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I ncreasing the execution spe conplexity of |n ructlons Is only one
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often mani pul ate | arge anp f . a few bits are
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the Intel 80286™ microprocessor, available from Intel Corp. of Santa
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Previous computer system' architecture has been optimized to take
advantage of the CISC concept. Such systems typically have data buses
thirty-two bits wide. However, applications targeted at computer
supported cooperation (CSC - the integration of teleconferencing with
mixed media data manipulation), 2D/3D graphics, image processing,
video compression/decompression, recognition algorithms and audio
manipulation increase the need for improved performance. But,
increasing the execution speed and complexity of instructions is only one
solution.

One common aspect of these applications is that they often
manipulate 'Iarge amounts of data where only a few bits are important.
That is, data whose relevant bits are represented in much fewer bits than
the size of the data bus. For example, processors execute many
operations on eight bit and sixteen bit data (e.g., pixel color components
in a video image) but have much wider data busses and registers. Thus,

- a processor having a thirty-two bit data bUs_ and registers, and executing
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pr esent I nventi on. Figure 3 is a flow diagram
illustrating the general steps used by the processor to mani pul ate
data in the register file. Figure 4a illustrates nenory data
types. Figure 4b, Figure 4c and Figure 4d illustrate in-register
i nt eger data represent ati ons. . Figure 5a illustrates
packed dat a-types. Fi gure 5b, Fagure 5c and Figure 5d illustrate
i n-regi ster packed data representati ons. Fi gure 6a '

il lustrates a cont Figureidtiastrates ran embodimenttdi¢ha prgoessor of the presestt em t o

I ndi cate the usEWra;m?ﬁcked data. . Figure 6b illustrates a second

control signal tfornaf that can be used in the conputer systemto

i ndi cate the use ofigiHeidis ailew diagram illustrating thergeneral steps used Pydhe

embodi ment of apradedssr foomaniRAate)dala in the registeefasor when performing a
mul tiply operation Figure 8 illustrates a

n ked dat a.
circuit capable of FDMHEE‘%‘_E‘E?‘F@‘*? HEﬁ'UPWA?‘a&xP%F- el ements of packed
dat a. Figure 4bi-5igiire Bic@nd Figliré- 48rlitistfaRE in-Fogisidr vitdger data
OVERVI EW OF ONE OF THE PRESENT | NVENTI ON A processor
having nultiply Opérations that operate on nmultiple data . el enents is

described. 1n the Figuregailusteates pgcked datatypesus specific details

are set forth suchFpfuréishs Figure Setdnd Figlird 589lust@t® imiddisteP patkecPdaa
under st andi ng of_the ,gra sent” invention.” I n other instances, well-known

structures and TGRRR? QN$ave not been shown in detail in order not to
unnecessari |l y obsckigurel6a iflusteates ai contral siggnal format used in the computer

doscri pti on of Fysiem to indicidMle iedol ulieiad], O TN 0N "The
fol | owi ng defi niti Gigura©d illustratep asacosd.control signabiormadthat can be used
PCT/ US95/ 15681 in the computer system to indicate the use of packed data. |
Figure 7 illustrates one embodiment of a method followed by a
processor when performing a multiply operation on packed data.
Figure 8 illustrates a circuit capable of manipulating individual data
elements of packed data. '

DESCRIPTION OF THE PREFERRED EMBODIMENT
OVERVIEW OF ONE EMBODIMENT OF THE PRESENT INVENTION
A processor having multiply operations that operate on multiple data
elements is described. In the following description, numerous specific
details are set forth such as circuits, etc., in order to provide a thorough
understanding of the present invention. In other instances, well-known

structures and techniques have not been shown in detail in order not to
unnecessarily obscure the present invention.

DEFINITIONS _
To provide a foundation for understanding the description of the
embodiments of the present invention, the following definitions are
provided. - ' '
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first eight bits of data are inportant. As such, what is _
desired is a processor that increases performance by nore ef ficient| y
using the difference between the nunber of bits required to represent
the data to be mani pul ated and the actual data carrying and storage -
capacity of the processor. 2. SUMVARY COF THE :
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to a first |oc§{ﬁ8ﬁﬁﬂ{ﬁ{b§ d source address . " corresponds to a
second | ocation. The_destination address corresponds to athird

| ocati on. The opeigldueh, Wk 1 ddl pidcabsdr thiPhcPbaiiéito

mul tiply operation is ocessord?éurt er ’ﬂﬁuges a

circuit being CYIRPEEL G‘e ﬁ!éﬁa@sdbe Q'ﬁgce &‘M?Q“F'Le pEMbRLPt S yi ng a
first pacdauireditoreprasemt ﬂ‘i@ﬂaﬁ fotbé imanipulated drmithecactualdata second

