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 qcki ng Applications: Uilizing SIMD-Sign And Absol ute Val ue QOperations”
‘filed on June 30, 2003 FIELD OF THE | NVENTI ON (0002] The present disclosure
pertains to the field of processing apparatuses and associ ated software
and software sequences that perform mathenmatical operations. DESCRI PTI ON
OF RELATED ART [0003] Conputer systens have becone increasingly pervasive
in our society. The processing capabilities of conputers have increased
the ef fici eAMERHO AFR/ARATUSYADD INGTRIECTION FORWPERFORALING ¥ SIGN

prof essions. As the costs of purchasing and owning a conputer continues to
drop, nore and nore consunglEERAYRONTHARNME TP1pke advantage of newer
and faster machines. Furthernore, many people enjoy the use of notebook
conputers because of the freedom Mobile 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
pr ocessor{8001ys er Shgpatentapplcatiop éxxielasido denfallowitigg bepemding OrSameat f rom t hei r
conputers regardl ess of the type of software being used. One such issue
can ari sezdpliesidnnNgo Ki pds of ¢ WS, : Lty re.actual ly
bei ng perﬁfporrred Wi t"mmn—f‘lﬁ’ %dritﬁj%gggg!r} Ceﬁilg?ﬁg?tfges é% k?) e%%‘ﬁcgtﬁ(gr&r equire
e L RIS S AP RGN AP Kiclon R 3B’ O andor

e of cITCurtTy n8 v

- FIELD OF THE INVENTION

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

DESCRIPTION OF RELATED ART

{0003] - Computer systems have become increasingiy pervasive in our society. The
proces,‘?ing capabilities of computers have incréased the efficiency and productivity of

) | worker;}‘h a wide spectrum of profcssions. As the costs of purchasing and owning a
computer continues to drop; :mo_re and more consumers have been able to take advantage of
newer and faster machines. Furtﬁetmorc, many people enjoy the use of notebook
computers because of the ﬁ-eedom.. | Mobile computers allow users to easily transport their
data and work with them as they leave the office or travel. This scenario is quite i:a.miiiar

- with marketing staff, corporate exec-u'ti_ves, and even students.

[0004] As pro;essor_teéhnology advéncc_:s, newer software code is also being generated

to run on machines with these processors. Users generally expect and demand higher
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opportunity to optimze the way certain conpl ex operations are executed

I nside the processor. [0005] Media applications have been driving

m croprocessor devel opment for nore than a decade. In fact, nbst conputing
“upgrades in recent years have been driven by nedia applications. These
“upgr ades have predoninantly occurred within consumer segments, although
significant advances have al so been seen in enterprise segnents for
entertai nment enhanced educati on and communi cati on purposes. Nevert hel ess,
" future media applications wll require even higher conputational

r equi r emdsrigrmamee frone thgirtccompyteny regandkespef the gk of software ibapgaxpd rOansshwi | |
be even richer in audio-visual effects, as well as being easier to use,
and nor e isipesd el fom G RILds dTinsthutlion¥end @p¥datibn S ARTAHR b&akIlPHEag [ 00061
Accordingly, the display of inmages, as meIF as pl ayback of audio and video
dat a, ' ' ] | o) . hav _

I ncr easwgﬁgdﬁ%‘pﬁﬁg‘ﬁg%ﬁé%%ﬁ ;ﬁneg{a{qfe%f’)éscoufﬁlgﬁtam&%‘%}%ﬂl{?ﬁ’é’?%g'\?}%g%%’m?—lﬁet ering
and convgl utjon operajions_.are sone of {he nost., conmon, operations

per f or me s whe ewpgfﬁét%?f {B Operaons Aaglor S8 cirruity mestiedd Aiis pravides an
operations are conputationally intensive, but offer a high |level of data.
par al | el ioppertumaty te aptiming thxphpiartaih ¢omplex hpemtiaisfare exactted npdidmthat at i on

usi ng various data storage devices, such as for exanple, single

i nstruct ipastesdak.t i pl e data (SIMD) registers. A nunber of current
architectures also require unnecessary data type changes which m nim zes

i nstruct | th : i gnificantly. - | ock
eygl oo r L0S] o PR ARG AL AR el HERRESES: SREIMERE s HorC,  ous
Gt or m nihapiieiecidin Tty Bow SPPPHITIRIRE SFp HETER. YoHE eI PR 5y B dithese

prior art signum ]
: applications. These upgrades 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 -ex.pe'rience will be even richer in audio-visual effects, as well as being easier to
use, and more importantly, computing will merge with communications.
[6006] 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 contex;t data, such as image audio and video data. Such

~ operations are computationai}y intensive, but offer a high level of data parallelism that can
be exploited through an efﬁéient 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 cycles required te order data for




instructions are limted in useful ness, especially in applications where
the further processing of the signumresults is needed because these
results are internmediate results of larger algorithnms. By requiring
“addi tional instructions to achieve the desired results, additional costs
‘were incurred in ternms of processing resources and pipeline slots. 3 BRIEF
DESCRI PTI ON OF THE FI GURES [ 0008] The present invention is illustrated by
way of exanple and not limtation in the Figures of the acconpanying
" drawi ngs: . 00001 0@'{%@1}? | Ais a block diagram of a conputer system forned
W th a processor at "includes execution units to execute an instruction
for a sign operation that nultiplies in accordance with one enbodi nent of
t he pres dﬁ?“ﬁnveﬁ’tanaﬁs, PIYCTONHedaiedingBIqtions, sptlbeka tigaygn dstroftianot her
exenpl ary conputer systemin accordance with an alternative enbodi nent of
t he pr esedeterinmwethe sign of b Bkt nkrhbrit Eloleves ik dbakiktiel FAYR@Bpebr X kiganAt her
exenpl ary conputer systemin accordance with another alternative
enbodi menhsialcti ; 2o 1cOLbors i QL 7 i; [ di agr am of
the mcro-ar gﬁlt)}tif%rtg E‘rﬁgf?:]@ grrl hggfgl? %gcs’es gélgﬁgﬂoaﬁghg&e{@%&h%ﬁﬁe ?‘kgi%}(i ncl udes
logic circuits to.performa gjgn operation that |tiplies in accordance
wi £h t he Bipecsdng 8f BE bt ol fisisa ngeded Beraiieghors it eed wiempsdpisresaia ko
data type representations in nultinedia registers according to one
embodi merrest algerihms.c By sequinngadditional gouctionsitajachéeveBhé ddsired resuls; packed
data-types in accordance with an alternative enbodinent; (0015] Figure 3C
i | ust r atadditieaalicosts werginegiradid teriits (peotepdnk fRdolatand)iseline slots.
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representations in multinedia registers according to one enbodi nent of the
present invention; [0016) Figure 3D illustrates one enbodi nent of an
operation encoding (opcode) format; (0017] Figure 3E illustrates an
.alternative operation encoding (opcode) format; 4 10018] 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;
100201 Figure 5 illustrates the operation of a sign operation that
multiplies on data el eBRIEF DESERIPTHANGF WHE FOGERER 0odi nent of the
present invention; (0021] Figure 6A is a block diagram of one enbodi nent of
acircuit perf.arm ; ign ' b flancoM; Hal=H sent
vent | onlop Db D e o B b o ol DR LeCE,
circuit fgr 6%er%orm'n a s%&r_oﬁgnation i n accordance with the present
i'nventi on;? SEPCACCOIPRANYINGGIININgS: o5 t he operation of a packed sign
instruction on a plurality data elenments in accordance w th one enbodi nent
of the prio98%k i dgureildnts altdokadiagragof e cemphier systdnp foraied with 4 prgsessert i ng one
enbodi mrent of a nmethod to performa sign operation; (0025] Figure 8Bis a

f1 ow char thai inthidés exetutibnamits feexcente ad iingnittic foa a ¥ihlvperation e wiudiptied isi gn
operation; (0026] Figure 9 is a block diagram of one enbodinment of logic to

perform ap, gosfledith oo 1R prBlninRaGlchd data operand;

[6010]  Figure 1B is a block diagram of another exemplary computer system in

accordance with an alternative embodiment of the present invention;
{0011] Figure 1C is a block diagram of yet another exemplary computer system in
accordance with another alternative embodiment of the present invention;
{0612]) 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;
{0613] 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 aliemative
embodiment; |
{6615]  Figure 3C illusirates various signed and unsigned packed data type
representations in multimedia registers according to one embodiment of the present
invention;

' [0016]  Figure 3D illustrates one emﬁodimcnt of an operation encoding {opcode)

. format;

{0017} Figure 3E illustrates an alternative operation encoding (opcode) format;
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10027] Figure 10 illustrates the operation of a debl ocking al gorithm using
SIMD instructions in accordance with the present invention; and 100281
Figure 11 is a flow chart illustrating one enbodi ment of a nethod to
performa deblocking algorithmusing SIMD instructions. 5 DETAILED
"DESCRI PTI ON [ 0029] The followi ng description describes enbodi nrents of a
nmet hod, apparatus, and instruction for performng a sign and nmultiply
operation. In the follow ng description, numerous specific details such as
" processor Hypes, m cro-architectural conditions, events, enabl enment '
mechani smi0®1ghd tHiguse Ieillysteatesoret amothér altametiveoparaiquraneodiag fommte t hor ough
under st andi ng of the present invention. It will be appreciated, however, by
one skill ¢ad1dn  tHigmard istabidck diguridi\oFBhe eRbHEhREMbEC b pedoth hBHt such
specific details. Additionally, sone well known structures, circuits, and

the Iike : ' il V.0l unnecessarily obscuring

t he preseﬁ@?ﬁd\}%@gﬁ& %%%?ﬁ%%&ﬁd#g% ft§| < m%c& %8@?%nts are

descri bed ég reference to a _processor, qQther enbodiments are applicable
to other I% ofF igHe gilustetiesthe pRRrationofe Sigsypreratipathataguitiplies emdata

techni ques and teachings of the present invention can easily be applied to
ot her typelsmeits gi acvaidagceowitis end aobatlicieorofdbvpressnt idvahtiegn benefit from

hi gher pi peline throughput and inproved performance. The teachi ngs of the

present i [@egny i OWigre 6A%R R/bisRRiforhf FR¥e %B&ﬁﬁﬁﬁfotoicim%fﬁem&é}gﬁn%f forms

data mani pul ati ons. However, the ~ present invention Is not

processorﬁi%rp%%eg?% !igg&& Eear?ﬁ\ftﬁ)é%n%%% ggf'efl%o 128 bit, 64 bit, 32 bit, or

16, bit da ations and can be r};'my processor and machine in.

wHi ch man[i B% ation of Backed data i s needed. . o
0022] Figure 6B 1s a block diagram of another embodiment of a circuit for

performing a sign operation in accordance with the present invention;
{6023] Figure 7 illustrates the operation of a packed sign instruction on a plurality data
elements in accordance with one embodiment of the present invention;
[6024]  Figure 8A is a flow chart illustrating one embodiment of a method to perform a
sign operation;
[06025] Figure 8B is a flow chart illustrating another embodiment of a2 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 using SIMD
instructions in accordance with the present invention; and
[0028]  Figure 11 is a flow chart illustrating one embodiment of a method to perform a

- deblocking algorithm using SIMD instructions.



100311 In the foll ow ng description, for purposes of explanation, nunerous

specific details are set forth in order to provide a thorough _

under st andi ng 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

el ectrical structures and circuits have not been set forth in particular

detail in order to not 6 necessarily obscure the present invention. In

‘addi tion, the follow ng description provides exanples, and the

acconpanyi ng draw ngs show v Rt DS GRIR he purposes of

il lustration. However, these exanples should not be construed in a limting

sense as [0029] aTke fatloaliyg datepiteidserits ibdSinRe 6l ne@bd [ HPaRhRSAAL

i nvention rather than to provide an exhaustive list of all possible

I mpl ement; a4y A6l | ] 2 ugh t.he bel ow

exanpl es 1@%&;@§;§%§ripﬁst r uggﬁg%h%ﬁw&gggﬁﬁé g?@'t%’lt@lﬁ%@g‘)ﬁpﬁdﬁ?’:ﬁﬁ@bnt ext of

execution units and.l ogic ciycuits, other enbodinents of the present

nvent | o TR BEPeie Adrisich SbhrogiyorPes MUArEChiIcRNEH SoBbEom, FEME. { he

met hods of the present invention are enbodi ed in machi ne-executabl e

i nst r uct icB#demarangchanisms tand tise likeoare b fordleih drdertapsevide g awee tlorqughpose or

speci al - pur pose processor that is programmed with the instructions to

per f or m uhderstasdifig of the Pecspritdiaitioh NI ERpprEoRtdA. RSREVer] BYVGRIdkARd ifBY be

provi ded as a conputer program product or software which rray include a

machi ne ~ I: ' tor r,eon st ructions

by eh o e FRERE FheRARNAR B FROUE PN GuctisBrae UPGIE BB coo) "1 o
, the

performa process according to the resent invention. Alternativel
steps of s?'ﬁ%wﬁﬁicg‘é SN 'érr‘??’i‘:brﬁ“‘rﬁ’ﬁﬂ‘il HﬁgﬁiﬁgW%P%%ﬁho‘%'bEH’Wt‘WP re
conponents that contain hardwired logic for performng the steps, or by
any conbipiscrssarlyfobprmigedbmprasentinyentéon. conponent s and cust om har dwar e

conponents.
- {6039) Although the following embodiments 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 inventi;an are
applicable to any processor or machiﬁc 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 prc;vide a thorough understanding of the present invention.

| One of ordinary skill in the art, however, will appreciate that ihcse 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 particilar detail in order to not
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Such software can be stored within a nenory in the system Simlarly, the
code can be distributed via a network or by way of other conputer readable
medi a. 100331 Thus a machi ne-readabl e nedi um may i ncl ude. any mechani sm f or
,stori.ng or transmtting information in a formreadable by a nachine (e.qg.,
a conputer), but is not I|imted to, floppy diskettes, optical disks,
Conpact Disc, Read-Only Menory (CD-ROMVsE), and magneto-optical di sks,
Read- Only Menory (ROVB), Random Access Menory 7 (RAM, Erasable

" Programmebl e Read-Only Menory (EPROM), Electrically Erasable Programable
Read- Onl y9EsR8RYy QsppRAng prepéag Heentiono dn edditiom| the folldwing desstiptienmoyidess
transm ssion over the Internet, electrical, optical, acoustical or other
fornms of eprophgatmetithescgmapmying dgawingashowerarivay efampled foRHRDuIHEBALS |
digital signals, etc.) or the Iike. Accordingly, the conputer-readable
medi um i ngfy a ' | e nedi-um  sui tabl e for

Steona MoveVBE tifse @?ﬂﬁﬁés’@‘amd%t beaSRRLEs ] g&‘#‘a‘}% Sefse as tgeyf

storing or transmtting electronic 1nstructrons or 1n orm

readabl e hi e.g., a copputer). Mreover, the present invention
may al so %g%ﬁgﬁ@g}i%ﬁ t Bgoq'édec%ﬁ’BH{égP%gFé’é‘?séﬁ IBY%@Btr?th%‘%%mmYlﬁéa@r ogr am
may be transferred froma renote conputer (e.g., a server) to a requesting
conput er P&aystive listgfjalimossibipmplementations of the peeseqtrimgmsionnay be by way of

el ectrical, optical, acoustical, or other forns of data signals enbodied

in a car ripes2]wavAlthoug the belorofagiplds d8soiBe insfutiich RardBHB YA 83LdERoh K
(e.g., a nmodem network connection or the like): {0034] A design nay go

through \@d édaiesc of afktriol LA £HIGLL CRaER, AhIMAldRRed o [ ER! T 0N Data

rrepresenting a design may repre signin a fanner s.

FHrst, as..is. ful in sipulations, the hargdware may _be represented using a
har dwar e%"} 2‘%‘%"??‘?‘&%%‘1}?"?’&}?%&3 Y 3Yayof spthwares g‘hﬁ‘ﬁ orbgdigrents thegnetbedsiafnguage
Additionglly, a circuit o .

the present invention are embodied in machine-executable instructions. The instructions

G

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
r{xay 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 hardware components that contain hardwired logic for performing the steps, or by
any combination of programmed computer components and custom 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.

{6033]  Thus a machine-readable medium may include any mechanism for storing or
transmutting information in a form readable by a machiné {e.g., a computer), but is not

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

and magneto-optical disks, Read-Only Memory (ROMs), Random Access Memory



| evel nmodel with | ogic and/or transistor gates may be produced at sone
stages of the design process. Furthernore, nost designs, at sone stage,
reach a |l evel of data representing the physical placenent of various
,devices in the hardware nodel. In the case where conventiona

sem conductor fabrication techniques are used, the data representing the
har dwar e nodel nay be the data specifying the presence or absence of
various features on different mask | ayers for masks used to produce the
“integrated circuit. In any representation of the design, the data may be
stored i n(Rdl)f Brapabié Peogranhitie ReakOaly MeRoneRROMMElentit4lBl EraéabR) ect ri cal
wave nodul ated or otherw se generated to transmt such information, a

MENDry, OPrordMamslk Rea@OMPMehidhy SLEHRRNON) SHEMCAS oPoplic G | ne
readabl e nedi um Any of Jﬁgse ned?%ns na% "§2$ry9 % "F% |62§g{g§wb dgsign
or soft |- Lon.  \Wen an.elect.ri.cal carrier e indicating or
carryi nﬁ%&ﬂé%@%@?&&é‘%@f] i e?’sdectn?cﬁ é)ﬁ#'f"’tle?f,ou‘ftt?a[ ?lre‘:'tg?\?%ﬂ’[’s? PPAEB¢i ng,
buffering, or re-transm ssign of the electrical signal is perforned, a new

copy i s nHERals teHlcarter wavs AnGaed signals sigitab sigoalsetnkonibe kikpr Avcadinglyay
make copies of an article (a carrier wave) enbodying techni ques of the
present Uhg nemputenreadflile dfedivnn inchdesamrgpestinedia/ntachingliesdable iedikAr ent
execution units are used to process and execute a variety of code and

i nstruct i pnable N steving ('brrtﬁitn&ﬁﬁfiﬁﬁpaéctﬁfn?c EERkRs Sﬂgl"ie’(%m%?imé ?rggﬁorg{/ %éelayec ker

to conplete while others can take an enornous nu The

faster t of | lons, .the better the overall ,perfo nce

oihe | RaaRY, ol SN tie et bEepion LR by dymlosded

Hstructions execute as fast as possible. However, there are certain

i nst r uct iASALOPRHLCT REREZATY PEE: Avishdhe piogmm may dgitraasferred o reaots  of

execution tinme and processor resources. For exanple, there are floating
computer (e.g., a server) to a requesting computer (e.g., a client). The transfer of the

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 -liké);
{0034] A design may go through various stages, from creation to simulation to
fabrication. Data representing a design may represent the design in 2 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. Fﬁﬂhe:more, 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



poi nt instructions, |oad/store operations, data noves, etc. 100361 As nore
and nore conputer systens are used ininternet and nul tinedi a
applications, additional processor support has been introduced over time.
For instance, Single Instruction, Miltiple Data (SIMD) integer/floating
point instructions and Stream ng SIM Extensions (SSE) are instructions
t hat reduce the overall nunber of instructions required to execute a
particul ar programtask, which in turn can reduce the power consunption
" These instryctions can speed up software perfornmance by operating on

mul tiple H’&Hﬁ“’él efertica! op clsatrigt] veave medulatedsen dtherwirsrgcoenated ¢e trgasmissuwan  be
achieved in a 9 wide range of applications including video, speech, and
i mage/ photnformation ssmegroryl loe a magpétangvpétil etoratle sBEVE 4 BEE 4G be MSmbdhine
m croprocessors and simlar types of logic circuit wusually involve a

nunber of rd t exj. ..y Q. St MD.Qperati ons ften
roa8sbi6 fediugl.  ARY BPHEse ﬁgtﬁurﬁg’% W 0 e%ﬂ%{% QRE desf%mﬁ? 3 and

| eads to a need for additional circuitry I n-or O correc

mani pul at dat 100371.Presently a SIMD sign instruction that,

mul tipli e@‘fé@’%ﬁgﬁ‘- g\’?’a“'ﬁa& c&.}“‘iﬁfﬁ‘@? ‘Y%Vérl%‘gaa‘ms/safmgmqusﬁr flesigieiss ol ut e
val ue operatiqons. Wthout the presence of a sign operation that

mul ti pl i el§ansmifted futhe exisat that capyingy biffaragsorandradsmasion oif tealacideabsigasided t o-
acconplish the same results in applications such as audi o/ video

conpr essiieperfpmecles sewgopistnaden This)ladfobiuniddtidh préviddrdR alnRBidd phdvidke i N
accordance to the present invention can reduce code overhead and resource

requi r enbiipmakdQpMsBTh Srifle (NGni: 61;‘(%1}% 8 L fheBresiay 1O

'mpl enent ayssi gn operation aeséaan alrg‘%??)t%ﬁmt a tma giu%éggﬁn&prg\{:\%[) rel at ed

har dwar e.; §% enbodi ments al so provide ways to inplenent an absol ute val ue
r

operatioﬁ. egéntly, it is sonmewhat difficult and tedious to operate on

data in 3?SI MD register. Sone algorithnms require nore instructions to
arr ange g 331t or Ingppdamprqcgssors, a number of different execution units are used to process

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 -
brocessor. 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
S } | 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
S.IMD 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 séecd up software performance by operating on

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

9



operations than the actual nunmber of instructions to execute those
operations. By inplenenting enbodinents ,of a sign operation that

mul tiplies in accordance with the present invention, the nunber of

I nstructions needed to achieve sign processing can be drastically reduced.
100381 Enbodi nents of the present invention involve an instruction for

i mpl ementing a variation of a signum operation. A signum operation

det ermi nes whet her a given nunber is positive, negative, or zero. During a
si gnum operation, the function evaluates a nunber as: for x > 0 ,

si gnun x) Wideangegf applicagonssinglyding,vides, speceinand tmapge/pho®, procepaing( The= - i .
However, in nultimedia applications, the multiplication of a data val ue by
the sign infpldfernatatheiSIVAD retrictiont iiemidieRoessd s M gmYiar iypuSoflogRIcikiis. A
sign operation that multiplies can avoid having to do nmany separate

oper at i ONgalFRQevER HumbRf of Bk’ PEBmsid P]S gngiﬁze%gt& %‘ Fﬁ{dgﬁvép%?%ioﬁ?{)

functionality than the signumand also I nt “‘cat’1 on. Ecrt 0039]

A sign instruyction,in ordance to the present inventiogn conmputes the
oper at i oﬁ:ea‘%ég‘imgeds%&fg‘iggﬁ’ b prey "Sﬁﬁ‘i‘hi%’ofﬁéf”c‘ V@,’“l{gfﬁé‘f thedadm of
SRC2 will provide a value of "+1'. If SRC2 is equal to zero, the result of
the si gndMdfl SREpesenily a,SIMD sigh ismoztipns thatyattiplies istioeavaitables iNprtsithefe aSSRC2
is "-1'". The sign operation that nultiplies as in enbodi nent of the

present iSIviNirstucticakfosalisbmtE )i /dpepdtions.s WaMdHt B8 preseefTAigPoikedtidht | P! 1 €s
the signumresult with the value of a first data elenent to obtain a

resul t antyf 'hﬂﬂﬂﬁtes Al ‘r}g%esﬂtﬁﬂbe? Bpfn%ﬁ&&nggn@%ﬁ% gégﬁ?%& w épagu‘(ﬁdﬁs ODEgT .

indi vidual data el enent can be represente €
=/SOURCE | X then DEST = 0;

the san;e_r%ézi.lts i Lgp?iciatfionss%fg'ncaEszaufiioc}\’fideo compression, processing, and
manipulation. 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 use of SIMD related
hardware. Some embodiments also provide ways to implement an absolute value
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 %G, signum(x) =-1.

However, in multimedia applications, the multiplication of a data value by the sign of
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else if SOURCE2 > 0, then DEST= SOURCElI x '+l'. For a packed data operand,

this flow can be applied to each data el ement position. (0040]

Furt hernore, one enbodi nent of a sign operation that multiplies can al so

mm¢ the signumoperation by using the value "|I' as the first source

el ement and the value of interest as the second source elenent in a sign
operation. Because the sign operation of this enbodi nent causes a

mul tiplication of the first source elenent with one of "+1', "0', or -1

" "based on the, si P val ye of the second el enent, signum can be replicated
here. Si ﬁP‘i’ta‘?rl‘g‘,“eéﬁﬁ &6 Resded durng yastosr gigodihersatA sign opetatios thanwerdtiplisa can

al so perform absolute value operations by setting first source elenent to

the sign epervard myimmealo meny fepamecmpchtiofQ UERBo@hRABIYS thd, leSerit SigAChi evabl e

because the source value will essentially be multiplied by its own sign,

thus maki Bgeratifh groeidbs MBke Naktihatity §: intd i Laune dA.is a
bl ock di agram ofpv an exerrpel ary cgnpyut%‘}@lgglgﬁdfn\g%}%ég%g’%s tgegrbu}%%lbc@%?‘ t hat
i ncl udes ti uni.ts to execute an . instruction for a sign operation
that  mul [OaT) es A SERLEmE o ahrorani Lmserenbiemon oompesdbn
invention. System 100 _includes a conponent, such as a processor 102 to
enpl oy ex®RAAFHDERT =5 SRAD USIGNIMESRC2): df SRERfippositivey the digrmen bOSREROCESS
data, in accordance with the present invention, such as in the enbodi ment
descri bedwhkprevide 2 Sybieafi* 00 If SRC2 i @feNodield/ heesilf SORSE SigAAmIIR™Bis based
on the PENTIUMr) 111, PENTIUMr) 4, XeonTM Itanium, XScal eTM and/ or
St r ongARMEro. Nif SRORTi9 GESHRE Sthay e sfiiuf i( t.e}. poration.of ., Santa

SR S el e AR R

Chara, California, although other” systens udi'n ot her

#Cropro S | rin rkstations, set-top.boxes_ and the |ike) maiy
al so be ﬁgglggﬁ%nasgﬁghe’gﬁ%&ﬁng% © PLSHpMRventon fakns thegigmn ebatsgerd datger si on
of the Wclb\gg/\ST' OHFra,ti ng system available from Mcrosoft. Corporation of
Rednond, 90 ARt wiltplics Hisuidnua reanlt with tha vakee efiasfisstdats eidmént to obtaina

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]1 x “+1°.
For a packed data operand, this flow can be applied to each data element position.
[0040] 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
.th_is 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 a2 ‘0’ or positive,
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and Linux for exanple), enbedded software, and/or graphical user

I nterfaces, may also be wused. Thus, the present invention is not limted
to any specific conbination of hardware <circuitry and software. (00421 The
.present enhancenent is not limted to conputer systens. Alternative

enbodi mrents of the present invention can be used in other devices such as
handhel d devices and enbedded. applications. Sone exanpl es of handheld

devi ces include cellular phones, Internet Protocol devices, digital

caneras, pedgoPnal pi Al § Rl i st.ants (PDAs), and handhel d PCs. Enmbedded
applicati gns gan E"ﬁg&u%‘g !Sagki%ﬁ)gggxa%m é‘g"’r"l eége{“PZaIHFWP&’Jer@fsgﬂﬂafoﬂmdm@%or
(DSP), systemon.a .chh%, network conputers (NetPC), set-top boxes, network
hubs, wi dE™%FET fiat ishades arcytienpnitstie sxecute aariystntchion farysdigbpdiationaBd or M5
sign and/or _absolute value operations on operands. Furthernore, sone

ar chi t ect Brdtiplisaircadsertand@withohe smbbdifheht 2R eﬁ‘edtﬁkaiehﬂs‘; | Sikderh JogPerate on
several data sinultaneously to inprove the efficiency of T edi a

appl i cat i aRfudedd cdhSortchP Suansk a _{ncreases, .conputers and
their processors hal?/oe tG be en%gjﬁg%gorﬁfgzgr%% yacf‘gc'ﬁﬁ‘f‘d’“?tﬁ‘%‘{é“%hﬂcdpent
met hods. 3) ki gure A is a.black diagramof a conputer system 100
fornmed wi ‘%ﬁ’g‘% aﬁé@%‘é‘%é L PFRerst fidde- p Acqordpdise With the present investion,isoch amint s 108
to perform an aé,gorithm‘to extract the sign of a data el enent from one

operand ahg cbPqimsnt dessebedshegpinniSystera 00 ierepresaritatiwl STipRodestifg sptiglance

wi th the present inventiog. The present enbodinment is described in the
cont ext dfased ¢ thg PENTIONES 50 PEIMHIIMD4 0% et MBS yS! fal | ternative
enpodi ments can be included in a nul ti’proces’sorlsys’t}gégalé;yé;t“gﬂ{ 100 is an
: 100 i nel

anpl e Cﬁtr@%ﬁwaﬁﬁm tr@%%%{%r?avaﬁgﬁe %%%Ee‘?rcﬁﬁ/osét?ﬂ o Soanltan(%lagg,ecsali?omia,

processor 102 to process

although other systems (including PCs having other microprocessors, engineering
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 Redmend, Washington, although other operating systems (UNIX
and Linux for exampie), 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 sofiware.

) {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
phoaes, 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, nctwérk
‘hubs, wide area network {WAN) switches, or any other system that performs sign and!br

absolute value operations on operands. Furthermore, some architectures have been
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signals. The processor 102 can be a conplex instruction set conputer (Cl SC
m croprocessor, a reduced instruction set conputing (R SC) m croprocessor,
a very long instruction word (VLIW microprocessor, a processor :
Ainplementing a conbination of instruction sets, or any other processor
device, such as a digital signal processor, for exanple. The processor 102
I's coupled to a processor bus 110 that can transmt data signals between

t he processor 102 and ot her conponents in the system 100. The el enents of
" System 100 performtheir conventional functions that are well known to
those fantiPlamentzd to,enable mptructivppipoperate omseverd daarsinitiltankOeslplodepse 102

I ncl udes a Level | (LI) internal cache nenory 104. Depending on the

ar chi t ect theeflitieymfondasediakpRli@dbnd) NEthd tﬂﬁc%h@ro@ld?ﬁ@&f@ﬁa itk Of
multiple levels of internal cache. Alternatively, 1n another enboti nent,

t he cachecomipiteys Wi ' I th rocessor, 102. O her .

enbodi ments can g?goﬁrﬁllgﬁt‘%gorgﬂ%g%gﬁﬁ it f@pﬁnﬁlpﬁﬁf 33 i dRorg e tligient

ext er nal %n%fh%ﬁ% depending on the particular inplenentation and needs.
Regi ster TiTe 106 can store different types of data in various registers
i ncluding,_integer registers, floating point registers, status registers,
and i nst r{f3lon Fignretle isradyock dagrai@FAThmipues systan 100i6rmka8vitd £/ udi ng
logic to performinteger and floating point operations, also resides in

t he procemeomsdrdn2 tHiéndNides @H8 6f mdR2ZxakfRdal Ik 198 %0 Berglnci{ %ﬁﬁg&%&c ode) ROM
or this e

that stores mcrocode for certain nacroinstructions. qi nment ,

execut i Onexeiitithd 86n b ke to handl e a,packed .instruction set 109.
I'm, one enbodi man?i,1 ?ﬁgﬁggcﬁeeg'gﬁﬁrgtor%ﬁé’f)?aﬂgg'éq R’f&é’ﬁ}’mﬁ‘ﬁ%é‘"@aﬁagﬁéd si gn
si gn val ue of data. By including the packed

i-Astructi for oodifying th C
i nst ruct iﬁgi%l eslee cn_f &acfclq}'/ciaﬁge with the present invention. The present embodiment is

described in the context of a single processor desktop or server system, but altemative
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 famaliar
with the art.
. {0044] In one embodiment, the processor 102 ipcludcs aLevel 1 (L1) intemal cache
memory 104. Depending on the architecture, the pro;:essor 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 inciudea
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I nstruction set of a general -purpose processor 102, along with associated
circuitry to execute the instructions, the operations used by many
mul ti medi a applications may be performed using packed data in a
.gener.al - pur pose processor 102. Thus, many multinedia applications can be
accel erated and executed nore efficiently by using the full wdth of a
processor's data bus for perform ng operations on packed data. This can
elimnate the néed to transfer smaller units of data across the
"~ processor's gata bu?‘tg,perforn1one or nore operations one data el enent at
a time. (GBEBMalPR et hothdntempbandraxtamaal shchen depeadingionrtheiparticl@8 can al so be
used in mcro controllers, enbedded processors, graphics devices, DSPs,
and ot her implssenttioh agd oealsr Repisier file /0Bt sbRIdiFRFntEBSs 6f IR Wridad-
Menory 120 can be a dynami ¢ random access nenory ( M device, a static
random ac e@sdterS BIEp 55394 | . vi ce,, or her menory
devi ce. Menory 120 %ig% st Org%%%%?’fg{‘#%ﬁ@“gﬁgﬁ%ﬁa% g7 ?%‘Bﬁsegﬁﬂ‘%‘ﬁ"%‘?“dat a
signal s tpgﬁmgag.ge executed by the processor 102. 14 )0047) A systemlogic
chip 116 fs™C ﬁ?eﬁxto the processor bus 110 and nenory 120. The system
logic chip 116 in the illustrated enbodinent is a menory controller hub
(MCH) . Thi08Ph c e dseutigpunsbiiSs ineindingclagie to perfiven Mitged 4l Noming ppimcessor bus
110. The MCH 116 provides a high bandwi dth nenory path 118 to nmenory 120

for i nst ropratoms, Assredideainth©pgesssIZ OTheShrS-264R 102 2836 ARMdes a%%ﬁ&’é
data and textures. The MCH 116 is to direct data signals between the

processory RN r S t .St e 00 and to
t})ﬂ dge t h(e dag a si gﬁée{ltl %&gse!{l\%g(gc n 9%) ?(%c? gfs}%gﬁg %3@“%%?}0% gf;orr 31}’,1 E'ﬁ‘g}’ mf“esyst em
0 122. A §gﬁe qpﬁgpiqentﬁ,.the system | ogic chip 116 can provide a
gr aphi cs “FEMO It TBUBFids legc o ¢ packed mstrugtiasyset 169, ImgaeNCH 116 i s
coupled to nepory 120 .

embodimerit, the packed instruction set 109 includes a packed si gn instruction for

modifying the si gn 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] Altemate embodiments of an execution unit 108 can also be used in micro
‘controflers, 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
' dévice, or other memory device. Memory 126 can store instructions and/or data

represented by data signals that can be executed by the processor 102,
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- through a nenory interface 118. The graphics card 112 is coupled to the MCH
-116 through an Accel erated G aphics Port (AGP) interconnect 114. [0048)
System 100 uses a proprietary hub i-nterface bus 122 to couple the MCH 116

o the I/Ocontroller hub (1 CH). 130. The I CH 130 provides direct

~connections to sonme 1/0 devices via a local 1/O bus. The local 1/O bus is

a high-speed 1/0O bus for connecting peripherals to the nenory 120,

chi pset, and processor 102. Sone exanples are the audio controller,

" firmvare hub (flash BIOS) 128, wirel ess transceiver 126, data storage 124,

| egacy |/ 904dht r ohssters dogiaihip Ay issoupled poithegnotekey boal Ih it ReHmapeR0. a
serial expansion port such as Universal Serial. Bus (USB), and a network

contr ol | eThd S¢tend RgicleHip 1 66 BV 188 LGNS %mbéydi%an{éargﬁﬂP%c%gtrrgﬂ«%q{ug di sk

drive, a floppy disk drive, a CD-ROM device, a evice, or
ot her mas r ' 0049) For. anot he I rent of a system an
execut | ona\&(rﬁ]“l | ?ggggoé%géusﬁ g‘%ﬁnc"&caé’ﬂ?'{‘%?ﬁ%wpﬁwgg VIR PRIPERSEPTdNsddf be used
with a syﬁtlem on_a chip, One enbodi nent of a system on a chip conprises of
a processone M{d1 A1¢armyides atrgh bandwidih memasnpath 18 temsmeny 120 for insSruttias h
menory. The flash nenory can be | ocated on the sane die as the processor

and ot herandsiat storage apbfoe stosage A€ giaphies abinyhand, A8t 2he Gh@urbd OTKSMTUERIQS a
menory controller or graphics controller can also be |ocated on a system

on 2 SN s 1d 890 ol i uceh SDBEST 1D, Aleh S Yo SAROTLIERL, 8l @ data

processing system 1 i ch 1 nplenents e principfes” or
Poy Sonal g g b el b vertmplsesgbus dgfy memomotig. and |
h?:)cessor s with Intel XScal eTM technol ogy (as descri bed on the worl d-w de
vweb at dSVEFBIL? 124t b somermbodimeits, [thereysteonldigiochip bréecingredddy goaphiosf ski | |
in the art that the
port for coupling to a graphics controller 112. The MCH 116 is coupled to memory 120
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 11-6 to
the 1/0 controller hub (ICH) 130. The ICH 130 provides direct connections to some VO
devices via a local /O bus. The local I/O bus is a high-speed /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 I/O contxjoller 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 starage device.
[0049) For another embodiment of a system, an execution unit to execute an algonthm

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 2 memory. The memory for one such system is a
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enbodi nents described herein can be used with alternative processing

~systens without departure fromthe scope of the invention. 10051] Conputer

system 140 conprises a processing core 159 capable of performng SHID

.operations including a sign and absol ute val ue. For one enbodi nent,

processing core 159 represents a processing unit of any type of
architecture, including but not limted to a CISC, a RISC or a VLIWtype
architecture. Processing core 159 nay al so be suitable for manufacture in
one or nore process technol ogi es and by being represented on a nachine
readabl e Had memarys Jheiflask pemesy ean be lngatedhen theisuabldie asdhé poktssodnd atlaérd
manuf acture. [00521 Processing core 159 conprises an execution unit 142, a

set of regyistnecorhpinets) Adiitonaky)dtiter dQGOUREKsARh aPh B8Rt BShtfdllefod 59 al so
i ncludes additional circuitry (not shown) which is not necessary to the

under st angiaicoboritdRePé A be IIUEDE PR syFGHL A UNi L 142 1s used Tor

executing instructions received by processing C 159. In addition to

recogni zi fypi.cal ntr ssQr instructions, execution unit 142 can
recogni ze@ﬁgi r uﬁgm@fﬁﬁgﬁm aiﬁeﬁg’f‘?’ & empehimeat ofiydnty processinEGYRtEg
operations on packed data formats_ Packed instruction set 143 includes

i nst r uct | swhigh implspentsithapririciplessofihepestni inventdn cOnpanbsdigrat ofalath nay 16
al so include other packed instructions. Execution unit 142 is coupled to

regi ster probassihgSystom 120 is AN IAND Peldfial IRRHIcE CHEnT AlcKitdhRe (BRIBTAP 2

storage area on processing core 159 for storing information, including

data. As. | ' [ ' t.hat.. t t . d
Py st or R RAURHS pIOclRDl PR el B RLAOBLGs B bk G e R 001 o0

¢ decoderdéﬁﬁ,VQecod%r 144 is %?d f §1decodi%ﬂ)instruc1ipns recei ved by
processi Ny coi g RS- INRk Gompy 1 W 'esri“@‘ﬁ aprEctptest byneneraf skdkindhe 2y thebthet s. | n
response to these control signals and/or mcrocode entry points, execution
uni t 142 Htiodunepts deseribgshersin can ke wged veith altesative processing systems without

departure from the scope of the invention.
[6051] Computer system 140 comprises a processing core 159 capable of performing
' S_IMD operations including a sign and absolute value. For one embodiment, processing
core 159 represents 2 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.
. [0652] Processing core 159 comprises an execution unit 142, a set of register file(s)
145, and 2 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 Vinstmctions 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 perfohning operations on packed data formats. Packed instruction

set 143 includes instructions for supporting sign and absolute value operations, and may
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[ 00531 Processing core 159 is-coupled with bus 141 for communicating with
vari ous other system devices, -which may incltude but are not limted to,
for exanple, synchronous dynam c random access nmenory (SDRAM control 146,
.stati-c random access nenmory (SRAM control 147, burst flash nmenory

i nterface 148, personal conputer nenory card international

associ ati on(PCMCl A) / conpact flash (CF) card control. 149, |iquid crystal

-di splay (LCD) control 150, direct nmenory access (DVA) controller 151, and
dat a processing