Fur ther for wfwii‘@n#t&%@ﬁ%ﬁnﬁa%@eqfiﬁﬁﬁﬁﬂqﬁs esul i packed data o the

third |l ocation. Al t hough a great deal of detail has been included
I n the description and f| ures t he |nvent|on |s defined by the scope
of the clainms. Only i ML SINEKIIN| ai ns apply to the '

ITﬂvent i on. A microprocessor (o cﬁ%@%s@ﬁmr]ﬁ h%@foﬁﬁ%i@“\w NGS™
| ﬁ1 {);;alsggt I nxﬁﬂ'baﬁgﬁhiggut t X 3&8?%4:‘2’22 ?nd?)ég'[rg gl malnar nglt enents.
-~ Figure 1 ill ust r aiTbe pmcmmmmmas aidecbderbeing toaupiedsiocneceiviera)cotiteol
met hods and apgghal, YheLorithi sRyriaP RAS L8RS address’Q siohb'shiirce
address, a destination address, and an operation field. The first source
address corresponds to a first location. The second source address
corresponds to a second location. The destination address corresponds
to a third location. The operation field indicates thiat a type of packed data
multlply operation is to be performed. The processor further includes a
circuit bemg coupled to the decoder. The circuiit is for multlplymg a first
packed data being stored at the first location with a second packed data
being stored at the second location. The circuit is further for
communicating a corresponding result packed data to the third location.
Although a great deal of detail has been included in the description
‘and figures, the invention is defined by the scope of the claims. Only
limitations found in those claims apply to the invention.

The présent invention is illustrated by way of example, and not
limitation, in the figures. Like references indicate similar elements.

Figure 1 illustrates an embodiment of the computer system using the
methods and apparatus of the present invention.



storing teweeanwsvari abl es or other internediate infornmati perAishs/iNgs:
execution of instructions by processor 109. Conputer system 100 al so

conprises a read only nmenory (ROV) 106, and/or other static storage
device, coupled to bus 101 f6r storing static information and instructions
for processor 109. Data storage device 107.is coupled to bus 101 for

storing information and instructions. Furthernore, a data
storage device 107, such as a nagnetic di sk-or optical disk, and its -
correspondi ng di sk drive, can be coupled to conputer system 100.
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conput er somsandselections-torprocessaryiiS: andifer cantrafiing oursoer of
net wor ked VadVerient Bh display device 121. This input device typically has two
PCT/ US95/ 15681 4-

Bit X through pfipgrees of freedom in two axes, a firgh.axis 4€-9a 9 @0 %ﬁ&%’l‘d BriSar y
nunber. For exa(@ysy), which allows the device to épetcu% positions iyl prane. A4owewdr, t he

gﬁtn?u g? é110102 this invention should not be fmRSd Inp aaﬁcEth oy twé 'ategwé's
of freedom.

Another device which may be coupled to bus 101 is a hard copy
device 124 which may be used for printing instructions, data, or other
information on a medium such as paper, film, or similar types of media.
Additionally, computer system 100 can be coupled to a device for sound
recording, and/or playback 125, such as an audio digitizer coupled to a
microphone for recording information. Further, the d_eVice may include a
speaker which is coupled to a digital to analog (D/A) converter for playing
back the digitized sounds.

Also, computer system 100 can be a terminal in a computer network
(e.g., a LAN). Computer system 100 would then be a computer
subsystem of a computer system including a number of networked



11 1010 ' 2" follow ng a binary nunber ' indicates
S0y e

base 2. 10002 equal s 810, PCHNS98/15686 ecqual s
1510. Rx: is aregister. Aregister is any device capable
of : storing and providing data. Further functionality
of a register is described below. A register is not
necessarily part of the processor's package. DEST: is a data
addr ess. SRCL:. is a data agdress. SRC2: is a data
addr ess. Result: 1is the data to be stored in the register
addr essed ., o Gy DEST. o Sourcel: is the data
stored in the regiBit¥throughBitYs 1y SRCL1.

gggceZ: is the data'stOrmdds_ébebﬁﬁdicﬁbﬁiarggmm.e#ob%xample, meferring t
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i nvention can be i npl enen{sbownindiasertwa) representthe subfieid/ st em 100. Conput er
system 100 corprises a bust s, Thedbifbliowing a BHER Hufitidrons har dvare. and
sof tware, for comruni cati n.ﬂ jcgiﬁorgat-i gn,ﬁ - and_a” processor 109 coupl ed
with bus 101 for processiHgicAIRPAsA Pofherefore, 30002 @AualsB81@m 100 furt her
conprises a random accesswhileBng equals (5% or other dynanic _storage device
(referred to as main nmenory © 104), coupled to bus 101 for storing
informati on and i ructi; ' rani C _ sqgr 109. Mai-n
menory 104 al so rrap‘?/‘t: be us'g%s}eg%tge'l\ngﬁéf%&‘n&%%&%& : o
PCT/ US95/ 15681 storing -and providing data. Further functionality of 7-

executed. | nteger regi st of fogiSier id GGUcHBEDEION: ATRBIStET iS7gt Ster s 208 andff
i nstruction pointer register 211I al | Cflﬂgect_ to inTernal bus 205. Any
nly Rarkekt

addi ti onal registers woulMPCPSS8 PrPRESSAfSHACKATBUSs 205.

I n anot her enbodi nent, sone of these registers can be used for two

di fferent types oDESH:a. iSardataaddress.r egi sters 209 and -i-nteger registers
201 can be conbi ngger §s g a(r?m'ﬁ%ser--can store either integer data

or packed data. | ot her epbodl ment, registers 209 can be used as
P gn?;[b: Gi)_sa'dataallddres_s. J - -

Result: . is the data to be stored in the register addressed
by DEST. o o
Source1: is the data stored in the register addressed by o
'SRC1. o
Source2: is the data stored in the register addressed by - -
SRC2. - '

Referring to Figure 1, a computer system upon which an embodimerit. —

of the present invéntion.can be implemented is shown as computer - —
system 100. Computer system-100 comprises a bus 101, or other

communications hardware and software, for communicating information,

and a processor 109 coupled with bus 101 for processing information.
‘Computer system 100 further comprises a random access me_mdfy

(RAM) or othier dynamic storage device (referred to as main nfemory

104), coupled to bus 101 for storing information and instructions to be

executed by processor 109. Main memory 104 also may be used for



floating pwove/sresi sters. In this enbodi ment, packed data cacTgsesfissged i n
regi sters 209 -or floating point data. In one enbodi nent, the conbi ned
registers are sixty-four bits.in length and integers are represented as
sixty-four bits. In this enbodinment, in storing packed data and i nteger
data, the registers do not need to differentiate between the two data

t ypes. Functional unit 203 perforns the operations carried out
by processor 109. Such operations mdy include shifts, addition,
subtraction and mul tiplication, etc. Functional unit 203 connects to

internal bus 20%xecuted. Int6gerRghilérs 20 Ritegiatéra 2o, stztue régistero 208 cardr 109
exanpio, nai n milryeion poirtdf reoig 313 S connadt i Plarhaf AR 208 A8 202, and
i's connected t o adeitisnatregisters would alsb conpeet to2h@ internal bus 205.Fi gure 3

5 T ustr ates tha. o enotfehErbod it S Bf Bise) Risteiar be used for two 917 ©
an operation on dffeReutyges of data. Foraxampie. registers 209 and intpaekegisiarss,

or performng s@m &Hin6é cORdidd Wherd GACPIaYiBef caf dtdte WitheR infbitfdr data
e = 1920 S, h G oAb ert B s (e " "1,
st orage devi ce 1oating pointeegisters.i inethis erhbodingntspacked datardandye stored in
B0a8G or ] . vl PaIEers 208 r fatihd olrl skl i GHtPeRBRRRGR, tdVcmbinel &1 | |
anot her enbodi mEAgistars are sity-faurbitsig dengts andiniegess are represeripd@ss al |

the operations sispa6urasitsdin tHie ebodim8AL &P sRiink, patked|dita antinmegbnt el

Cor por ati on of Clar.a lifqrnia. |lp.anot.her. enbodijpent of .the
present inventi ?%%-3%6%%@&'56%8@3&‘8& rtf’é']@ﬁrﬁn{' \ rﬂﬁi@'ﬁ itgﬁéwg rted by
t he Pentiunierrlyp@socessor, the Intel 80486 processor, the 80386TM WO

96/ 17293 : ; : .
PCT/ US95/ 15681 Functional unit 203 performs the operations carried out by processor

devi ces. Conput 409 Pych eperations:may inglyde shiftsdadditioncsubiragtionandy devi ce