" alternati | 1§ . 152 1 n.one enbodi ment,
system 14\3%%?1!;/@%@}15@ 0 Fr%ér‘f‘é‘ ét%%(r?fof'?' é’b‘?‘f‘ﬂ%‘é“‘l‘g i& Breospistimicatstar fide 193 by
various 1/0O. c{evi ces via an |/0O bus 153. Such 1/0O devices may include but
are not | P E‘Haltl?il,s- Iglségié-%lﬁ Tregrasends 8 sloraggsymacinroooessing core 159 for
receiver/transmtter (DART) 155, universal serial bus (USB) 156, Bl uetooth

wirel ess SIARTE irfgrmaation] inClugliepadisd. 0ls prebREERGEenliBBed, [itqgﬁﬂtﬁer%?i gabgdi ment of
(0}

data processing system 140 provides for nobile, network and/or wreless
comuni cablofips aRAGs@d R QRESSt f performng.Sl MD
operations including a si gnﬁoﬁg%%géfﬁ%g?Sv'gc\?g'gg%)ag‘egé?ﬁ‘g‘ﬂg “ﬂghggé%%le@or e

159 may b I d wt ario udi g, video, imaging and

communi ¢ aﬁ %c%é&gllgg?ﬁteﬁ%r ?ﬁ% PSL}HF‘E g"r R ETHGHORS f@ﬁmﬁg by procssaitg @ge a
Wal sh- | -Ig@n&rd transform a fast Fourier transform 17 (FFT), a discrete
cosi ne t r &S Gpntrobsgnalsanil/ertmicrocods patey poitsi ity ssspenst t@tEOEdHrol signals
conpr essi on/ deconpr essi on techni ques such as col or space transfornmation,

vi deo encamdéor nitocade ariyi poiits, keCUtion iR 49§ BBk Oggéﬁggggghj)@; and

modul ati on/ denodul ation (MODEM functions such as puls nodul ati on
PCV) . 1000631 Fi pryces ' +al ternative enbodi nents of a data
pr ocessi 2‘8 s;}stem ccé%'%o‘?déégﬁ %Eegf)ﬁ %ﬁnwrl\%ﬂ)é'lswz*?r&?"ﬁ?“‘ﬁﬁaé‘é‘gﬂ‘g‘ YAsioge

operatio I ccordance.with on
P "bther 'sPstél %ev:ces, Which may mcﬁldc but are not limited to, for example, synchronous

dynamic random access memory (SDRAM) control 146, static random 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) controllef 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 /O devices via an /O bus
153. Such /O devices may include but are not limited to, for example, universal
asynchronous receiver/transmitter (U ART) 155, universal serial bus (USB) 156, Bluetooth
‘wireless UART 157 and /O expansion interface 158.

- {0054]  One embodiment of data processing system 140 provides for mobile, network
and/or wireless communications and 2 processing core 159 capable of performing SIMD
operations including a sign or absolute value operation. Processing core 159 méy be
programmed with various audio, video, imaging and communications algorithms including

discrete transformations such as a Waish-Hadamard transform, a fast Fourier transform
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alternative enbodi ment, data processing system 160 may include a main
processor 166, a J SIMD coprocessor 161, a cache nenory 167, . and an
I nput/ out put system 168. The input/output system 168 nay optionally be

.coupled to a wireless interface 169. SIMD coprocessor 161 is capabl e of

perform ng SIMD operations including sign or absolute value. Processing
core 170 may be suitable for manufacture in one or nore process.
t echnol ogi es and by being represented on a nachi ne readable nedia in

RS . : o £ all or
sufficien tail nay. be suitable to facilitate the manufacture o

part of d lilgﬁp? Gistrets; “t’?\émgﬁféﬁﬁjﬁmg@CTMed theinTgspecbveyensg tosfernds70. 100561
For one enbodi nent, SIMD coprocessor 161 conprises an execution unit 162

and a_ set CUPPIeEsidesomipr¢seios techbitueOneh asbeldi spR0¢ tofhsBihdtion! FAes &Rodd 65
conprises a decoder 165 to recognize instructions of instruction set 163

. . . e . : e _ tion b
i ncl udi ngmBtiddesingioarsd v1®B$ﬁEéﬂe@n&ﬂJd§%ﬂg§ﬁ§a&MﬁI R%ﬂé%o%?(g%g%dgg%of% 1 al so

execution unit 162. For alternative I ments,

[ ecoder ,1658 .to. d i nstructions of
ot uot SRODERE bRl s ST e Bo Bt My udes. additi onal
circuitry t s omq) whj ch is not necessary to the understanding of the
present |W\£}gﬁt i oﬂr.'g" £d65tHustratesyst pliernglive enthodimaénts pf odats poocedsifi sxralt es a
stream of data processing instructions that control data processing

oper at i orfgpaitle af prsfremang SHVBD signairubisolgteivalue operlations MisbfbrlifiRe SRR G TENDI Y
127, and the inpﬁ?}output system 168. Enbedded within the stream of data

Pr 0cessi nteieve biabdiRiene tsta PR GAPLRRAD RE b T W AR prdtiS dggeder 165

ofy main processor 166 recognhi zes t coprocessor S
261, ago o EfrbiBlor 1R AP BRI Gl o Bpulbn Riasimist: dikococsor
i. nstruct iir?prll?/ogt%{xt gy%ﬂ:% i)tlis r%lagg ggtliosna{lg (reggl?pq;& tr(])ga wireless interface 169. SIMD
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
including 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 altemative
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 unde-rstanding of the preseni 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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SI MD coprocessor instructions) on the coprocessor bus 166 where fromthey
are received by any attached SIMD coprocessors. In this case, the SIM
coprocessor 161 wi |l accept and execute any received SlIMD coprocessor
dnstructions intended for it. (00581 Data nay be received via wreless

i nterface 169 for processing by the SIMD coprocessor instructions. For one
exanpl e, voice comunication may be received in the formof a digital
signal, which nay be processed by the SIMD coprocessor instructions to
regenerate .digital audio sanples representative of the voice

communi cat''BHEe caehe merpendp7, and Abgrinput/erpwsestemd 68U Einbeddel withivi thesraamy be
received in the formof a digital bit stream which nmay be processed by
the SIMD ©bgatepemssring mstruatiohs apSIVD G(E;ﬂ@cféeé’oﬂx%u‘ﬁ'bﬁﬂﬂsalThe%g&&r§§§T§}‘7es

and/ or notion video frames. For one enbodi ment of processing core 0,

mai N pr oC @ssPhro 161 are integrated [ nto a single
processi ng c%r ﬁg%mg@@g#%é&gﬁg@)ﬁ(%(s:%ﬁogﬁss%ﬁnfmi%’?,ns @‘é{‘gﬁ appgihgter -
file(s) 1 a d der 16 ecogni ze instructions of instruction
set 163 i%‘i“&‘gﬁga‘ﬁ‘%@%&“aﬁ%‘é d§ RpEoagssor d61. Aseardioglyothe m§in0591 Fi gure
2 is a block diagramof the mcro-architecture for a processor 200 of one
enbodi menPTOEEEer 19¢cismse theso §IMD coprogesser instnpmiohe (dNcantélGiprRRaealcsdifing Nat
multiplies in accordance with the present invention. The sign operafion

| so SBMPebprotesiot Ms@Get; ' ' ofed
may al so ebproresiot ds@sctidns)AALE Coprb&HIs R RGE ‘i‘&t‘i g)ﬂe:%qpod{’? ?f?e? e ?elcgiﬁgd si gn

instruction as in the discussion above- For one enbodi nent” o

i nstruct i BPanytd@chaSIiiS bt 1.t pl fd data elenent with the
s?n val ué otyt a second dg%lggceﬁ%ggr;rl%%.thfﬁﬁ%e’ ﬂﬁ’ﬁmf?mﬁ“@éﬂ 1gis"&ﬁ‘“t?é’c‘fF'-[’éferred
to as PS'a(r?ﬂe oru{)acked .Si gMn this enbodi nent, the sign instruction can
al so be ipIBHeht 2 Feerveh EORRCTFaRIANEIUSHent ntanded fagisi zes of byte,

word, doubl eword, quadword, etc. The in-
{0058] Data may be received via wireless interface 169 for processing by the SIMD

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 di gital audio samples representative of the voice communications. For another
examplc,. 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 embodinient of processing core 170,
ﬁaain processor 166, and a SIMD coprocessor 161 are integrated into a single processing
core 170 comprising an execution unit 162, a set of register file(s) 164, and a decoder 165
-to recognize instructions of instrﬁction set 163 including SIMD sign and absolute value
instructions.
{06059]  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 mulitiplies 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



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 enbodinment includes
.several units. The instruction prefetcher 226 fetches nmacro- instructions
frommenory and feeds themto an instruction decoder 228 which in turn
decodes theminto primtives called mcro-instructions or mcro-operations
(also called mcro op or uops) that the machi ne know how to execute. The

" trace cache, 230 ttgére .decoded_uoE{:,e .and assenbl es theminto program ordered
sequences Bpodimgy G SIER &nstryptiong theyastpsion gn mxkiplt 4 Hrst dath elemdnewithace

cache 230 encounters a conplex macro- instruction, the m crocode ROM 232

provi des thheignopbendadechndalatoeimhaite Thaeinspatioh c@naiso BORBQIeINBRY PSIGN
macro-instructions are converted into a single mcro-op, and others need

several Norgackadg. OlnGRRRhHoRirid}e tﬂéjliik%ﬂiégrﬁnp id0hn al<3 b HBicRIRAT GENL - ||

nore than four mcro-ops are needed macr of 1 nstructi on, the

decoder m.cr ocode 23 0.do the Cro-instruction.

For one g‘%ﬁ%‘@ﬁ?‘%@‘%ﬁ'&%&mﬁw of @{Ir‘ﬁ?"t%i é?f‘bg rgé?"& vetfk 6tc ths B snal |
nunber of 'g{o ops_for géocessi ng at the instruction decoder 228. In

anot her é?%n‘liﬂ apb grd 28415 the partief the processon2@hithibfttobiegthe nadcgpinstrhciana o be
stored within the m crocode ROM 232 should a nunber of mcro-ops be needed

t 0 acconpikeaited drel ppgared them. to bb asddrlaeeirChe ProcekBr pipEiateS THE Forft hd YoL8E Nt
programmabl e | ogic array (PLA) to determne a correct mcro-instruction

Va) Ue. ol Gor (T a0 el e b el AL IR0 bRRT 22 Moo sl 252
end 201 SPEIHEE 6t Moty AR Pptin gl MemaiapEcons AP eriuch indoen cache
230. (0061( ,Sone SIMD and other multinedia types of instructions are
consi der ﬁ:ogmg(mto primitives called micro-instructions or micro-operations (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 éncountersa complex macro-

instruction, the microcode ROM 232 provides the uops needed to complete the operation.

{0666 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-ins@ction, 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 tefers to a cniry 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-



I nstructions. Mdst floating point related instructions are also conplex -

I nstructions. 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
macro-instruction. The various mcro-ops needed for performng that

macr o-i nstruction are conmuni cated to the out-of-order execution engi ne 203
for execution at the appropriate integer and floating point execution
“units. (0062] The out-of-order execution engine 203 is where the

mi cr o- i nsFPFRO¥NZI % r Sfterghe pugrechde ROMSAIA firisies schfnending midro wpd €6y tRxecut i on

| ogi c: has a nunber of buffers to snpboth out and re-order the flow of

M Cro- i NS tuirsit kMofo-Stredfonihé FroREEf PE0BIGR: AScHiRE% i,pe! i ne
and get schedul ed for execution. The aIIocato?llogf%ﬁgTegﬁggégﬁFﬁg&?nachine

buffers apgnﬂﬁggg&ggéhéggﬁ each uop needs in order to execute. The register
renam ng logic renanes Togic registers onto entries in a register file. The

al | ocatorwglfo 2! | ocates an entry for each uop in one of the two uop
queues, O 6fbor énd pthermultinprdintypes ofrinsimtionsave yorgidarat comslex i n

front of the instruction schedulers: nenory scheduler, fast schedul er 202,

sl ow genewalrudtionsit Mogt fhwiting peinin exdated insOetiond Atk fidddhntblex ind@hitims P ANt
schedul er 206. The uop schedul ers 202, 204, 206, determ ne when a uop is

ready 10 RO haRRuARH Reoded 208 BASHNRLs 4§ Afhdief FREISE M uddiR ! 29" St €F

operand sources and the availability o ecut 1 on resourceés the uops
fast, schedul er, 202 of  this

g‘eegdit e Q@gﬁa‘g%@ﬁ{} "é(i)oaﬁ&gsté‘ic‘e‘ﬁ‘r’}ﬁ%‘f TI!;]H%‘PP'I%%IOH%H% teirgiEgvetheayicrasedpi | e t he
ot’her schedul ers can only.schedul e once per main processor clock cycle.
The -schedGii¥snee Lrthat maceo-strugtion. dihgyatiews misra-sps reederhfod pedfouming thar
execution. [00631 Register files 208, 210, sit between the schedul ers 202,
204, 206 magretinshaction are communicated to the out-of-order execution engine 203 for

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 ﬁon—memory operations, in front of the instruction schedulers: memory

scheduler, fast scheduler 202, slow/general floating point scheduler 2084, 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
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execution units 212, 214, 216, 218, 220, 222, 224 in the execution bl.ock
211. There is a separate register file 208, 210, for integer and floating
poi nt operations, respectively. Each- - register file 208, 210, of this
.enbodi nent al so includes a bypass network that can bypass or = forward j ust
conpleted results that have not yet been witten into the register file to
-new U dependent uops. The integer register file 208 and the floating point
register file 210 are also capable of .communicating data with the ot her
" For one enbadi qent, the inte?er register file 208 is split into two
separat e rcé'éf’ HF ths 9taer schpdulors ganserdy sehieflele boge pemendimprovester cldgk cyeid s of
data and a second register file for the high order 32 bits of data. The
f1oating pdierschednieri sbitmteffor the Hdpatch pore tesehedlileBays BasxekaBoRi t Wi de
entries because floating point instructions typically have operands from

executi on um T D17 0 Fjes T2 HOBIFAAL 3BedlBs 207 A b3l it ons

are actual Xecu | eqt i.ncludes the register files 208, 210,
that stor SL%CE’E‘“’?H?'&%&F' gﬂ‘{ﬁ]‘%@éﬁ’r 2@»&35&%5&& Fsertiondloek 2s These isehe
m cro- instructions need to execute. The processor 200 of this enbodi nent
i s conpr i TS registes filg,208, 310,dreintegeomd floating paitdvpsstig)Rspéctivelyl Bath ( ACU)
212, AGU 214, fast ALU 216, fast ALU 218, slow ALU220, floating point ALU
222, fl oatdgisterifid 208, 20,0 ik EmBadimednPalso i) ' - WL, L9, poi nt
execution bl ocks 222, 224, execute floatingﬁ%%?ﬁﬁgkgﬁﬁ&?dg%g gﬁkhggﬁ
oper at i ONfprw I ' | hi s..enbodi yent . i ngludes a 64
bt by 64 bi -fya??%§§’?’E§E%0’Pﬁ%{@f§?@:"g‘é‘fzg‘f‘d’qe§é§8J‘Fg?"&i‘de‘?“’%ﬁﬁ%f efHBAY and
_ ?'nainderd EQ%Q'Q§§'TFOL enbodi.nents of the present jnvention, any act

i nvol vi ng®&eBY Y 1t iThg 'esshreaisipy ule 208 apd thy flqgting point engisterdilp 319 are
hardware. For exanple, conversions_ -

Iso capable of communicating data with the other. For one embodiment, the integer

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 embodirnent
‘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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bet ween 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 wunits 216, 218.
The fast ALUs 216, 218, of this enbodi nent can execute fast operations
with an effective latency of half a clock cycle. For one enbodi nent, nost

1on @Upg poiRkasdyvare o Fey exapme.sonvgrsions | ons,
such as a Itiplier, shifts, flag |logic, and branch processing. Menory

| oad/ st or é’%ﬁé? Ategsn formrat aud, Bealingdbolint foimeat Slobve2il Boatidboift oégiéthi He.

enbodi mant@,_ ithr}teagi nteger ALUs 216, 218, 220, are described in the context of
per f or m n&in efloatiy pdinDAivsidedpbrhtibh haflRhRatUPESANE Soirt Qi e Lve
embodi nents, the ALUS 216, 218, 220, cﬁﬁbe il engﬁ’?feé@%‘?ﬁ%u%%%% a

vari ety obtidphaddhés ibRe]sUsHinG : w206, ete. Simlarly, the
floating point units 222,@5‘5‘?"“@’@? %‘di*%%%%%ﬁaé‘ah%ﬁ%wg‘we&r%@ of
oper ands {:g&iug%zblus.ofl vari Qus w . For one enbodi nent, the floating
point units ThsSimple. yery frequgng 9easatons go i@ the higle keagd ddtld exgpetiamds i n
conjunction with SINMD and nultinedia instructions. (00651 In this
enbodi ment™sHE, b sThedhgtdilids 2102328, Gfokis eaibbdinttns pai elecste PR 8p&htions
operationsiﬂl::efore the parent |oad has finished executing. As uops are
specul at i wih yn effedive ittt yafthatbaetoskascie) FBf SEESEY o0 ssor 200
%ﬂ;so includes logic to handle nenory r?isses. | a”ﬁgl?é"#oa rﬁq‘g@zlge%f’rn t he
ta cac rdtidAE So fPfe BBWIRRENER) t in . flight in the pipeline
e %% h a2 %:ﬂ@ﬁ{,@ﬁ]ﬂ? ;2(?”’5 D EtegsL eXecufion | o) gy

that have left t schedul er wth tenporari
s instructjons that use incorrect data. Only

mechani s d re-execut
the 23 TRk vtk Yor 10y faﬁ:ncy ype o(ta'operatlons, such as a multiplier, shifis, flag logic, and

i ncl udes i nt execu

conpl ex | %%gng%?oiﬂp\?fﬁ&%éc%ﬂ?s‘ﬁ% o0 the slow ALU 220 _as the sl ow ALU 220

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, 220, can be implemented to support a variety of data bits including 16, 32,
| 128, 2_56, 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 deﬁendent
operations before the parent load has finished exccuting. As uops are speculatively
scheduled and executed in processor 200, the processor 204 also includes logic to handle

. memory misses. If a data load misses in the data cache, there can be dependent operations
m flight in the pipeline that have left the scheciuier with temporarily incomrect data. A

replay mechanism tracks and re-executes instructions that use incorrect data. Only the
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dependent operations need to -be replayed and the independent ones are
allowed to -conplete. The schedul ers and replay nechani smof 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

" ‘processor frroma pr.ogra r's perspective). However, the registers of an
e o SR Ao AT S g

embodi nen efl fnbe walayed archibe Arflependenipenes rmalmweadytpe of
circuit. Rather, a register of an enbodi nent need only be capabl e of
storing afemplesyildi sohedatess ardrreplpp nfechanisng of fre: drbielimentordgvedds@Rdre her ei n.
The registers described herein can be inplenented by circuitry within a

processor alseidesighed iy caithiiirudiondedidt & Yor bigh B M4 frte §£SQ?€§}M igdi cated
€g

physi cal registers, dynamcally allocated physical reglisters using

regi ster I N j jons. of .dedi.cated an dynam cally all ocated
physi cal 1080 oetne SGRP AAKEBNYs Bog BRI Rreier it g e e mopslornomes
thirty-t\/\@ bit integer data. A register file of one enbodi ment also
cont ai ns @FAns theh preiusediaspag afimacagringtmetiornsde ideatiRoapedatia. IFothet Werds,
di scussions below, the registers are understood to be data registers

desi gned theragisters pfokettoduten asubdscaliatGe Visibke #érd ehd\ MM of BBipssREsr (al SO
referred to as "mm registers in sone instances) in mcroprocessors enabl ed

wi th MVX (feahnplopivrhiry ParesliveyOHRWeoL] 812 r0f DR khdid bl
These MW registers, avail abl ee§:i0n both’ | ntre g@%ﬁ%"%"%ﬁ%"?ﬁ%‘?'ﬁé n?tor ns,
cdn oper §e8fhn:qtih LB gnents. t hat, acconpany SIMD and SSE
i nstructions it | ar @?" %%&Rﬁ?&? cc?gc : l}azﬁ?rsg%gg‘?‘éifé{‘ eApodimentE2
t echnol O%aﬂ gl SO aﬁ ed.to hold such packed data operands. In this
enmbodi meft.- THY &F 6/ &%‘a}m d Provitins idaetnshpedfermingithe funetjpst deseritsbd not
need to differentiate between the two data types.

‘heremn. The registers described herein can be implemented by circuitry within a processor

using any number of different techniques, such as dedicated physical registers, dynamicaily

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 Inte Corporation of Santa Clara, California. These MMX
registers, available in both integer and floating point forms, can eperated 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 embodiment, in storing packed data and integer data, the registers do not need to

differentiate between the two data types.



24 100671 In the exanples of the follow ng figures, a nunber of data

_operands are described. Figure 3A illustrates various packed data type
.representations in nmultimedia 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 | ong and
contai ns sixteen packed byte data elenents. A byte is defined here as 8
" bits of data. Information for each byte data elenent is stored in bit 7
t hrough bil496@] f orlntihe exagiplesiaf thesfollowmefiguresi, & n8mber oftatasogkrandis ire23 t hr ough
bit 16 for byte 2, and finally bit 120 through bit 127 for byte 15. Thus,

al | avai | dicibél. tRigare3 Asiadirafes Viitous pabitddtfata (JHé Sepilsitadéhsah hﬂnﬁ&‘.@mt
i ncreases the storage efficiency of the proceSsor. As well, wth siIxteen

data ele i can _now be. perfored on sixteen data
clenent o o o SRPRIAE G uRmREGH of e i oM TioBn g S Pt e

pi ece of data.that .is sto %dinasinle regi ster or nmenory |location with
ot her dat YP&}RHaRR eﬁff)y{ s 3 RECKed Mgrd 320, ang a prekedalpublewordy(dovmrds330boat | ng
~to SSE2 technol ogy, the nunber of data-elenents stored in a XMM register

i s 128 bi 128 bitswide dp&ryndsh Tteqragked biyre foinhat 310 ofhis eeinpld dal 28igitsAoRg BRENT .
Simlarly, in packed data sequences relating to MW and SSE t echnol ogy,

t he nunbegontfingkiskiSerbpRRENbfte dila@Ic@ibnts) @Br%ﬁ&ﬁ&h%@agjﬁg%gfﬁa s divided
u

by the length in bits of an individual data elenent. e data

types il |isdhad; ' ' 8 bit.lqgn enbodi. tg of _the present
_.5i*“y\eent [ onﬂcan aﬁg?rgﬁ@r eegévat\)lat% ﬁ,ﬁ,g%? ist%rﬁﬂ ‘&g"g—f t%?‘f\‘-’@&'@??‘g}y&p%rb%’ésp The
"pgcked wor d f t Bé%‘égf this exanple is 128 bits |ong and contains eight
packed wo ug@éxtt fay ¢ Wt 2 Ehrouahui iyfordis % and Gnally it x2Qéwoughtbit X7

i nformation. The packed doubl eword format 330 of Fig. 3Ais 128 bits |ong
and cont dPhyte b %p@& kb dvalbbls Htsaraiused 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 paraliel.
[0068]) Generally, a data element is an individual piece of data that is stored iﬁ d 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 2 XMM
register is 128 bits divided by the length in bits of an individual data element. Similarly, in
,packe;d data sequences relating to MMX 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. Aiihough 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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data el enents. Each packed doubl eword data el enent contains thirty two bits
of 25 information. A packed quadword is 128 bits | ong and contains two
packed quad-word data elenments. (0069] Figure 3B illustrates alternative

.in-register data storage formats. Each packed data can include nore than

one independent data el enment. Three packed data formats are illustrated,
packed half 341, packed single 342, and packed double 343. One enbodi nent
of packed half 341, packed single 342, and packed doubl e 343 contain
fixed-point data elements. For an alternative enbodi ment one or nore of
packed haffHonmtionp A packed prrgiword gui28 titsdopmaridentiinstive [adiddnguad eort dita
floating-point data elenents. One alternative enbodi nent of packed half
341 is onelehientdr ed twenty-eight bits I ong containing eight 16- bit data
el ements. One enbodi nent of packed single 342 is one hundred twenty-eight

bits 1lon C ' =l t. .enents.. One.enbodi t of .packed
dounl e 345 08F o IVERER IRl iR GO S arRR SETEG: rech hacked b
dat a el engr}tés. It ugl | I bei1 appreci ated that such packed data formats may be
further eS¥BfHLRclugeB1qre fhanogr wdspendentdata clement Twegpacked dasa Gumists ase
160-bits, 192-bits, 224-bits, 256-bits or nore. (0070] Figure 3C

i | | ust r at Blusiyaied;mackes hpheH lapatked singledd 2pankedkabdauble/ P, Qepemiseivhait ons
in nmultinedia registers according to one enbodi mrent of the present

i nvent i onof pdokédmersAapkadd kingR J%E{al\}lﬂi)sﬁ‘d&@& HbISHB ddnkdin tﬁ_&@&ﬁ?m} Bg,St or age

of an unsigned packed byte in a register. Information tor each byte

dat a el engat, .. 10,0l en. t hrough bi.t zer, r, byt erq, bit

iy teon Ao EbtiEekbapk bpSERESH, Gl GHoce B e a Palrdn i bedal

st’xt een f byt e , d_finally bit one hundred twenty through bit one
?%lff%aéifé?d?@?e

hundred tWen B4t way pontaia floatpgrpoing data slementsh Queliemative used i n

the register.
embodiment of packed half 341 is one hundred twenty-eight bits long containing eight 16-

bit data elements. One embodiment of packed single 342 is one hundred twenty-cight 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 exténded to other register lengths,
for example, to 96-bits, 160-bits, 192-bits, 224-bits, 256-bits or more.
{0670} 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 e!emex;t is stored in bit
seven through bit zero for byte zero, bit fifteen 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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- This storage arrangenent can increase the storage efficiency of the
processor. As well, wth sixteen data el enents accessed, one operation can
now be perfornmed on sixteen data 26 elenents in a parallel fashion. Signed
. packed byte representation 345 illustrates the storage of a signed packed
byte. Note that the eighth bit of every byte data elenment is the sign
I ndi cator. Unsigned packed word representation 346 illustrates how word

seven through word zero are stored in a SIMD register. Signed packed word
" representation, 347 i Lmlar to the unsigned packed word in-register
repr esent %ﬁ%“b%‘%&é.?ﬁ&@‘ﬁ@*aﬁmv- Steged packed biterienspientstion 345 ilstrdtesiditea el enent
is the sign indicator. Unsigned packed doubl eword representation 348 shows
how doubl &iR&rag ofasigned patked bymr dNcs¢ thatthe efihgiisitoPaekeblyte Aol & the
representation 349 is simlar to unsigned packed doubl eword in-register
r epr esent aighGididds. UVNaidel B 1R ol he thirty-second

o each o S Bl A Ry S

bit of each doubl ewor a el enent. I gure I on of

one enbodi oper at i on i ng (opcode) format 360, having,

i y- ¢ et Bord e PRSI SIS oafutro SR eeched i resiongg i A
correspondi ng.with a type of opcode format described in the "I A-32 Intel
Ar chi t ect li‘rsé'gﬂ"gd? thepsizned prokesd wosd iaregister erireseatagion B46.t NowitharthSet
Reference,” which is which is available fromlIntel Corporation, Santa

G ara, Crsusiecathditwdrehd: wodatatedicrhinid thatsign ifdithtof ODhRER AN ckdd EfiBidword "€
type of sign operation that nultiplies, may be encoded by one or nore of

fiel ds SGkpRachifor 346Rhb0s i BRRERBH 0L AERONS R LASEIUEL Lo gBYDe

ddentified, including up to two source opera
ofe enbog BRWk S|: st ruction, .destination operand identifier 366
is the sg&rlrjél as ggﬂe E%grgﬁté‘g’an%g 'F&E?ff“\r 19 upsigned pagind doyblemord Hresister

enbodi nent, destjnation operand )
representation 348. Note that the necessary sign bit is the thirty-second bit of each

_ .doubleword data element.
10071] 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 atype of opcode format described in the "IA-32 Inte! 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, iﬁc!uding 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
identifier 366 is the same as source operand identifier 365. Therefore, for embodiments of
a sign operation that multiplies, one of thé source operands identified by source operand

wentifiers 364 and 365 is overwritten by the results of the sign operations. For one
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identifier 366 is the sane as source operand identifier 365. Therefore, for
enbodi nents of a sign operation that nultiplies, one of the source
operands identified by source operand identifiers 364 and 365 is

,overwitten by the results of the sign operations. For one 27 enbodi nent of
the sign instruction, operand identifiers 364 and 365 nay be used to
identify 64-bit source and destination operands. (0072] Figure 3Eis a
depiction of another alternative operation encoding (opcode) formt 370,

- having forty or nore bits. Opcode format 370 corresponds with opcode format
360 and cemprdimest cfithogpge onghctpmebperahl/identets 36dmdt 3G3emaf bsugd toper at i on
that nultiplies, mybe encoded by one or nore of fields 378, 371, and 372.

Up to twojdemedacthil Qudld MASiestRfion Bsdrittst i on may be identified by source
operand identifiers 374 and 375 and by prefix byte 378. For one enbodi nent

of the si L NSt RUCE | . prefix byte 378 be used. to idenfif 28-bit
sour ce an@B St | églfrgcnl&olﬁé‘r‘%ﬁﬁg?’“ y&ﬁm éagg%ﬁtd‘fcr@?fa“&f‘ef’ g éﬁcgde

i nstruction, destination operand identifier 376 is the sane as source

oper and i ¢anug ¥70ehavarg fortyms mage biss. t @pende iforenat A0 comespondsdeih dprade émmeper and
identifier 376 is the sane as source operand identifier 375. Therefore,

for enbodié@eimd soniprisdseansoptiondlpediol 510378. MHie typé bf Rk oper@tivh Bbt hii@ipRaUr ce
operands identified by source operand identifiers 374 and 375 is

Qver ol | bl B erchlied 2bMd i oflre b Rcfdl 970 ST Bt £AS LI IR ARTHAGHRO 21

370 allow °register to register, ry to register, ter nory,
regi ster by.register, register.. b | medi ate, register to _nenpry addressing
Speci fi e&e¥W5§§?‘t°ﬂu§)ah\féﬁj%F%'ﬁd‘sb)éesma pe) ld&ﬁaﬁﬁy 34pendAZp and by prefix
al e-i ndex-base and di spl acenent bytes. (0073] Turning next to Figure 3F,
in sone divtesYT¥atFoy eneambediment of thésigh instractingl, prefixhyte 3R ey berudetitpl e dat a
(MVD) arithnetic operations may be perfornmed through a

identify 128-bit source and destination operands. For one embodiment of the sign

instruction, destination operand identifier 376 is the same as source operand identifier 374.
For an altemative embodiment, destination operand identifier 376 is the same as source
operand identifier 375. Therefore, for e-mbodimcnté of the sign operations that multiply,
one of the source operands identified by source operand identifiers 374 and 375 is
overwritten by the results 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,
{6073] 'fu::ning next to Figure 3F, in some alternative embodiments, 64 bit single
instruction multiple data (SIMD) arithmetic operations may be performed through a

| coprocessor data processing (CDP) instruction. Operation encoding (opcode) format 380
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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coprocessor data processing (CDP) instruction. QOperation encodi ng (opcode)

-format 380  depicts one such CDP instruction having CDP opcode fields 382

and 389. The type of . CDP instruction, for alternative enbodi nents of sign

. or absolute val ue operations, nmay be encoded by one or nore of fields 383,

384, 387, and 388. Up to three operand |ocations 2::8 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 values. For one
enbodi menPel IRREICYemmay be idvotfied, éncluding up bpbvatduose dpsrand idantifiess 388 anat eger
data elenents. In sone enbodi nents, a sign or absolute value instruction
may be ex390unedne dpstination abériind idehiBera88diCint ' ign or
b T

absol ute val ue instructions source data sizes may be

In sone @&ipg n f ' a I al.ue instruction, Zero (2),
negative (N) ,gglg?’r {/é’ 8 %) zjn%a%l!d‘gl p‘éé\?{éersf &%\%#{ﬁm&%@g% ¥ Xho] sefgiseraBis sl vp
the type of saturation may be encoded by

fields. For some instructiaqns, (
field 384‘?P°i"(55'8‘?4ﬁ P"rff"g{’j‘r"’é oR ptgeer dplaslamentsn gnsamerembeditaerts disiganr absoliitegi ¢ t o
performa sign operation on packed data operands in accordance with the
present |YaleinstowgtioEmayderesatiged ahditivnally, asapicofditive AtidB381C For Béne si gn

i npl emented to function with various types of operands such as those

descr i becbrabalete viRaE iiiiractiondl R aalspids nidy B8 cRORICA by Hoka b, A spAance Lo
the present invention are inplenented as a set of 1 nstructions 10 operate

i fi ; d sj b S| G\B
Phst ot (aieop s ST of MsobBAR R 88 47 () Mol B fory X n,

' "pgcked si_gn wor PSI. instructjon i s to_cause sign operations on word
data t ypé’g?’ﬂﬂ“’p(g’} L@%ﬁcg‘%&b‘eﬁ&ﬂémm Bejdenbyr somsrinsteuctions, ithe type ofer f or m

sign operations that nultiply on doubl eword data types. Although these
. saturation may be encoded by field 384. :

[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. Embédiments
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 .sigﬁ 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.
19675] The PSIGN instruction for a sign operation that multiplies of this embodiment

begins with two pieces of information: a first data operand DATA A 419 and a second data
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I nstructions have different nanes, -the general sign operation that
multiplies perforns in a simlar fashion. For sinplicity, the foll ow ng
di scussi ons and exanpl es below are in the context of a packed sign (PSIGN)
.instruction to process data el enments. 100751 The PSIGN instruction for a
sign operation that multiplies of this enbodi nent begins with two pieces
of information: a first data operand DATA A 410 and a second data 29
operand DATA B 420. For the follow ng discussions, DATA A, DATA B, and
"~ RESULTANT are al.ly referred to as_operands or data bl ocks, but not
restrict eap%@“@@%?h‘\, hé%& P& theifpllowing dissysians; BATAcY BAZA Bjands, and nenory
| ocations. In one enbodi nent, each sign instruction (PSIG\B, PSIG\W
PSI G\D) i RESHJT iaret genoradly mifemral opsoatiands or dam Blocka] betmdaidsiRid@ndodi ment
each instruction my be decoded into a various nunber of mcro-ops to

perform t mhsmmmemuh%gigas,tregisféah?cspﬁﬂ&ﬂm IE&EioH)ilﬁo%%H}%g&‘mén e

operands 410, 420, are 1 bit wde pieces of I1nformation stored 1Tn &

source regi r: ' i a ele ts. In one enbadi nent,
t he oper aﬁ%’sﬁﬁ‘dé Eg 8%{(%5?\? e#ﬁ*w?%ﬁﬁ%h ’Bﬁ‘é‘:"gg‘illﬁt? 8Yf EPYpeidlieRh as
128 bit E2 XMM r.egifpi]er,s. For ~one enbodi nent, the RESULTANT 440 is al so
a XWM dat & 3jicaiaiye ephpdimspinsach instpeton Ty bediecodedjntalasaribes pireberare

regi ster or nenory |ocation as one of the source operands. Dependi ng on
the parti®ifreops topesfoemtthe sign ppértioropethadds aperhnd € IFSrithiE exafpled@e Ot her

| engt hs such as 32, 64, and 256 bits, and have byte, doubleword, or

quadwor d ggerads 40RR0SAE TR b widl 5#&9&&%%@%9&%&?18&%?{&&&&( this exanpl e

aane word size, the sanme concept can be exten yte and doubl eword

stzed el Le. I af a. ands are 64 bit wide, MW registers are
used i prEsermeldE faliaf woft SiREL YGRS ribodTigaE e Pt A0 s
exanpl e i4sl comgrli sed_.of .a set of eight data

0, are held 1n 128 bit long SIMD registers, such as 128 bit SSE2 XMM registers. For

~one 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, AS, A4, A3, A2, Al, and AQ. Each individual data element corresponds
to a2 data element position in the resultant 440. The second operand 420 is ;:ompiised of
another set of eight data segments: B7, B6, B5, B4, B3, B2, B 1, and BO. The data
.segmf':n'ts here are of equal length and each comprise of a single word (16 bits) of data.

prevcr, data elements and data element positions can possess other granulanties other

than words. If each data eiemen_t was a byte (8 bits), doubleword (32 bits), or a quadword

30



el ements: A7, A6, AS, A4, A3, A2, Al, and AO Each individual data el enent
corresponds to a data elenent-"position in the resultant 440. The second
operand 420 is conprised of another set of eight data segnents: B7, B6,

. B5, B4, B3, B2, B 1, and BO. The data - segnments here are of equal l|ength
and each conprise of a single word (16 bits) of data. However, data

el enrents and data el enent positions can possess other granularities other
than words. If each data el enent was a byte (8 bits), doubleword (32 bits),
or a quadword 30 (64 bits), the 128 bit operands woul d have si xteen byte

wi de, f oukb4iitshiteabi&ibihperrsandsiwaulbhavgsaiesr by toville, fhat dowlilenedtveide, or two
respectively. Enbodinents of the present invention are not restricted to

parti cul anuddergd idiedata elpmems despRtti €6y, SESBORIhE of ARbrERAt RSettdtle not
appropriately for each inplenentation. (0077) The operands 410, 420, can

resi de ei ' ' Lon,or regi.ster file or a
m x. The gégtﬁgtéggggﬁﬁghiifg;th%&&dg@ééﬁ{iﬁgg‘g eénss?‘bcﬁ:a@o%ﬁegt lon logic

430 of an execrga}ti on uni,t. i r] t he processor along with a sign instruction. By
the tinme CHPEOPTECIHIqrsach implementationenes the execution unit, the instruction

shoul d have been decoded earlier in the processor pipeline. Thus the sign
i nstructi 887dan Béeioperands 418; A20 Camrasidereitherdp amegistenor(ainpiony losfiva d@taher
decoded format. For this enbodinment, the two data operands 410, 420, are

recei ved mpister Gl ok She@atd Q@tmndé 300, 4206ars k4R (CHER | 1§eic 430
sel ects the sign value or si gnﬁ% for each data el erren%gng%‘oh@&gt@?rkg%coperand

410, | 440K}l L QE I ] t he .yal f the d l. t in the
oy esporil e 5 xscuflbn Shidth 8 otttk Mohl Bl A B RetrboS et S B™edtY pl aces
the product f o[_u&i-hat nﬁl t'hgl ication into the appropriate position in the
r esul t ant™SF4BSTUAIPR ERGReS the eXpehiomynit dprcigpiruction showld heyedrepn deeadsdi on i s

di scussed here, other methods and neans to achi eve the sane desired
| earlier in the processor pipeline. Thus the sign instruction can be in the form of a 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
multiply 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 algorirthm to leave a value unchanged,
set to zero, or changing a sign from ‘+’ to -’ br Vice versa.