126. b\ﬂ fleo di git Trﬁlgﬁ?lihdﬁeﬁi 6R. F&ﬁ?ﬁ&ihlmwat@cdrmtmfdﬁheemhm posges tpat
can bpe ransm ‘0 ers on e. conput,er net Wor k... nmput er
system 100 i s u i\eg@ Isan,peiqn &'Q!Bg&ﬂf&mg%ﬁ%ﬂb@@d can bed‘lﬁ?ggpat i on
(CSC - the int egaché dataand/or eontroksignals fpmy foh exampte, mainamemory 104at a

TooF o o s Ao A0 Lol B bR 2570 1 Sty to receive
mani pul ati on. control signal 207.
Figure 3 illustrates the general operation of processor 109. That is,
Figure 3 illustrates the steps followed by processor 109 while performing
an operation on packed data, performing an operation on unpacked data,
or performing some other operation. For example, such operations
include a load operation to load a register in register file 204 with data
from cache 206, main memory 104, read only memory (ROM) 106, or
data storage device 107. In one embodiment of the present invention,
processor 109 supports most of the instructions supported by the intel
80486™, available from intel Corporation of Santa Clara, California. In
- another embodiment of the present invention, processor 109 supports all

the operations supported by the Intel 80486™, available from Intel
Corporation of Santa Clara, California. In another embodiment of the
present invention, processor 109 supports all the operations supported by
the Pentium™ processor, the Intel 80486™ processor, the 80386™



PROCESSOR Figure 2 illustrates a detail ed diagram of processor

109. Proc¥O9617293 109 can be inpl emented on one or nor BCEAISY1S681es
using any of. a nunber of process technol ogi es, such as, BI CMOS,
CMOS, and NMOS. Processor 109 conprises a decoder 202 for

decodi ng control signals and data used by processor 109. Data can
then be stored in register file ' 204 via internal bus 205. As a matter
of clarity, the registers of an enbQdi ment should not belimted in
meaning to a particul ar type of cireuit. Rather, a register of an
enbodi ment need only be capabl e of storing and prOV|d|ng data, and
per f ormi ng t hed emem@mpu&mymwo optiongliy includes video dugmzmg)dﬁumg on

the t%’pe 0;083126 VidgoHifizi 364%35126 €én 'b@tdéyd?ﬁ%apture vidé& Hthages ﬂ1£01t
275 "0 her -1 oga Bpdansiitad 1o Bttads onthe RERLE QOWORK, | e 204, for o
%zirrglt gr ef It ﬁﬂ i ngCpaiputer systemctQ0 isl usetuletoesntxmbrtragtcompmeugwpmdst % S
cont ai o ei ght 3ansaNgh (CSE8RlnfBidton dr RlfeofetRbMG it hiffed hididka

regi sters 209 qietasmaﬂwa:mm.bzl?@ngrap@m image pracessing: videmh and R3 212c

are exanpl es Oéqth?BSGidWéécdrﬁﬂie%%ﬁirﬁ réchgritidrp AROAthAASY and'dudie/- two bits of a
register in registers.209 can be noved into an I.nteger register in integer

regi sters 201. Fq’!r an value in an integer register can be noved into
thirty-two bits of a register in registers 209. ‘Status registers
208 indicate the status of processor 109. Instruction poi nter .

regi ster 211 stores the address of tHPRQ@ESSQRstruction to be WD '
96/ 17293 Figure 2 illustrates a detailed diagram of processor 109. Processor

PCT/ US95/ 15681
register in ref!2£80 beimplemgpted on,one or ynore Wt"é@&‘l‘?r'ﬁg 2] orfér ein,