| [6078] This précessing of the si'gn extraction and muitiplication 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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results as a nmultiply with a nultiplication are possible. For exanple, in
one enbodinent, nultiplication can be performed with a nultiplication
unit. In another enbodinment, the sanme results can be obtained by logic to
.process an algoriithmto | eave a val ue unchanged, set to zero, or changing
a sign from + to "-' or vice versa. 100781 This processing of the sign
extraction and nultiplication is repeated for the entire set of data

el enent positions in the first operand 410. Al though the data processing

“of this engi)%dai nment Js cor?)r.i s-e}g of the sign extraction and multiplication,
the terns PSIGR™ ¥ SiFBCRE2EPM that mullipliss'gpey alse buset genavallyt kept toosferemy al so

be used generally hereto reference this data processing. For one

enbodi nentthisidaia pregessing.eRemne embodahdnt,ahe tite clbatentsTosilt 6 QRS datd pBsiRbpcessed

in parallel. In another enbodinent, a certain portion of the data el ement

posi ti ons aceprobess@l MGREARY IQREIREEMBSdifichi ; Ch Lant (440 is
conprised of eight products: B7 X I%I GI{IA%: ’ggeﬁﬁgpgﬁﬂﬁéf&?gg@’s‘?‘%, B4 x
SI GNA4,  B3o%tighd o _ .. Bl X G\IA]ﬁ,adBOx_SIG\IAO. For this
enbodi man?5 0 5’%‘% S| }ﬁﬁ&?ﬁ?ﬁé&%%ﬁ%ﬁﬁw ‘-’rf&?ur]@“bl%ﬂﬁdwp@ﬁﬁmd ofeight” +1'
for a positiye gggﬁr number, a -1' for a negative non-zero nunber, and
a "0 for PROWESLB7 KiSIGNa7. 43¢ % SHa Aes BSonBI6IV aveR4 x\BIGNg., Hiex SHEN L, B2t ur e
allows for a "+0' and a -0', both types of zeroes are treated as a zero,

wherei n  SHeNsi, BAunSI6iNg) gl Bk SEGNL,. t o this leboliaidan thd s‘i%:ﬁirﬁ/or &Q@Zﬁée Figure
5 illustrates the operation of a sign operation that multiplies on data

el enents (SIGA:S GrdadeLelwnbh i@&&ﬁfmpéiiécuri ewxﬁ{nﬁilcg&?ﬁégéfeyt_zi -o‘é%&?g%{‘vgnme

ishgn operation of this exanple can oce _ stgn'c : | ogi c
(0 S8 i ST SRR LA LA o Ui
DATA EL ENaErc ite'g‘tu?él' gﬂov]:fsr fora Q+(;’i al;l?lta ‘%qf t?otl? Ft))geg ggzgggs a?e treated as a zero, wherein
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 exampie,
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 BASEB.
[0088]  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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second data el enment, DATA ELEMENT B 520, from a second data operand are
brought together. Each data elenent is conprised of a value having a sign
portion-and a nuneric value base portion. For exanple, DATA ELEMENT A 510
-is interpreted as a nunber 512 conprised of SIGNA and BASEA. Simlarly,
DATA ELEMENT B 520 is interpreted as a nunber 522 conprised of SIG\NS and
BASER. 100801 During the sign operation 530, the sign conputation |ogic
_takes the sign value of the first operand, SIGNA for DATA ELEMENT A 510,
and nmultiplies.that sign value _w_th the nunber in DATA ELEMENT B 520. In
one i nst agwf’?’f‘ﬁ‘én}“é‘ﬁﬂ{?aﬁ‘%“ PRETHIONGIB 1¢APORTE to B vabysrofiSIGhke Timelsignpdrdat | on
operation in response to the value of SIGNA. The sign portion for a nunber
can be nefutainnmber cardbe mrgaiivd V2 or positiveTe’ VRheRaldOpdrion oPA ndmbid8beGan be a
zero 0" or a non-zero value. For the sign operation of one enbodi nent, the
| ogi ¢ bi Ngerb '@ orfal domt Ip&qﬁ A : t ryes..positive
“+', zero "0, or x%oz‘gzgﬁiﬁ?/%ué-' . Sl?ﬁr{e’&r |]rs(?1‘0c§'t§{%g'%§fhgr?%§ftqg%h¥“f %’P'f)g’fi tive,
meani ng i ' I.s positive, then the result 540 for that data position
i s essent ?gsf ?Jf/tg? fer egg’@g%%"e {HreE FRRBTCSEBRF e & 2er0, 9", T Begativeve - T B i s
treated ES a multiply of the second data el enment 520 by a SIGNA equal to
Y41, | f hRbdatp plemegbd ) is positivermraanigltsi sigzie positivd) ehesi theiresalt 540 61 thite i r st
data el enent 510 is disregarded as the zero is essentially calling for a
mul tiply dita positicreis essdnsiallyethe b oRa tata 2enkint szﬁ@%@ﬂg@éuiw}&s@ﬂsqmawﬁhi ch
yields a result 540 of zero. If the first data el enment 510 1S negati ve,

TS Gor o 3 BT STRAREH o R S0 51 1S 6L TRl
i ' The result 540 of e sign operation

- t 520 by .a. S| GNA | to ="' th
that mul te?° it 579 15 zer0, thuem yalpie ofthe dizshdapsdemens §10 i disrggard e zero is

essentially calling for a multiply of the second data element 520 by a SIGN, equal to zero,

-which yields a result 540 of zero. If the ﬁrﬁt data element 510 is negative, 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 ‘SIGN, x DATA ELEMENTY’. In
another embodiment, the logic may be able to multiply the sign values, SIGN,, and SIGNg,
together and apply the resultant sign value to BASEg to form the final result for that daté
element iaosition.

[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 multiplexing structure and logic to evaluate the
- sign value of an element from the first source 'operahd 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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ELEMENT A 510 and DATA ELEMENT B 520 is " SIGNA x DATA ELEMENTR . In

anot her enbodi nent, the logic may be able to multiply the sign val ues,
SIGNA and SIGNS, together and apply the resultant sign value to BASER to -
.formthe final result for that data ' el ement position. 100811 Figure 6A is
a bl ock di agram of one enbodi nent of a circuit 600 for. performng a sign
operation that nultiplies in accordance with the present invention. The
circuit 600 of this enbodiment conprises a nultiplexing structure and | ogic
" to evaluate the sign value of an elenent fromthe first source operand and
t o ef f ect packed detablgk dersimplefying thel distussiont Fattheingme, vid logicv§00Masahown for
correspondi ng el enent fromthe second source operand. The circuit 600 in

Fig. 6A i ishexEleihest poBitiof 2hReAsRRMIIPR ThdARRiOs & thé Sarfd eiéaﬁti&ﬁ&&i}.t ant 33
packed data bl ock for sinplifying the discussion. Furthernore, the logic

600 as sh t.hi nt.position c exist in myltiple
i nst ant i atﬁl r?fg&rgr? nttﬁéﬁasrggn%lgre@ ??.I ?"é%tpou ﬁl“.“mre’fjé%ghﬁf'ﬁcé"toeﬁe’?‘ﬂgs p&rticul ar
i mpl ement ati on, nunber of the circuit elenments are extrapol ated out as
needed f o‘i’x“ﬁaﬂ%laffgWF aenesterblor therdeguedinumiparhdata efrmpentsy iopexampler with e ght
data el enents, enough multiplexers and adders to handle all the bits of the
ei ght dat eightelamienentsymyough miigiplexedslayd pddse it han@lenilll the bigs of the elghtddta be
sixteen instantiations of the circuitry to handle two operands having

Sixteen dabfiertd £EPBE pRAKAIlY bResaR0 SHRIa@IRGE BRTbq sifRHPindantilifods Ot | ke

t he adder 614, for instance, may shar anong all the data el enent

osi tions.; ' nt ati.on,, the circui,try is_capable of
E ocessi ncgimlﬁggﬁgga@g?ép‘gé%éﬁsgﬂﬁgg ST dﬁfae‘ﬁ%f&?f& e@‘f}’edéﬁfmﬁ‘fi%i tions can be
b?ocessed t{(}Hrou h the Iogli c. together. 10082) For this enbodinent, a
portion SfYAES gerof the Ingicdikg thepdden 14 foinstanaghmpy ghared among all the

data element positions. In yet another implementation, the 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 600 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 singie 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 thié embodument, if a sign
.éperation s 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.
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wi th other packed operations in order to reduce the device count and
redundancy. The <circuit 600 of this enbodi nent receives input data
el enents from source operands and outputs a resultant data el enent for a

- particular data el enent position in a resultant packed data operand.

Al t hough the source elenments, SRC X 602 and SRC Y 604, are referred to as
single data. el enents here, it is understood that these elenents are part of

| arger packed data operands that are acconpany a packed sign instruction.

" 1n thi ' | d | ,. SRC X 602, i | ed
TR0 L s G35 T S o

to a two input (2:
operation of For this enbodinent, if a sign operationis

t 2:1 mux..
bei ng ser WB‘@B‘E%W @82sdnvpsied 60R endrosn-G06rted6@ULsions. NE 2 sn dpaaitioh &
coupled as the second input to the nux 606. If another type of operation

i s being mmwme@smmzza@@gmﬁﬂeambugﬁﬁ X602, 34
10083] The second source data elenent, SRC Y 04,tﬁ€gpgﬁﬁggh%l§b%§ai rIr“e * s

coupl ed t @xamme!the invértdd VL0485 %?ggﬁg%gggﬁ;g%&aﬂﬂq%g n_%%ggtg@g(??%@ mux

versions. If a sign operation IS

608 to ou he.q ted input 605. In this exanple, the inverted
‘version ag‘g%‘f‘;‘%&%&“‘c%!} t9ap dddes 64¢h The arux ontphits GiR, 602, ard Fisst akd\o

muxes 606, 608, are coupled to an adder 614. The nux outputs 610, 612, are
first andScc8RuRdsi ispracHyelyctopdder 61dl Ydden6 Belides adiltbaethetiel infdd 14 S t O add
together its inputs to generate a sumat its output 616. During a sign

SV o0 e T Secona 1 o15 He Elki b b B e
o O S e YA e S
Negati Ve iy thd iried SRC Y 605 to 0 603. But the inversion of SRC Y 604 of this
embodiment basically causes SRC Y 604 to change sign from positive to negative or from

. megative 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 contro! 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 0f SRC X 602, N being a number of one or greater, are
2lso 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

_ -eiample, 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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negative to positive. Thus, the inverted SRC Y 605 is essentially causing
the adder 614 to mathenmatically subtract SRC Y 604 from'0' 603. The

out put 616 of adder 614 can be represented as the sumof "0 - SRC Y'.

-100841 The data bits of SRC X 602 are al so 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) nux 618 and
as an input to a |ogical NOR gate 628. The zero detection of one

enbodi mentindisatingrtharSREEIXi 602pan abh-ebroniafue. t he addi ti on and does not create

any new critical timng paths. The N sign bits 620 of SRC X 602, N being a

nunmber of feggsjor wn@%bﬁﬁ of &ftrol %Igﬁﬁsﬁwe&ﬁﬂ'ed@tﬁé@ﬂnﬂgwﬁodﬂ% fPdefecb28 and
as a control to the 1 mux 618. is NOR" gate 628 1s to output an active

hi gh sign n are ct| 0 n he NOR
gate out pﬂ’ %é?ﬁ alIPﬁ &’anav (F)‘#p@gf ﬁeslu 6\éﬁu }gfvabieéﬂ%ﬁpj@%icyl

i ndi cating that SRC X 602 |s positive, and the input of the zero det ect or s
result is wnd the spn phd) <8RCNY’ ¢h6zare Smpled BORPYLS tosthe - mux 618.aFerdhis] 0085]
The group of control signals 634 coupled to the 3:1 nux 618 operate to

sel ect t lembagintenpthasignadaéid aalioieadse ontibPtie inpats'te b8 kéladttd Gitcofdahé: tval ues
of SRC X 602, SRC Y 604, and the sum of '0 - SRC Y' 616 are coupl ed as

| NpUt'S 10 ohbBf Rirek SMNIELB ThE Bhstle esansgmn Fit rc%@?e@enggﬁkfx ?ﬂ e tO

cause one of the inputs to be selecte ance one o

situations i rst e ari [st sourc | ement RCX 602 i's
761% zero. FWOE%%&’CW?&%EFH@OE Btﬁ(f ?§6é‘+ s ke mudip 1"’3 geme WiFtiplied by
ro. This condition is indicated with the zero detector output 626. In

this situgeadsien xpmgilq:qﬁ%mtbfhcng detector output 626. In this situation, the input of SRC

X 602, which is a zero value here, is selected and outputted as resultant 630. In this
embodiment, this zero condition the other control signals 620, 632, are trumped and a zero
is outputted regardiess 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 positive and a
non-zero value. This condition is indicated with the NOR gate output 632. Essentially, the
second data element 604 is 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 resuitants for this and the other

'data element positions are packed together into a resultant data block having the same size
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X 602, which is a zero value here, is selected and outputted as resultant
630. In this enbodinent, this zero condition the other control signals
620, 632, are trunped and a zero is outputted regardless of the sign val ue
.of SRC X 602 and the contents of SRC Y 604. 100861 The second case arises
If the first source elenent SRC X 602 is positive and a non-zero val ue.
This condition is indicated wth the NOR gate output 632. Essentially, the
second data elenment 604 is to be multiplied by +i', which will yield SRCY
" 604 itself In this case, the input of SRCY 604 is selected and out putted
as resul t sathessyreeata aperands.cBerexamples ghe jourdeepatkedsdats opyraeisakesrat 128RC X
602 is negative and a non-zero value. This situation is indicated with the
N sign bi thét Gide, thé reSRGNKpEARd dalaitISLKIs b 88 oR T2 @61t iGe, Rl ue i f SRC X
602 i s negative and an active |ow value if SRC X 602 V35%03|t|ve. In this

case, the gy 0 - .Y 616.is selected and.outputted as
resul t ant Fggg%ndééssﬂﬁ% a; I ﬁiao(gq%& rﬁigaogﬁcsﬁ %qcéaﬁxo&cagﬁ@ng g2 reiftst®ied as a
-1 and the "O.- SRC}%% cal culation is mathematically equivalent to a

mul ti pli c AT icatigi 6’6‘ﬁ8’"%8@’&’@&@@?%“1%@@1@@43%3blfalkf(arstw1ite$ﬂae‘daﬁa' .

For this enbodinent, the resultants for this and the other data el enent
posi t i ons ththe SPMEXegistes fustameof ithet soume deudpeantis.dat a bl ock havi ng the same
size 36 as the source data operands. For exanple, if the source packed data

operands {00874 FigdR%GB niatbmmag;mwaﬁamhtaaﬁoagﬁgma%a;égw?& 's al so

64 or 128 bit w de, respectively. Furthernore, source a oper ands

for a sigﬁerggﬁ{- | ¢ f register or .a nenory .l ocation. For

t&? s enbodi mant"?é%ﬂgn ?@%}?ﬁcﬁgﬁtupﬁg&@% ﬂ%}%ﬂgfeggrg BXFRPRE %Elettﬁ%c‘ﬁ%’ﬂ‘a in .

tHe STMD register for one.of the source data operands. 10087] Figure 6B is

a bl ock di5gEERTEAn ﬁ8‘f’i?§$‘°%%?66§1f it tBe enezql sehange guOfunesionaliordfdhisi ng a

sign operatjon in _accordance with the present invention. Wiile the circuit
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 agd to muitiply 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
resultant 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
'dgtcctor logic 624. The zero detector 624 is to detenmine whether SRC X 602 is a zero, -
SRC'Y 604 is coupled to the 3:1 mux 618 and an inverted version 613 (-SRCY)is

coupled to an adder 614. The adder 614 is to add the inverted SRC Y 613 to the other
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arrangenment 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 enbodinent also includes a multiplexing
structure and logic to evaluate the sign of a first data elenent and to
multiply that sign with a second data elenent. This circuit 650 is shown
and described in the context of a single data elenment. position or slice of
. the. resultant packed operand but the apparatus and mnet hodol ogy can be

ext ended ied . to various |l.ength gperands based on the
parti cul a?aal t!érrl’r‘iﬁ‘(’{ﬁ gpl girj\ﬁ% FRGLO obtaina sumhat dfs quitpit 6 25 eR¥addng an mvgrtedB can

be replicated i order to serve-nore data elenents. For exanple, if the
oper ands B2 Y04, Hel adderig adding ewn vdtit regeli enSREC Y)os inatenmticillye
circuitry of Fig. 6B can be expanded to support the sixteen data el enent

posi t i ons suliteREBI SKIGEY done t0° TEEBuhit 614 for BrRdEIEAts r@cgkge@ %ﬂ%‘t data as
a first data elenent SRC X 602 froma fi rst packed operand and a second

data el engafp lﬁxtﬁgﬁlgqm §ndfhgagi< @f{@g’drszﬁ%@ 2 |s coupl ed

to as an input to a MuX to-zers torhe zero

_detector IS 1 ne V\/oet her SRC X 602 is a zero. SRC Y 604 is
coupl ed tg“’? an gg%@@? $Yand -an inverted version 613 (-SRCY) is coupl ed

to an adder 614. The adder 614 is to add the inverted SRC Y 613 to the
other 37 88l i rihetoutpuosigealZ6mr il zere datectot draaltt62iis eoupld A8la doholOUt put
616. By adding an inverted version of SRC Y 604, the adder |s addr ng zero

V\Ath negasijva tSRE 3Y1 mak mtah@mbh@&l inéut t%%ﬂﬁﬁﬁtﬂggl g0' . The
tput 616 for the adder 614 is coup as an i nput to

DT i iR o il
| ¢ '7 reuit 6% fier ﬁ:?)gp tloetgc %Ragacxg 25&5 The output 632 of the NOR gate 628 for this
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 602, 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 is a 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 selected. In the second case, SRCY
604, which is equal to ‘SRC Y x +1’, is selected. For the third case, ‘0—-SRCY” 616,
~ which is eqaal to ‘SRC Y x -1 is selected. The resultant for each data element position is
-packed together with others into a resultant data operand. |
[0090]  Figure 7 illustrates the operation of a packed sign indtmction on a plurality data
elements in accordaace with one embodiment of the present invention. This is an example

- of the instruction “PSIGNW DATA B, DATA A”. The PSIGNW struction is {o cause a

sign operation that multiplies to operate on word size data elements in the first source
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signal to the 3:1 nux 618 and also as an input to a two input |ogical NOR
gate 628. Simlarly, the N sign 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
-output 632 of the NOR gate 628 for this enbodinent is active high if the
sign bits 620 and the zero detector output 626 are both active |Iow. The
NOR gate output 632 is also coupled to the 3:1 nux 618 as a control

signal. This set of control signals 634 is to select one of the three nmux -

" inputs 602, 60 6 ut. as the resultant 630 dependi ng on which of
the condi tl?aéiﬁf‘éjddé’ff@ég?*\#%ﬁ YhF s g pecang poives paskediepaaichBATALAVIO1 f Ghe Fi g.
6A, are: (1) SRC X 602 is a zero; (2) SRC X 602 is positive and a non-zero

val ue; andiefiptiortie ig@lzo iapplitebletto vthenpatked sigh iFstiubtiond! ike PSTQNEB duae first
case, SRC X 602, which will be a zero, is selected. In the second case, SRC

Y 604, WHSIGNDs 186kiskexifpleSREsitnX fidth onel tad. For .. hird case, 0
- SRC Y 616, which is equal sib¥ ivh apelsBubE UG R ord Bpibd fy e vl 50
for each _ it.ion its. .packed.together with others into a
resul t ant %‘?‘E'eégglﬁe@?%ﬁo%w“wﬁw@a‘? q%ﬁ“&gPF%Eé%‘hF‘Hé ogggarzed i aof a
packed si %n instryction on a plurality data elenents in accordance with

one enbodUfEIRRE datp stopres dlewice Tl chig twe solitdevpemnds) IXBAPL 201 afd DATA B
i nstructi on "PSI GNW DATA B, DATA A'. The PSIGNWinstruction is to cause a

si gn oper dl1,are tachromptisedf cight backep ehateferidhtd W tHistkafpRaiudl gent s in the
first source packed operand DATA B 711 and the second source packed operand

DATA A 70fesuitdie 72 fepGhisRink#da; ' pRlicabl e to.other packed sign
instructi ons 11 ke PSI GNB agr?gun%{é’lecékﬁ??{h%%? %iegénée Wngve{l fret té’ﬁ@ °f 2 8¥tCone

sdurce d 7 r pli | u of __another source data 711 via
mul tiplica .%ﬁﬂ't“?f ‘%‘%?&“%1 7§Pp[>‘gi§§}£§ 7{f apd ?‘ES&HJM dal idatadlacks greseach 428 on
devjice 721. The two source operands, DATA A 701 and DATA B

: (;Izitla Zﬁ gr@gsgﬁn%owqegggre@;hcéq €12 blogkswsd reideinghemenytandion radistasexanpl e, as
does the [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 1o suffix..
Accordingly, the sign for each data element in the second data operand 701 1s 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 70i, 2 °0” 15 also entered in the corresponding resultant data element position. For
one emﬁodiment, the processing of a sign operation that multiplies for one or more d;ita
cigment positions in the source data 701, 711, can be perform in paraliel. -
[0892)  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 %, 00,
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resultant 721. In this enbodi nent, each of the data elenents involved is
eight bits or a byte w de. Thus, DATA A 701, DATA B 711, and RESULTANT 721
data bl ocks are each 128 bits long. Furthernore, these data bl ocks can
“reside in nmenory and/or registers. (00911 As shown in Fig., 7, DATA A 702

i ncl udes data el ements with nuneric values in base 10 of. '-4270" 702,
©240' 703, '-3573" 704, 7033 705, '-2427" 706, '-9703" 707, '0' 708,
'2605' 709. Simlarly, DATA B 711 includes source data el enents with base

" 10 val ues of . '-1120" 712, '6401' 713, '36' 714, '0' 715, '691' 716,
'-6780" 797, Tl dspending gn the sigrpvelueafShe Sioendagseantiiatctizees. atitobight theer not ed
below with a subscript 10 suffix.. Accordingly, the sign for each data

el ement i sighlperatamisdicsaibed MpRIGAMBAbICaIHY bt AGhAnARSticaRYA bhBhdiGHmyi t h

t he nunber for each data elenent in the correspondi ng data elenent

position | il _ Lf nu g, 0 .for a .data
Sroment | B ARy LAR oo AR GHAR M i Sapge Y ety diprios €5
correspondin ereSLgl t.ant qgt el enent, posi tion. For one enbodi ment, the
processi ng Sy Ao g suptphcaton wath ‘M lorarmiys ata preduchab 0dr Napisdt phystcally

el ement positions in the source data 701, 711, can be performin parallel.
(00921 Ashqoe®anytgmultiplya rumbeehy ht 13 s theepradicawill bertrtmmiber ithf, Siadlady,
operand 701 are evaluated, the nunber in the correspondi ng data el ement
posi ti on tharéshlt of b nailtigifation 6f Z Admbeér byTu] tdaRlal : : : or. For
thi s enbodi nent, the rrlgl tiplicand is gi t her' - Iﬁ%ﬁ%hl?%é@&u%ﬁ&&g{ﬁ
dependi NOnyibet fBmSip@N val ue of the second operand data el enent. Although
L{T sign operation is described here with nmultiplication, an actual

ol ti

pl i h-qn oper.ation y, .nhot be physically necessary to arrive at the
sane mat ﬁéé% i caf Oy 'B¥ARGS; H\Bgdf’ﬁ most gl,empr@t 702 of thensseenssepeyand 704 dag a
multiplication with 0" to arrive at a product of "0'. Nor is it physically
necessar Ya{us o 42781 oy whichyismenegatve numbeas Meanwhile thicle ftwadsk dite eleheennumber
itself. Simlarly,

712 of the first operand 711 contains a value of ‘~1 120;9°. Because the sign value of the

* second operand data element 702 is negative, the value ‘~1120,° 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 appropﬁate data element
position 722 of the resultant 721.

{[0094]  Similarly, the right most data element 709 of the second operand 701 has a
value of ‘2605,¢°, which is a positive number. Meanwhile, the right most data element 719
of the first operand 711 contains a value of 5 177", Because the sign value of the second
operand dat# element 709 is positive, the value *5177,9’ of the corresponding first operand
data element 719 is conceptually multiplied by “+1" to yield a product of “5177,4" during
the packed sign operation. The product is stored info the right most data element position

- 729 of the resultant 721. Given that the sign value of the second operand data element 709
s positive here, an actual multiplication would not be needed as the product 729 is simply

the value of the first operand data element 719.
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the result of a multiplication of a nunber by '-1'" can al so be achi eved by
subtracting the nunber from'0'. 100931 For instance, the |left nost data
el ement 702 of the second operand 701 has a value of -427010', which is a
- negative nunber. Meanwhile, the left npbst data element 712 of the first
operand 711 contains a value of'-112010'. Because the sign value of the
second operand data el ement 702 is negative, the value '-112010" of the
corresponding first operand data elenent 712 is conceptually nultiplied

by'-1'" to hpsdid aproduct of  ©11203x'  during.the packed sign operation.
The produc,[?bgé sté‘?g}fsfﬁqr’g ‘{”F?eejlﬁfﬁﬁ'itgﬂﬁifﬁ’t“éﬂﬁdtgéﬁ@l erageond pperend @01, TR of
the resultant 721. (00941 Simlarly, the right nost data el ement 709 of the
second opéPhisds thd. whilg.gheieccond d6@&EMGnt 7TV ToMm therightia Hid firkCofrearer .
Meanwhi l e, the right nost data element 719 of the first operand 711

contai ns dlVabntaineh vaimt 67 1855,,BeBauas b ﬁuﬁb&rbf‘fﬁéo%g?rﬁj opdindEEP &gmer?fo erand

data elenent 709 is positive, the value '517/730 e correspondrng first
operand &98 & RLEHBMN a9z, ept ual | .rm%%i lied S+l to yield a
product of ' 517730 oﬁ}'rz%ngﬁﬁ? e pea‘g%’s?ap%’?/dé?ﬁ %&S’F‘F‘Hﬁ%ﬁ?“%"@d&ém& s
stored intQ ‘%{Qe 5)i g@,t nmo data el enent position 729 of the resultant 721.
G ven t haf™Wfplies by \}glylfg&' B Pradyet afe@ oduringdbe panked sign optwtiomt THEOa “0'Ss
positive here, an actual nultiplication would not be needed as the product

729 is si fipregd intortbe sesbuddath elelent positiorTR8 oo tiskaright &l MREIZAO72140 [ 00951
At the second data elenent 708 fromthe right in the second operand 701,

the val uBedanse ﬁ\&@écon%%@r\ﬂﬁtﬂ ifte eliRont 90PN ag%}&yﬂgg %gmhiéé‘?a; rom the right

~-n the first operand 711 contains a val ue ¢ad8é® t he nunber
“of the segpad. rt@]q,]q e nt., 708 s _zero, the value "-85510" of the
cor r espondi ng ngg?a e lérren? p%@gf‘gllb%csi%cahrvﬁﬁgiﬁ{:’;"m value in a second operand

data element is defined in this embodiment to cause a ‘0’ in the resultant position

regardless of any sign value that may exist for the second operand data element.
{0096] Figure 8A is a flow chart 800 illustrating one cmbodirﬁcnt ofa mcthod‘to
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 pumber 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 816, a first length L data operand B having M elements is received. A second tength
1 data operand A also héving 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 mu!ﬁp!ies is
f)rocessed.
10097} The details of the sign operation at block 830 of this embodiment are further
described in terms of what occurs for each ldata element position. For one embodiment, the

sign operation for all of the packed resultant data element positions are processed in
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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
- element 708 has a zero value, a multiplication is unnecessary to realize

the product will be "0'. Simlarly, a zero value in a second operand data
element is defined in this enbodinment to cause a 0" in the resultant
position regardl ess of any sign value that nay exist for the second

" operand dat | ement, [00961 Figure 8Ais a flow chart 800 illustrating oné
Bardet, T et ppod

enbodi nen a odymant, srGertaingiagtiopfdha ditas glemeris masnby provessesde of L
is used here to represent the width of the operands and data bl ocks.
Dependi ngatgntimiie Aphlock 831, archectbisdiadensd determiag whethdsed vhlue folehi gaieat t he
width in terns of nunber of bits, bytes, words, etc. Simlarly, the termM

s used fromdRtd gheadd A 5{;%5([ e r W thin
an operand. At bl ock 8%81,6% fi ress?ihlag%gﬁ%' Ii_fqgg?fgﬁ%géjf %ﬁgﬂ%ﬁh@egﬁs e’

I ' ' d h, L . d A al hayvi M
ol emont o ErERE Al B BRGNS Slagiermen 2oSib ablted 1 Bpck A as the

operands anq resultant are of equal |ength and have the sane nunber of data

el enent s. PTagugs obthe valyg forthe elegient fromclata epepndBymuitiplisd gy “elje Iithieomiuehat

multiplies is processed. [00971 The details of the sign operation at bl ock

830 of t hiostherdbwokintfiom aeeank] Aisheit negitive ki Block 831, b Ie@Bmphativh Al magcatr s for
each data el enent position. For one enbodi ment, the sign operation for all

of the pafgsaBIesyb WhbhefREIaRk $SBAL cRAZH £80 P@aﬁd ) t%ﬁ%ﬁ chgn;j:rg. %

parallel. In another enbodinment, a certain portion o a efenents may
09 P ooeSald s gy e e B B SR B S
zero) i ! fat L{(])gk \égtlt.uguti i%‘ th%e\}a‘laurcn?op t%g o;gragg Ansgggrilt\;f not found equal to zero at bldck
833, yet another determination is made at block 835 as 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 calcuiated at block
836 as the product of the value for the operand B data element muitiplied by *+1°. ifthe
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°, .uegativc)
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 embodiment of a2 method to
perform a sign operation. The flow of the method at block 810 and 820 for this
.cmbediment are similar to that of Fig. 8A. In this example, thc'metﬁedciogy for block 8§30

In performing a sign operation 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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the resultant value for this particular data el enent position is cal cul ated
at block 832 as the product of the value for the elenent from data operand
Bnultiplied by "-1'". If the value for the elenment fromoperand A is not
+negative at block 831, a determnation is nade at bl ock 833 as to whet her
the value for the elenent fromoperand Ais equal to zero- If the value is
determ ned to be zero, the resultant value for this data el enent position
is set to 40° at block 834. But if the value for the operand A elenent is

not found ggyal t block. 833, t another determ nation is made at

bl ock 835 as%c‘f"‘fﬁ%&%ﬁg&? st isition ogt Qiﬁ‘ﬁ%m%ﬁéﬁtéﬁww@ simeade dsdo poether ve

(greater ttgan lzeru\ofé. If the value for this operand A elenent s positive,
HraYamfae ¢

the result lsmentpigapponerand Ais aatlbio ekmrdfitheesiihimtion s @) 4l at ed
at block 836 as the product of the value for the operand B data el enent

mul ti pl i edhyalu is zetof a t0Tds entaledas Bfe hRAPRIRN G ﬁli@bzﬁggﬁgngh%%gﬁmpﬁs Itive

at block 835 for this enbodinent, the value is treate I ' ned at

bl ock 837 pascksane paf iffdead: Lhuations (positive, '0', negative) apply.
These resul tant val ues for%ﬁ@@d?ﬁﬁe&% Pg't%ﬁ'ié‘g\{‘éﬂﬁ?i‘[:%‘fgfg“%l’?sgﬁﬁ’édai nt o
the appr i ata el enent posjtions corresponding to the source el ement
pairs in ?‘ﬁ{é Z@'f—"g@ﬂﬂct @‘ﬁfﬁsﬂggf%é’aﬁ’& &y trdata goment mosiionas Gilculated af blovk 842ar t
850 illustrating anot her enbodi ment of a nethod to performa sign

oper at i on3s PR@dustpighe value fostirepeaindd dath ckitnenmitiied b9lhd §ijxs of @EbOdI ment
are simlar to that of Fig. 8A. In this exanple, the nethodol ogy for bl ock

830 in pepdrandhnigtaziemnan ARSI Bigl 84, iHa3tsultdhivaRle 5ed different.
;I)e details of the sign operatfglon at blsgck 83?816}%%%&029{%%%!%@%! are

abso furthesiticheass deRifed ftd Bk %pt%{)ﬁ%%iacé % Ihicﬂls'csuﬂg]t packed data block.

{0699} Figure 9 is a block diagram of one embodiment of logic to perform an absolute
value operation on a packed data operand. For one embodiment, absolute value operations
in 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 SRC1 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 SRCI1. Furthermore, in oﬁe embodiment, 2 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

Iypes; and a packed absolute doublewords (PABSD) instruction is provided to generate

43



T elenent nujti

occurs for each data elenent position. At block 840, a determnation is
~nmade as to whether the value in the el enent of data operand A is equal to
zero. If the determination is true and the value is zero, a 0" is entered
-as the resultant value for this data elenent position at block 841. But if
the determnation is that the operand A data elenment for this positionis 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

plied by the sign of the | operand A data elenent. As in Fig.

SA, the radwiitarplugsdfdoublsworbdita pes.ne data el ement positions are
arranged into the appropriate place in the resultant packed data bl ock.

(0099( Fi (160D iEhe® ABDistribtafi B uPibsoRRe CAROS RN dHihik Q%Bdr;%&aper forman
(0}

absol ute value operation on a packed data operand. For one e I ment,

absol ute : [ | e .pres i nvention_a

i mpl ementg %’f\vg&?ggic Sgaz’ﬁgépﬁt%gﬁ%@fﬁﬁéé Fﬁ?ﬁ BWE{%“%%@?‘S{‘@: g?r évéri ous
si zed dat té$23ﬁr sinplicity,.this PARS instruction is described here

i n generaf*t ’ 'H“amg e Fapih BYdnvidual data glymang perrespondsdd e datatedemeTibese
data el enents can be bytes, words, doublewords, etc. depending on the

par ti cul apositiongh dreonesutant930. | Thet datSopexand[910 is sdne tASKRIE: BidsosigutARAr at i on
is invoked with a line of code like "PARS SRC I", wherein SRClI points to a
M D r egi Slogic 920 afon ¥ aBsBRAd V4fe i Y i ;data
source andgirrcesul t destination. %gﬁlngérﬁgu{gﬂbggig%gﬁ?éteﬁgeC?ﬁgﬁttrau%'ﬁ F’gf'\c f or mat
requires |.ine uld read," PARS SRCI, SRC2". In that
this cas e%m?ﬁ(gd?ﬁi%gg?ﬁ@?g]u%atglggﬂurg%ﬂigglep}?@?%fb@ﬁﬁ the gupspe xalpe e s el enent s
9 SRC2 to be BJ aced into SRCI. Furthernore, in one enbodi nent, a packed
absol ut e BYFFONNLL t pesdton iy the Fesplian P3G wilk Haveghg unsignadebsdlueivalue val ues
of byte data types; a packed absolute words (PARS W instruction is

provi ded of $hagsensecadata elowentutunbea) Hesexample ik 1A nfost fesilfit cRAknEpdaiaed

absol ute doubl ewords (PABSD) instruction is provided to generate

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.
) {00101]  Compression is frequently implemented in image processing. Video frames are
' generally compressed in blocks of pixels. Highly compressed video can exhibit
blocking aﬁifacts 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 indcpmdent,
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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43 absol ute val ues of doubl eword data types. 1001001 The PABS instruction
for an absol ute val ue operation of this enbodinent begins with a first
dat a operand SOURCE DATA 910 having eight data elenents: A7, A6, AS, A4,
A3, A2, Al, and AO Each individual data el enent corresponds to a data

el ement positionin the resultant 930. The data operand 910 is sent to
absol ute val ue conputation |ogic 920 along with a absol ute val ue

i nstruction. The -absol ute val ue conputation logic 920 nodifies the val ue
in each source data el enment so that the nuneric value in the corresponding
el ement poffkttitoablagk thmsingds to teanme HaAGhtat bt ddniparehdnhaljacent odd sabsedhatihe val ue
of that source data el enent nunber. For exanple, the left nbst resultant

el enent pqvﬁ:iagFEeﬂanc%?hﬁéseax(s&lg%lea@s!ma@%ﬁééﬂmy@én%n@ lmkbgw@%@ & phi yrce

el enent A7 is processing of the absolute value I's répeat ed or t

entire se l.ons e _sour operand 910. For this
enbodi rren%nq{c aﬁi% 8 %F‘fgﬁﬁ“flgééié 1 tgﬁ C‘E)‘g&t’ﬁ’ég%aﬁd“ﬁggfeﬁ’é‘e'é’iﬁ'r%e oper and
| ocat i on. an aI ternative enbodi nent where two operands are specified
with the ﬁlss@upﬁ &nd gt perymovingedepseyigyed against pawiving schee easueait inrdrenhe

ot her can specify the destination. 1001011 Conpression is frequently

i mpl ement ewhatural aud paplenaatype ofidegvadidonf rbsrdsr 18 peevefethedetlbokisoafiicessed i n
bl ocks of pixels. Hi ghly conpressed video can exhibit blocking artifacts

due t 0t hgoRURBAR!d BIRREEAEAGHR. cmmexﬁl&&% QBN b Jﬁgﬁc&g@& ype of

I mage deterioration that occurs at | ower b|t rates 'S ca I ng
of, . di nmages

-f f I gc'; ec;r'gl!r’lcasﬁ f‘glfgcbf %a@lPi? 'ﬁﬂa gsg o *F??g’ge ‘5}?{3 P?lﬁ@g g’ﬁﬁﬁg‘"b dl ng‘?tﬁ% tl‘%ec ause

e coding of each block is _independent, nothing assures the continuity of
t he codedquRdyy betyssaglosks.t Hawpysirdbe algerithse shayldppismooth a step between

blocks if there is a true edge along the block boundary. Generally the step between
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 fo fit
surfaces over a block.
[00102] Some of the deblocking algorithms for the video compression methods H.263
and MEPG4 use a sign or sighum 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 comrection factor and
bompare variations in the video with predetermined thresholds. Embodiments of SIMD

' insﬁuctions. 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
1instance, a signum operation on a data element will 'output a ‘¢’ if the data element is zero,
a_‘-—i > 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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Quanti zation of the DC coefficient of the discrete cosine transformcan add
or subtract an 44 offset to a block causing it to becone brighter or darker
t han adj acent bl ocks and creating the appearance of |ines al ong bl ock

. boundaries. This can sonetines give rise to promnent artificial edges and
“blocking artifacts in the coded image. In inmage sequences, a background
grid of non-noving edges vi ewed agai nst a noving scene can result in a very
unnat ural and unpl easant type of degradation. In order to prevent these

bl ocking effects fromoccurring, deblocking a schene can be use filters to
snoot h oupravhie the sighum ifaictiodgitg. These artifacts can be made | ess
~noticeable with a debl ocking al gorithmthat snoothes the boundary between

bl ocks. Hawgwésy . @M@k&@ﬁk&ﬁwﬁlﬁbﬂlﬁﬁ&ae&o%pg& I%y?ﬁﬁﬁ'epﬁ #y‘ﬁstmcgj ocks i f

there is a true edge along the block boundary: nera Iy t ep between

‘adj acent ocks n er.ed d I f .the size o he e tep is
reater MRS PPlSR it Bipacleie i HOHEbemge o, s b Sesbfighr e
Simlarly, other algorithns can be use to fit surfaces over a bl ock.
1001021 SHrfbstep ta rmpinfastos ipoaegoraluen of pixls Alang the bleok bowdor.céad Birdnet hods
H 263 and MEP&X4 use a sign or signum operation and a absol ute val ue

oper at i oncortdet pinelsenluds O€ pixcieddnpaké bordad ioaddinyer, subfsctidip Factdrd R6inpated in
conputes the sign of the correction factor. The absolute val ue operation

i's used t e are
var|atloﬁge?ﬁkﬁﬁgkgl3§§%ﬂﬁﬁﬁﬂ I‘:ed Jg?ﬁ%ﬁgﬁﬁﬂﬁ es kkﬁE Q% |nents of SIND

|nstruct|on nd ,PABS as..desc earlie .be used
Laget hor ST L FEsihen pof SHE 2@%%@‘3&/&5{% AOTE, g ey
eration.involves evaluating the sign value froma data and providing an
i ndi cat i o Rerelswrapixel distence iagiay framebloplo boundest hd@14 is aniageyief piseksat i on on
a data elenent will output a 0" if the data elenent is zero,
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 amray of pixels one pixel distance from thé block beundary 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 1028, but preserving a real edge, deblocking is performed. The
-deblocking results are Iabeiea as A", B, C,and D
{00104] Figure 10 illustrates the operation 6f 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 éxarhple, the blocks contain data for an image or video stream.
_Each block i1s comprised of a plurality of rows and columns of data elements. For example,
-a block in some image processing algorithms is a eight by eight block of data. Here, the
illustration is focusedl 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
: 1026 is shown with the top two data rows 1022, 1024. Each data row is compnsed of data

elements numbered from 7 through 0.