rﬁf erences ar enumber bbprocess techmokegiés, suth as; BiCMOS | CMOS Odnd NMOSer |
t hese accesses coO I er
enbodi nent of t he%‘fbsggﬂmﬁéﬁﬁ%gg %’%ée&?&gﬁg?.f%d%%%dé"g con{rQI %ﬁ ?’g
i ncl udes two edShyrprogesseriN9. Data canthemdheistored in register fi
result of the 206V t rotcla That is
SRCL (or SRE2) pﬁ‘ '“‘J’*"*gﬁ 20504 d rhitfe o lory, i Teglstétetan
conpati bl e w t?'f"E uisenothe limited im, %&W'&@ SW"M@ kéfﬂﬂr"ésse's.
Tm) sdr educes ]Ednfcuuo Raltheat, ayegusterhﬁ ahcembodindélit.ndsatanly be dapable of o
enbodi nent, | 0O De
destroyed, t her@{]ﬁ%% ﬂg;@Vﬁﬁg@{ﬂr ?ﬁd?gﬁgggﬂgd{“?ﬁpﬁ&%"ﬁ@eﬁggu ster before
t he executi on R8réike operation. The copyi ng woul d require an additional
instruction. To SIDEPéMM Td?ﬁh@‘i?ﬁég ﬁﬂ tl‘i@&ﬁta’m 123 éthéi‘fmaiﬁtUg%?S
addr essi ng sch é 1b cri BS g 3
: regnsters 0 regn rs2 us regnsters 208, or mstructlon pointer
register 211. Other reglls_ters can be included in the register file 204, for
example, floating point registers. In one embodiment, integer registers
201 store thirty-two bit integer data. in one embodiment, registers 209
contains eight registers, Rp 212a through R7_ 212!1. Ea__c_h register in
registers 209 is sixty-four bits in length, R1 212a, R2 212b and R3 212¢
are examples of individual registers in registers 209. Thmy-two bits of a
register in registers 209 can be moved into an integer register in mteger
registers 201. Similarly, an value in an integer register can be moved into
thirty-two bits of a register in reglsters 209.
- Status registers 208 indicate the status of processor 109 Instructlon
pointer register 211 stores the address of the next instruction to be
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enbodi nent, may only include SRCl1 and SRC2, and that SRCl (or SRC2)
identifies the destination register. Where the control signa
requi res an operation, "at step 303, functional unit 203 wll be
enabl ed to performthis operation on accessed data fromregister
file 204. Once the operation has been perfornmed in functional unit
203, at step 304, the result is stored baci®-into register file 204

according to requirenments of control signal 207. _
DATA AND STORAGregistdran Tegisters 209. Fofsinplieity of the desaription heveim, of t he data

formats as nmay | QL - Fh QAT hese
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data formis. . SRCY(orS8REZ € used as the DEST. This type of addressing s

processor, the lcompatiblewithqreyiops £&36Csinstructians having osly tsecaidresses.
processaor, Thi@hédlﬁé%itha%ﬁ'lr%é ih'thé'd Eeﬂapé@é | gSteCin thigIt & C ara,
California. In anot her . o’gﬁrrent QP th resent  I.nvention, '
processor 109 s iment, if (’Wegata coma'B%F'hm%ég&Lﬁ?ﬁ!ﬁtﬁ@é nat te E_ﬁ | Alerr] -
Intel Architect destroged dhbhihat dutalmust!first be copiedriner aridther igistenbelofa ar a,
Vol e 5. 1652 11 BEBURIEGRRe Smerdtich, TR Gapying woull Febticg oo A4

Cal i for n| a) . Gerilmwcmpn: Posirplifythe descpticrubersin, the three address esent

i nstruction set goeddig gﬁﬁrhurwiﬁbb]déétbﬂﬁﬁa?i‘?é.’Sﬁeﬁr SHCEana B

ST).

nodi fied to incQrporate,_ future 1nstructions, as we as those Ees ri bed

herein. Wat is?'! ramsﬂpg!dt%refgemmd}haéél&gemrq'@gwnmsmﬂ)ort

% evit ouslg)%lus?ﬂ emisadifriedt,Smay odlydntiude sncuhmdlosaazt. hraa;%s?tﬁamt(ad her ei n.

step : [ recei.ves a control signa rom

ei ther the cachggégf)@snﬂﬁgsz%&ewgﬁﬂgfg? "Hecodes the control signal

to determine the oMWhere thescandrabeignai fequites.an operation, atstep&08, 202 accesses

the register fi i ' | d‘?d‘? : ﬂn"‘cﬁ\

Regi sters in thgﬁ?é‘g&?‘gg gi;\lt? P?gﬁggg%odrﬁkneno éﬂ?ﬁ_)"ég%'?gr???tn t eﬁ@@e.ssed

menory, are accA&@li@ifopergistenfile?p4. Qncetheonaration has begpRariormediin  he

control signal 2@nictidnal ufit 208| &t step'30) tiw Assuiltii9 Btored iback stodepisterdilat 1 ol
204 according to requirements of control signal 207. '

- DATA AND STORAGE FORMATS

Figure 4a illustrates some of the data formats as may be used in the
computer system of Figure 1. These data formats are fixed point.
Processor 109 can manipulate these data formats. Multimedia aigorithms
often use these data formats. A byte 401 contains eight bits of
information. A word 402 contains sixteen bits of information, or iwo bytes.
A doubleword 403 contains thirty-two bits of information, or four bytes.
Thus, processor 109 executes control signals that may operate on any
one of these memory data formats.