48



a -1'" if the data elenent is negative, and a "+1' if the data elenent is
positive. For one enbodinent, the PSIGN instruction in accordance to the
present invention can be used to 45 provide the signum functionality.

= [00103] One approach to nonlinear filter debl ocking enploys a three step
nonlinear 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 along the block border. And third, correct pixel val ues

- of pixels along the border by adding or subtracting factors conputed in
the secon@4@Yp. SEMP resistessiirn dpadrdwpthdhaipiz el datefor ttraysHh 2082, debdiacKi ng
al gorithmof one inplenentation. A and B are pixels on one side of a block

boundar y. 10221 82D i1924nFiaét] @Y bldek bBfindakrXRlchaBRriPdd ethetli st A EreAMNofthoM 2
bl ock boundary. B 1014 is an array of pixels along the block boundary. C

and D ar | :S] f -boundary. C 1022 .is gn array
al ong th?tﬁil%g ﬁ%@%%ﬁ%ﬁ%ﬂ%?ﬂ@pc%@s g?“nl? ree\éf)egfmﬁgﬁ‘{/thlﬂrcﬂﬁﬁﬁ‘r“r ay B. D
1024 is an array of pixels one pixel _distance fromthe bl ock boundary in
the same bl ock 1020 as array @€=1@924Bi%46rde/ 80 reduce a continuity
artifact due to quantization between block X 1010 and bl ock Y 1020, but
pr eser vi M§0H6] e alhey gerreadiob [fautér fogarirsys B0k aedC 1021 Rare daloliaeMdiwith esul t s
are labeled as A, B, C, and U [001041 Figure 10 illustrates the

oper at i orupdbéwa rdggl ocki ng al gorithmusing SLMD instructions in accordance
with the present invention. Two bl ocks of data 1010, 1020, are shown in

stfeam  Each bliook s MR ARG PG, 5 QEDANID trme of dat a
el/enent s. exanple, .a block in sone inmage processing algorithnms is a
ei ght by {Q:,lf@m b BscserRsEtion; atng?rél,rray.hé 1012 and D 1024 are calculated:
d; =clipdl{(A-D)/4,d, / 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 cormrected: |
B' = clip(B + d;); and C' = clip(C ~ d,).
| ) [60169] The pixels for arrays A 1612 and D 1024 are then comrected:
A'=A-d2; D'=D +d,.
{06110}  The d, calculation is a function called a updown ramp. The peak value is when
- dis 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 resuit to a value of ‘0’

or ‘255°. Embodiments of this algorithm can be implemented with SIMD instructions. For
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illustration is focused on the bl ock boundary between BLOCK X 1010 and
BLOCK Y 1020. The bottomtwo data rows 1012, 1014, are shown for BLOCK X
1010. BLOCK Y 1020 is shown with the top two data rows 1022, 1024. Each

-datarow is conprised of data elenents nunbered from7 through 0. 46

1001051 SIMD registers are |loaded wth the pixel data for arrays A 1012, B
1014, C g¢gB 1022, and D 1024. First, the bl ock boundary is characterized.
The size and direction of the step across the block boundary is
determined. This can be represented by the equation: d = (A- 4B + 4C - D)
/8. 1001064 emhediment theesigr aperdtdaicai bé ahplamemyd WRhLOEIIGNEB ofPSIGNWar e
calculated with an updown ranp: d, = SIGN(d) x (MAX(0, ABS(d) - MAX(O 2 x

na D 1024 ey o Rty JAOHSSIAe Yie SRLER a8 By bl g 0w PR TR P51

Here, the ute,val ue and maxjnum.and clippi ng operatio ar sed to
conmput e t Rg‘%ﬁghh {eremtodapsnt mﬂgﬁ“éﬂf‘%}o"ﬁﬁ’?&% @F'%yﬁ?" éné 363?) ¥h ZOEZAF@ n
operation_also uses the factor d fromthe first step to conpute the sign
of the cofiteseparyc BBDaegisters. Eor precenindimentcthe dsbideking dpdatiensareinptied added
or subtracted fromthe pixel values. The boundary pixels for arrays B 1014
and C 102 mor thar oreqiied coRmmratQltingd & ih pdiallel. VIditiplevaAhdsf temtdlate (001091
The pixels for arrays A 1012 and D 1024 are then corrected: A =A- d2;

D =D+ d2 yalyes d; and d; are computed in separate SIMD registers using sign, absolute value, and

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 ﬁscd in the
nonlipear filtenng deblocking algorithm of this embodiment. Embodiments of this
deblocking algorithm can be implemented with coding techniques like those of H.263 or
MPE64 to remove blocking artifacts caused by the quantization operation of these two
common video compression methods. By using a sign instruction that mu!;ipiies ma
deblocking algoxithm; 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 valué instrucﬁon, 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 equai to —2""
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1001101 The d, calculation is a function called a updown ranp. The peak
value is when d is equal to "strength' and the val ue goes to zero when d
is equal to '2 x strength'. The value of “strength' is determ ned by the,
-quantization step size. CGenerally, "strength' is about half the step size.
The function 'clipd 10" clips the result of "(A- D) /4 to + or - the
absolute value of 'd, / 2'. The function '"clip()' clips the eval uated
result to a value of' 0" or '255'. Enbodinents of this algorithmcan be
inplemented with SIMD instructions. For 4,7 this enbodi ment, the sign

oper at i onauhin¢gativerpicone seuct elbmbntaviltSe@vEuated REIC\NMY some casesisiged
Simlarly, the absolute value operation can be inplenented with PABSB or

PABSW | nrdsiiltsSare b to poditiveivilu@ ghéax@lthanad ey ik 9énﬁit5@y@nésol&m§s%d D
are |loaded into separate SI MD r egqi sters For one enbodi nent

ceb) 0ck) MRnaRE Fi Ao AR B IR A B i e 2

comput ed rate SIMD registers usi ng SI gn, absol ute val ue, and

maxi mum |h§p§ ?&%@msﬁi’étﬁ?%ﬁiﬁ’sﬂ%@d ', C, and D are conputed in
separate SIM3 registers. Cipping oper ati ons can be conputed with Sl MD
maxi mum al@@113Ini dihesignrant mbsthite value bp&ifidis ofleae Embodinnatad Alsbe @pliedn
instruction as described above is used in the nonlinear filtering

debl ocki ngaalmpﬁehlaemaémh h oRHRP S ARA bedHIRRF ] QfﬂJJ}Laméﬁ@Lgfg' ng

al gorithm can be inpl enen wi th coding techniqu ST ke t ose 0 63 or

MPEXA to rii,fa erat on of
LEgse tmggé%yﬁ%ﬁ %e 8%&1) C?@Pﬁ?%?ﬁﬁf%%g%g ‘i; S%a Si 1 PR on
t mult] es.in a debloc al orlthn1 enbodi nent s of the resent
schene cafhggfﬁéléao‘tﬁﬁi%l%ﬂgﬁ%‘?& g pederack@izedi al gorit hns aP\d reduce
code size. For exanple, a single PSI GN i nstruction
count=(p(VO~—V1)+q>(VI—V2)+<p(V2—V3)+(p(V3—'V4) +o {(V4-VS5)+
O(V5-V6e)+ o(V6-VT)+o(VI-V8)+¢ (VE8-V9),
wherein ¢(y) = 1 if the ABS(y) <= THRESHOLDI, else o(y) =0.

If count is greater than or equal to THRESHOLD2, 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
) | cormrection steps 2 and 3 are done, otherwise no correction is made. For the default mode,
 the comrection factor is calculated as:

a30=(2xV3-5xV4+5xV5-2xV6)/8;

AB1=2xV1-5xV2+5xV3-2xV4)/8;

a32=(2xV5-5xV6+5xV7-2xV8)/8;

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 5(ABS(a3,0) <a quantization

factor)),
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 r

between p and q. For the DC mode, the correction factor is calculated as:
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can replace the multiple arithmetic instructions that have been needed to
performsimlar data manipulation or instructions that cannot operate on
packed data. Thus the overall throughput can be inproved and processing
»resources freed up. [001121 For one enbodinent of a debl ocking al gorithm
the sign instruction and the absolute value instruction do not have
saturation behavior. This neans that for a packed absolute val ue
instruction, an N bit data with a val ue-2n_' vviIIdbe eval lﬁate](cj_toth-'. In
" the case of a.packed sign_instruction, an N bit data with a first source
el enent equal Efg"-ﬁhﬂée“lgélﬁﬁwa\F@gfaQPvféefsaeGﬁéﬂ;§lﬂ§rpee=HIIErrent will be
eval uated to 2#1 fF ns&w8, bewps= ¥igned results are needed, so no positive
val ue greater ifiar &'theh if ABS(¥8 p&rgyit4 @thntitNifnIudtor, tieh g,.s= Vo, elﬁ@%,?e\ﬂt?he
maxi mum negati ve and positive values to have the sanme nagnitude before the

PABS or Plggehe) ntipisd 1 RNVECHRRES - Si nd .absol ute
val ue operati o’nsqg? onielq(@a%bodicrrent ggﬁﬂg%gg%@aepr%ﬁé??&&ﬁaﬂi i - f
debl ocki | gor ik t.hm,as descyi bed . Ten.pixels, five n either side o
2" bl ook bt JeotR deatibnSine Ml Gicighsy fortrample sk adebieskie The
"1" represents the block boundary. First the bl ock boundary is

" char act er dgethmeeande-implmeptedyid( eydel fondl263 pad MRE4-0¢iuresstdn methodd/4A5) +
9(V5-V6) + 9(V6-V7)+9(V7-V8)+T. (V8-V9), wherein cp(y) =1 if the ABS(y) <=

THRESHOL Dblack B102¢ pisel §dta forQ. firkfbl6ckubid a secaHIEIbEN is rERived! THEBRckbBundary
THRESHOLD2, use a DC node, el se use default node. The bl ock boundary is

al so DC q;biﬁr@éhttﬁé & BiockSare %@!ﬁ{b@@%ﬁ(ﬂ\é@? li%b Ui or'tiore Riredion thtors'S)

Uﬁ value = MN(VI, V2,7 V3, V4, V5,7V6, V7, V8)"
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 comrection factors
that were calculated witﬁ 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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(00114] If (ABS(max value - mn value) < 2 x a quantization factor) then
the DC related correction steps 2 and 3 are done, otherwi se no correction
is made. For the default node, the correction factor is calculated as:
-a3,0=(2x V3-5xV4+5xV5-2x V6) / 8 ‘

a3, 1=(2xVI - 5xV2+5xV3-2xV4)/8; a3,2 = (2 x V5-5 x V6+5 x V/7/-2 x V8)/8;
a3,0'= SIG\(a3,0 x MN(ABS(a3,0), ABS(a3,1), ABS(a3,2)); d = CLIP(5 x
(a3,0" - a3,0) / 8, 0, ((V4 - V5 [/ 2) x S(ABS(a3,0) < a quanti zation
“factor)), wherein S() evaluates to | if true and O if false. [00115) The
boundary pipeeismdging thib éiscloeire.e i &tared bftef oty RAcK hd tRI! whére gidwlis RSt T
between p and q. For the DC node, the correction factor is cal cul ated as:

49 if in j P = else p. =Vl if | <=
' L gl o feen aban@bingats dee n¥Eosfy Rifescktl e AlGs RRdtes Bty o
factor, then.pm =. el se pm = V8 0116j.. Figure 11 is a flow chart 1100
i |'lustratif ‘lg’ﬁlé‘)dé@dﬁl“rmgﬂf‘er& aﬁ‘éfiﬁégaf %““B@F"?BY reabling krcheelpgigalal gori t hm
using SIMD instructions. For exanple, such a debl ocking algorithmcan be

i mpl ement @dvacements wathput depanting fromuithPEGiptes wi thegsesent distibsnisor the scdpeock
1102, pixel data for a first block and a second block is received. The

bl ock boundtieyacchspa®iig ddimst wo bl ocks are characterized at block 1140. One
or nore correction factors are conputed on the packed pixel data at bl ock

1106 through the use of instructions for packed sign operations that
mul tiply and packed absol ute val ue operations. The use of a
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PSI GN and/ or PABS instructions when conputing correction factors for a

‘debl ocking algorithmcan reduce the nunber of non-SIM instructions needed

and increase the efficiency of processing resources. For exanple, one

~enbodi nent of a debl ocking sequence for inage processing algorithnms in

accordance to the present invention enploys a PSIGN operation to determ ne
the sign of the correction factor and PABS is used to calculate the

magni tude of the correction factor. @ bl ock 1108, the boundary pixels for
the first block and the second bl ock®%re corrected with one or nore of the
correction factors that were calculated with a sign operation that

mul t i pWWRat 1§claimegdysol ut e val ue operation- 1001171 Thus, techniques for a
nmet hod, apparatus, and instruction for performng a sign and nultiply
operation are disclosed. Wile certain exenplary enbodi nents have been
descri Bed afdcosmRMiET hardwr earRRRpRis,GONRPIERIBS ngs, it is to be under st ood
that such enbodinents are nerely illustrative of and not restrictive on

t he broad i avracessar inghadingat  this invention not be linmited to the
specific constructions and arrangenents shown and described, since various
ot her nodi fi cat i astoraag leeation; eedt hose ordinarily skilled in the art 50
upon studying this disclosure. In an area of technol ogy such as this, where
grom h is fast exetutiontriesourzdy dmezarriesa seteofmote easory ifsiresieen, t he

di scl osed enbodi nents may be readily nodifiable in arrangenent and detail
as facil it atextamedenwtbin agrégahnnlrogng ah thapracessogthe sat tofi indtruttjoast i ng
fromthe principles of the present disclosure or the scope of the
acconpanyi nfhcbddumgra. firet bistra2tion to perform an operation that multiplies en-a first

“input operand by an operand sign of a second input operand, wherein the
first and second operands are represented as binary humbers and vary based
on the program running on the computer processor and, in response to said
first instruction, to store in said storage location a result having a value of:

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

zero if the second input operand is a zero value; and

a negated version of said first input operand if the second input

operand is a negative value.

2. The apparatus of claim 1, wherein said first input operand is a first packed
operand comprising a first plurality of packed data elements and wherein said
second input 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



VWhat is claimed is: 1. A conputer hardware apparatus conprising: a
processor including: a storage |ocation; and execution resources to execute
a set of one or nore instructions contained within a programrunning on
t he processor, the set of instructions including a first instruction to
performan operation that multiplies first input operand by an operand
sign of a second input operand, wherein the first and second operands are
represented as binary nunbers and vary_based on the programrunning on the
conput er processor and, in response to’said first instruction, to store in
said storage |location a result having a value of: said first operand i f
sai d séétﬁhgr%t Rpielibpet Bifkeddata slamentsemulripligd, by, £igi 4f 3 RRITSERAMING nput
operand is zero val ue; and a negated version of said first input operand
if the d@é@@fﬁﬂ“?ﬁfﬂftsa'@ﬁéfﬁcﬁwdpl%a‘liyrﬁ’é@&t‘:k%d@%ﬁ elemepts.The apparatus of claim
1, wherein said first input operand is a first packed operand conprising a
first plurality of packed data el enents and wherein said second input
operand is a second packed data operand conprising a second plurality of
packed 3dat a Toeapparatus f ¢ldimr 1, hehergire saidrfirshppemasdus @ soompe/destinationmi r d
plurality of packed data el ements, each of said third plurality of packed
data eperad, wivgein said spuosidestifatiansippmand isuraikendromlsaed ttovaga first data
el ement of 53

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 input operand is either a register or a memory operand.

5. The apparatus of claim 4, wherein said first input operand is a register
~operand.
6. 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 multipiexer coupled to provide a first input to said adder circuit,
said first input multiplexer to select between the first input operand and a

- complemented first input operand;

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

a second input muitiplexer coupled to provide a second input to said adder
circuit, said second input multiplexer to select between said second input operand

and a zero value in response to a control signal for said instruction.



said first plurality of packed data elenents nultiplied by a sign of a
corresponding data elenent of said second plurality of packed data

el enents. 3. The apparatus of claiml, wherein said first operand is a
source/ destination operand, wherein said source/destination operand is
taken fromsaid storage location to conpute said result and is overwitten
by said result. 4. The apparatus of claim2, wherein said storage | ocation
conprises a register and wherein said second input operand is either a
regi ster or a nenory operand. 5. TheS%pparatus of claim4, wherein said
first input operand is a register operand. 6. The apparatus of claim1,
wherein said first instruction is a packed sign instruction and wherein
sai d apparatus further conprises: an adder circuit; a first input

nul ti p/exer TR8@PPaERIHS Op CRIMdR fariher SOMPRISIG 't 0 sai d adder circuit, said
first input nmultiplexer to select between the first input operand and a
conpl enent ed@ thirdgnuitipfexer spupleddo rgceiwe saubiitst inputiaparanpusaid ssedrdt si gnal
in response to said second i nput operand; and a second input nultiplexer
coupl ethpus qresendicarsd sradddr puiput conprising addeplernientad valug aif gaigkshd i nput
mul tipl exer to select between said second i nput operand and a zero val ue

i n respyngeopevaiad;control signal for said instruction. 54 7. The apparatus
of claim®6, further conprising: a third nmultiplexer coupled to receive said
first inputselpetienthgictd selaetcomsl of a first source operand, a second input

operand, or said adder output, based on a magnitude and a sign value of said
second input operand, wherein:
if said magnitude of said second input operand is a zero, said selection
togic causes said second input operand to be selected;
if said magnitude of said second input operand is a non-zero value and
said sign value of said second input operand is positive, said selection logic
causes said first input operand to be selected; and
if said magnitude of said second input operand is a non-zero value and
said sign value of said second input operand is negative, said selection logic

causes said adder output to be selected.

8. The apparatus of claim 3, wherein said execution resources comprise:

a decoder to decode said first instruction;

a first physical register file for integer operations; and

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.
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i nput operand, and an adder output conprising a conplenented value of said
first input operand; selection |logic to select one of a first source
operand, a second input operand, or said adder output, based on a

magni tude and a sign value of said second input operand, wherein: if said
magni tude of said second input operand is a zero, said selection logic
causes said second input operand to be selected; if said magnitude of said
second i nput operand is a non-zero va%ge and said sign value of said
second i nput operand is positive, said selection logic causes said first

i nput erand to be selected; _and if said magnitude of said second input
opbrandii 5 dPRGPPAGTS AR IR ThAdhestin o Grhuanaucin 8a §O0deSRIH Lt
operand i s negative, said selection |ogic causes said adder output to be
sel ect &d ‘@Qe’%ﬁés%fﬂp%’:&%% d%?ochséafﬂ %'9%\/\]%%%@#9%%9 aese%m'r-%op%ééwces
conprise: a decoder to decode said first instruction; a first physical
regi st éPT EX§itiop by A flEglepxesyiPatyrimWhighis 3 SSRUGHR UPRVEIRAN égdeiter fil e,
wherein said source/destination operand specifies a register in the second

‘physi c&XeFdiiors Uit thay perfomas ai murgdityof sealan injegerconasations thateyere val ue. 55

9. The apparatus of claim8 wherein said first instruction is a sign

i nst r ucess indhe firepbysicdlaiedisterdéer decodes said sign instruction into a
sign mcro-operation for execution by a first execution unit, which is a
separate unit from an integer

10. 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 plurality of 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 vaiue for a corresponding one of a plurality of

second source operand data elements.

11. The apparatus of claim 10 wherein sald execution resources, in response to a
second instruction, are to store to said storage location a second result comprising
a second plurality of result packed data elements, each of the second plurality of
‘result packed data elements being an absolute value of a corresponding one of a

plurality of source packed data elements.

12. The apparatus of claim 1, wherein said apparatus is in the form of machine
readable data on a machine-readable storage medium implemented in computer
hardware, said machine-readable data being manufacturable to provide said

apparatus.



execution unit that perfornms a plurality of scalar integer operations that
store results in the first physical register file. 10. The apparatus of
claim1l1, wherein said first instruction is a first packed data instruction
and wherein said result conprises a first plurality of result packed data
el ements, each of said first plurality of result packed data el ements
having a value equal to a corresponding one of a plurality of first source
operands data elenments nmultiplied by correspondi ng sign value for a
correspondi ng one of a plurality of égcond source operand data el enents.
11. The apparatus of claim 10 wherein said execution resources, in response
to a second instruction, are to store to said storage | ocation a second
result conprisin a second plurality of result packed data el enments, each
of the @ecoﬁbPrﬁlcg?%ﬂrictoWRﬂs'n&esul t packed data el ements being an absol ute
val ue of a corresponding one of a_ plurality of source packed data

el enent s. 12’.re’yﬁéerafb’ﬁah%@gﬁa%qblﬁloﬁisgﬁfmg Rfreedi dptaglemgplaradus is in the
form of machine readable data on a machi ne-readabl e storage nedi um

i npl enent ed anrexeskiion enit seapladaioesaid seaistandie Gadrreserittive e »lw@likg of

manuf acturable to provide said apparatus. 56 13. A processor conprising:
a regi Packed dpt@ bwétnugti@ramsbmrgwagmrin isgichergisiar ke, sabl exenution umtl an
execution unit coupled to said register file and responsive to a plurality
of packspbrdiingte adirstuiistrontion of saidrpuradibyof packeshilatariegirscdond bye, sai d
execution unit responding to a first instruction of said plurality of
packed sttzireg imis tseigctdagister fike a result comprising a plurality of result data elements,

wherein each of said plurality of result data elements is equal to a corresponding
data element of a first plurality of source data elements mutltiplied by a sign value
for a corresponding data element of a second plurality of source data elements for
any non-zero values of each of said second plurality of source data elements,
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 result comprising
a second plurality of result data elements, wherein said each of said second
plurality of result data elements is equal to an absolute value of a corresponding
one of a third plurality of source data elements,
wherein said first one of said plurality of packed data instructions is a sign
instruction and said second one of said plurality of packed data instructions is an
absolute value instruction, and wherein said processor further comprises:
a decoder to decode said sign instruction into a first micro-operation
and to decode said absolute value instruction into a second micro-operation,
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 _



storing into said register file a result conprising a plurality of result
data el enents, wherein each of said plurality of result data elenents is
equal to a corresponding data elenent of a first plurality of source data
elements multiplied by a sign value for a correspondi ng data el enent of a
second plurality of source data elenents for any non-zero val ues of each
of said second plurality of source data el enents, wherein said execution
unit is responsive to a second one of _said plurality of packed data

i nstructions by storing into said reg$2ter file a second result conprising
a second pluralit resul t_data el ements, wherein each of said

second pl uare 'n9 k3 gpid first 4ot elemand, pad aqindd ¥ & forap88sated val ue of
a corresponding one of a third plurality of source data elenents, mhereln
said first §RESIR oEgpid fﬁFhV%ﬁPPt@" srid fek detegelearant of sat firshelyraliy @f gn
instruction and said second one of said plurality of packed data
i nstructi on§opcedpta gerpenise apdl ue i nstruction, and wherein sai d processor
further conprises: a decoder to decode said sign instruction into a first
m cro- oper ati on OufR¥tisglastiendedis srpakiBLs|setastinglane ofrsrtid ouultiBlexent o a
second m cro-operation, a nmultiplexer to receive inputs conprising a first
val ue for airfputsto gutputedsearsion afergtidnl résuitentfbua alata glephersoposidoniat a
el enents, a second value for a second data el enent of said second
plurality otogespaelitatasaiddirhtsd 5Zcorpbdaesplendinigy to said first data
el enent, and a third value for a negated version of said first value for
said first data elenent of said first plurality of source data el enents;
and output selection |ogic capable of selecting one of said nultiplexer
14. A method implemented in computer hardware comprising:
executing a set of one or more instructions contained within a program
running on a computer processor including:
fetching an instruction that, when executed by an execution resource,
is:-to perform an operation that multiplies a first input operand having a first
operand magnitude and a first operand sign by an operand sign of a second
input operand having a second operand magnitude and the second operand
sign, wherein the first and second operands are represented as binary
numbers and vary based on the program running on the computer processor;
determining if said second input operand is positive, then storing said
first input operand as a result in response to said instruction;
determining if said second input operand is negative, then storing a
value equal to negative one times said first input operand as a result of said
instruction; and
determining if said second input operand is zero, then storing zero as

a result of said instruction.



inputs to output as a sign operation resultant for a data el enment position
corresponding to said first and second data el enents. 14. A net hod

i npl enented in conputer hardware conprising: executing a set of one or nore
instructions contained within a program running on a conputer processor
including: fetching an instruction that, when executed by an execution
resource, is to performan operation that nmultiplies a first input operand
having a first operand nagnitude and g first operand sign by an operand
sign of a second input operand having a second operand magni tude and the
second operand sign, wherein the first and second operands are represented
as binary nunbers and vary based on the programrunning on the conputer
processor; determining if said second input oPenand is positive, then

Stor i ng Ssai dNeMPOY AR b MIRICAcSaId STHAION S PRarkRE S1am Imskfution.
instruction; determining if said second i nput operand is negative, then
storing a value equal to negative one tines said first input operand as a
result of said instruction; and determining if said second input operand

i s zer @8-t h@hegnehiodPfA&im 48 wherahy gpid st deput apesand end sald secongls.  The
met hod of claim 14 wherein said instruction is a packed sign instruction.
16. Thénpuitonstand ace gbeh peckathdata) oparands comprisingpufird@andasrioadd sai d
second input operand are each packed data operands conprising a first and
second plyfalityabf datactlechents, ebspashively.r especti vel y.

17. The method of claim 16 further comprising decoding said packed sign

instruction into a first micro-instruction.

18. The method of claim 17, wherein said determining of said second input
operand. comprises evaluating each individual data element of said second input

operand.

19. A computer hardware processing system comprising.

a memory to store a set of one or more instructions contained within a
program including a first packed data instruction that when executed is to perform
an operation that multiplies a first packed data input operand comprising a first
plurality of source data elements by an operand sign of a second packed data input
operand comprising a second plurality of source data elements, wherein the first
and second packed data input operands are represented as binary numbers and
vary based on requirements of the program running on a computer processor; and

a computer processor to procesé the program including to execute said first

~packed data instruction and to responsively store in a processor storage location a



17. The method of claim 16 further conprising decoding said packed sign
instruction into a first mcro-instruction. 18. The nethod of claim 17,
wherein said determ ning of said second input operand. conprises

eval uati ng each individual data element of said second input operand. 19.
A conput er hardware processing systemconprising: a nenory to store a set
of one or nore instructions contained within a programincluding a first
packed data instruction that when exeggted is to perform an operation that
multiplies a first packed data input Operand conprising a first plurality

of sour e nts by .an_operand sign, of secqnd packed dat a_i nput
oper an&gg%ﬂ%%?lﬁ&ngﬁé %OM%"%PJBHT“’I%% of)]r g%h?%‘@‘e&a‘fagaa'%ﬁsm% ,ea\ﬁhé’rf ein the
first _an econd packed data inpyt operands are.represented as binary
nunber SSUERTRRY prRRSHE PR LamrlrmRPE SR Esnin iR et AEToen of
conput er. processqr; .and_a conputer processor . to process the program

el udehls’ 3eroDaat Bl ar Soyie dats sismeitsdRrung i Hian determiged Byoooth
responsjvely store in a processor storage |location a 59 result packed data
conpr i SIS é/f COrTRSRPNE I STementn of s Kiset Risfalite (o8 senice data Gerpentssandy
plurality of result_B?cked data el enents corresponding to non-zero el enents
of saiFBisIRORE RWRIEN Pt SoWEe Sigta etergeits, and haxtng, a maaniydg ofiay gaider ni ned
by both signs of corresponding elenents of said first plurality of source
dat a elerféaPanding eleraent ofdbedirsppluralitytof pcksd gate clhanents|fersthinon-zard
havi ng a magni tude of only said corresponding elenment of the first

pl ur al velpesfof saitk eerrespoadaigeatemeants of said sarond pduralityof smycefdatai d

correspondi ng el ements of said second plurality of source data
elements.

20. The system of claim 19 wherein said first packed data instruction is a packed
sign instruction to cause sign operations for data element positions corresponding

to said first plurality of source data elements.

21. The system of claim 20, wherein said plurality of result packed data elements

overwrite a processor storage location storing said first packed data input operand.

22. A machine-readable storage medium implemented in computer hardware
~ that provides a set of one or more instructions contained within a program running
on the computer hardware, which when executed cause the computer hardware to
perform a method, the method comprising:
executing the set of one or more instructions including:
fetching an instruction that, when executed by an execution resource,
performs an operation that multiplies a first input operand having a first

operand magnitude and a first operand sign by an operand sign of a second




el ements. 20. The system of claim 19 wherein said first packed data
instruction is a packed sign instruction to cause sign operations for data
el enent positions corresponding to said first plurality of source data

el ements. 21. The system of claim20, wherein said plurality of result
packed data el enments overwite a processor storage |location storing said
first packed data input operand. 22. A nmachi ne-readabl e storage nedi um

i npl enented in conputer hardware tha§ provi des a set of one or nore
instructions contained within a progr ﬂlrunning on the computer hardware,

whi ch when executed cause. the conputer hardwar. 0 rforma nmethod, the
net hod conpsri'%ﬁnod%eragi@%af“inﬁga PHEE PPN ﬁ‘éa?}?”:e"fftﬁ%n#)ﬁﬁ ?‘?ﬁ?ﬂ'i%o‘?%erf’ﬂ | udi ng:
fetching an instruction thai, when executed b n_execution resource,
bor for e an St disr i e Sk and Sere & Motk berdndiae HRehLauTREw At o 1 s
operand magni t ude apd first operand sign by an operand sign of a secon
60 i nput OH@F%HGSEHQWEBeQF%@@HEHJ%'éQé’ﬁghﬁ%’ﬁﬁ‘ﬁlﬂf&éﬁawqrﬁ’e second oper and
sign, wherein the first and second input operands are binary nunbers and
vary based on t hEeISTBERIRM T 83ifiSREORM OPRENCLISRASEVEn SR ematasinggeaid fiwsti ng i f
sai d second operand is positive, then storing said first operand as a
result in r OPBEANCLa% B revilbin rRAPPOSE toRAIdIBEEHENMMNG i f said second input
operand is negative, then storing a value equal to negative one times said
first input oper ¢dateradniggiksaid seepnd Hingt dpesand st negativgnthen storing a

value equal to negative one times said first input operand as a result of said

instruction; and

determining if said second input operand is zero, then storing zero as

a result of said instruction.

23. The machine-readable storage medium of claim 22, wherein said first input
operand is a first packed operand comprising a first plurality of packed data
elements and wherein said second input 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.

24. The machine-readable storage medium of claim 22, wherein said first input
operand is a source/destination operand, wherein said source/destination operand

is taken from said storage location to compute said result and is overwritten by said




determning if said second input operand is zero, then storing zero as a
result of said instruction. 23. The nachi ne-readabl e storage nmedi um of
claim 22, wherein said first input operand is a first packed operand
conprising a first plurality of packed data elenents and wherein said
second input operand is a second packed data operand conprising a second
plurality of packed data el enents, and further wherein said result
conprises a third plurality of packed.data el ements, each of said third
plurality of packed data el enents set To a product of a signed nuneric
val ue H% a first data elenment of said first plurality of packed data
elements nultiplied by a sign of a corresponding data el enment of said
second plurality of packed data el enents. 24. The nmachi ne-readabl e storage
medi um of claim 22, wherein said first input operand is a
sour ce/ gestination .operan erein said source/ destination operand is
t aken f 0n1gﬁﬁdnEaapgﬁsag%ﬂﬁggﬂﬁg?dnﬁﬁHﬁthaéﬁpdﬂ¥é@ﬁVF”ﬁﬁﬁ“Vgg%vermﬁitten
by saig 6%_ result. 25. The nachine-readable sto&g&e nmedi um of claim 23,
wher ei NOGRUAGTURRISGSR ERGISHET GHAPY IS il Gcep@ iNRRPRANBAE IERETP second
i nput operand is either a register or a nenory operand. 26. The
machi nESPISEI M & MEBPARPHBAUm of claim 22, wherein said 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 plurality of
result packed data elenents having a value equal to a correspondi ng one of
a pl ur &6t y Toe machineseadaie stpyagamiedidet of dhindds svheneinisaid ingtictign
correspondi ng sign value for a

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

of result packed data elements, each of said first plurality of 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

.+« corresponding one of a plurality of second source operand data elements.

27. A computer hardware processor comprising:

a storage location; and

execution resources to execute a set of one or more instructions contained
within a program running on the processor, the set of instructions including a first
.instruction to perform an operation that multiplies a first input operand by an
-operand sign of a second input operand, wherein the first and second input
operands are represented as binary numbers and vary based on the program
running on the processor, said first input operand having a first magnitude and a
first operand initial sign, said second input operand having a second magnitude and
_the second operand sign, said execution resources, in response to said first

instruction, to store to said storage location a result which has said first magnitude




correspondi ng one of a plurality of second source operand data el enents.
27. A conputer hardware processor conprising: a storage |location; and
execution resources to execute a set of one or nore instructions contained
within a programrunning on the processor, the set of instructions
including a first instruction to performan operation that nultiplies a
first input operand by an operand sign of a second input operand, wherein
the first and second input operands g?e represented as binary nunbers and
vary based on the program running on The processor sai d first i nput

oper an vrn fir ma tude an [st eran |n|t| aid
seconddﬁ%ﬁ 8853 <ndiBha TG S80 T30 Rerid s BRI e obiBie Sitinghc

si gn, d execut. resources, in response to sai instruction,
Store MEBESPAt ﬁbeesr%gi'rarrt 9bfrabiE Agreronsiand A Which Rl fiddo 62
and said fi rand |nrt| nif said second in erand is a
posi ti B3 %'Hglfé@fnﬂ'ﬁ)‘fa\m?%ﬁ Sjan &@MS fpr?ﬂ@ts@ﬁfg?'fﬂrﬁﬁergrb%rrﬁﬁ?f Y41 a zero
oper and, g ghlch as sajd first magnitude and a result sign that is a
producthlft' &% QY% pecsich aprrapdisigrall SaidsecoRd| INPYY PReABY IS &inkdsi¥end
operand sign if said second input operand is a negative operand. 28. The
conput &Peh#iHwar e processor of claim27, wherein said storage | ocation
conprises a register and wherein said second i nput operand is either a
register or a nmenmory operand. 29. An apparatus inplenented in conputer

har dwar e conprising: a conputer processor including:
28. The computer hardware processor of claim 27, wherein said storage location

comprises a register and wherein said second input operand is either a register or a

memory operand.

29. An apparatus implemented in computer hardware comprising:

a computer processor including:

a storage location; and

execution resources to execute a set of one or more Instructions
contained within a program running on the computer processor, the set of
instructions including a first packed instruction to perform an operation that
multiplies en-a first packed input operand having a first plurality of data
elements and-by a second packed input operand having a second plurality of
data elements, wherein the first and second packed input operands are
binary numbers and vary based on the program running on the computer
brocessor, each data element of said first plurality of data elements having a
corresponding first magnitude and a corresponding first sign, each data
element of said second plurality of data elements having a corresponding

. second maghitude and a corresponding second sign, said execution




a storage location; and execution resources to execute a set of one or nore
instructions contained within a programrunning on the conputer processor,
the set of instructions including a first packed instruction to perform an
operation that nultiplies en-a first packed input operand having a first
plurality of data elenments and-by a second packed input operand having a
second plurality of data elenents, wherein the first and second packed

i nput operands are binary nunbers ang vary based on the program runni ng on
the conputer processor, each data el ﬁent of said first plurality of data

el ements having .a _correspondi ng.fi.r St i.t yde and, ,a corresponding first
sign, each 55?03’rcgﬁ'éﬁé-ﬁ§p Sei'% %'%E‘E%n‘%f’r%ggrj%#w?'o& t‘aéfod’eetf’eﬁ%écﬂts havi ng a
correspondi n second. ni tude and a correspondi nq second sign, said
execut | on 63M0PEE JRHIOl 07 eara plisRoheing delp FlTaeTh sl PRETFHEN, 1o
store to said ajtg:ﬁrage | ogcation for each corres ondiagg% dgta el enent.

posi tion of PREFANG,F rEsHlt whishy Bejie £Lesdtantimasnityre,equal tPEagIcPHSePRRYAP t ude
equal to th% correspondin first magnitude and a resultant si gn det er mi ned
by a functi dFStonagBityde and a rasHitagbeigni debermingd by g fungtipnsefi kPt $ditspondi ng
second sign whenever the value of the correspondi ng data el enent of said
second i nputcoggerenfing Sirsfosion Asdsaidparraspasling segnnchsigs whanever theve val ue
of the corresponding data elenent of said second input operand is zero.
30. The appap ihe coregspepdingviide dilemeat df said wecamd ipsropesndisourpr i sed

of a third plurality of data elenents, each of said third plurality of
dat a el enmengera atndt dresult which is zero if the value of the corresponding data

element of said second input operand is zero.

30. The apparatus of claim 29, wherein said resultant operand is comprised of a
third plurality of data elements, each of said third plurality of data elements set to a
product of a signed numeric value from a first data element of said first plurality of
data:elements muitiplied by a sign of a corresponding data element of said second

plurality of data elements.

31. The apparatus of claim 30, wherein said storage location comprises a register

and wherein said second input operand is either a register or a8 memory operand.
32. The apparatus of claim 31 wherein said first operand is a register.

33. The apparatus of claim 32 wherein said register for said first operand is also

said storage location.




product of a signed nunmeric value froma first data elenent of said first
plurality of data elenments nultiplied by a sign of a correspondi ng data
el enent of said second plurality of data elenents. 31. The apparatus of
claim 30, wherein said storage |l ocatkon conprises a register and wherein
sai d second input operand is eit@STRACEQI Ster or a nenory operand. 32.
The apparatus of claim 31 wherein said first operand is a register. 33. The
_apparatus of claim32 wherein said register for said first operand is al so
sai d_st oraged1asal,] APPARATUSBSARACKSFRYCHHOR, FORPABAFORMIRGIDA | SHGRRUCTI ON
FOR PERFORMBENGTADS! E¥AT ORERAIPISTHAT MULTI PLI ES Met hod, appar atus, and
program neans for performng a sign and nultiply operation- In one
enmbodi ment ,  apfefRAAERMakbus, At HISIMENEMY fhrPRrioRARE 2GR 4 AxEpyt e a first
instruction. In response to the first instruction, said execution resources
store to_a__ston | ogat.] a.result va equal to a first source operand
mul 1 pl + 2R 15 G Rne, Gn 2P RludEs B o BB bt

' enbodi ments, the first source operand may be overwitten by the result.
Fig. 5 first instruction. In response to the first instruction, said execution resources store to a

storage location a result value equal to a first source opcrénd mﬁlﬁp‘lied by a sign value of
a second source operand. In some embodiments, the first source operand may be

overwritten by the result.

Fig. 5