signal 207 can_include SRC1, SRC2 and DEST regi ster addresses. SRC1
is the adfP?7298 tne first source regi ster. SRC2 is the aBCTAS2S/15681

t he second source register. In sone cases, the SRC2 address is optional
as not all operations require two source addresses. If the SRC2 address
I's not required for an operation, then only the SRC1L address is .used.
DEST is the address of the destination register where the result data is
stored. In one enbodi ment, SRCl1 or SRC2 ig_al so used as DEST. SRC1,

SRC2 and DEST are described nore fully inrelation to Figure 6a and

Figure 6b. The_data stored.in the . corresponding registers is referred to as
Sour cel , Sour cB%ceﬁﬁﬂr'%%ﬂ]tﬁp ?@&@tﬂmﬁ?gspriﬁ@ﬁ thg Intel 80861 processarxt y-

f our t)@ ts in |alhgvailable frdlm intel Corporatigreof sémmtcﬁ;d?di@; Ih@gbﬁtﬁ'ér :
I nventi on, any H ; b ; . : o1, can I ne a
renory | ocat | oo difiEnfr the Bresent invirioy, HiicesER 105 8lppbatallfie "105. For
exanpl e, SRC1 @Rgrations suppeited in thenkATr-inted Aschitactire, asidefinediyyinted4 whi | e
iSngt : ??22 i 1; | geo?pnodration'i:f Sagntd ?lﬁzrgtgeélifoﬂ!h%@Wﬂ%i papg DEST
eyl US95) 1560 (BOOKS volumeV\Papg(quqme 2, 1992 and 1993, available from Inte| of
ib'nt its bit : E!S’raelitatﬂilaughalif;mia)emndybw,rpwmsﬁohgobidansgwthbfedt Br O?ﬁh
| | - : s ye mnmmene haSLLNALCALEA DY LNE
above Figure 4% t ﬁﬁgﬁaﬂ{‘ @Il%urgeetsfggp‘lgsf’gb@ﬂg'%?mgesson @‘@%@"cﬁ%%gpypes in a .
si xty-four bi tmmﬁ@d_rtegn@qraprate_f@u_re stnuctions,taswelhad those describest or age.
ng[Jr e o Erokl. WhaKIs ImpaRaHiisi A u%ﬁ?@g?gﬁ Foean support 11 ¢
oy Bt ceverProrieyslyugad oderaloRsn eﬁiﬁ I8N 40 the:operayons described heiein.
processor st ori ngAbstept391,, thexdecoder-202 reckivies LeomalTsigret 207 Trom12. 5% of
t he r e . X .~ R Q1435 . 9y fiLrst.. fewbits of
oper ati ons - oither tie EAERE 20 or Byl A, Dot 03 Bcngies Ing. &gt Saril
gi tgurfe 5a |t | | Jetdﬁmnenﬁbemsatmf;?bm p@fogglé:dged qjigjj a. T;': ?,Sﬁp“ked'
ata formats are Détoddranzcatcdsas  Radigtab ' i Gl ,.ﬁ&g
packed doublqug& gﬁ- gacéfd qi-e ;ig*%ﬁgaﬁggﬁgﬁnenﬁog?ﬁthe. Fése t .
i nvention, is %i ?QB/ gufegistars;i hbé tegistar flerf %i%merﬂaﬂabéﬁ%'gﬁ insthegach
dat a elraemory i are@ceessed:dependingonahelregister atitiressspedifidd irsthan
i ndi vi dual pi « ral sianal 967 FBdEnJrdliai &S0 i [ ingle register. (or
menory | ocati %ﬁtr\?\ﬁl ts'ﬁngl %ée?dpsrae%gt &réae%g%ﬁnwggé?g’&?ﬁrﬁl In one
enbodi ment of Signal@L0wan include SRCHy SMGHand DEST tegister atidtassasel erent s
Elt ?;egf | 2 ga{ Qﬂlsﬂ%théaédﬁébs_b?%_ firsltaggwggt}‘\?gr &IS - si%g@rgﬁér]g iht !snl ong
and cont ai ns ?’6%?8%'?‘515%'?9"99‘5‘9'- i1, 59Me Gases; the gé&?%@fﬂ%@zommr@' el enent
contai ns si xt @rmatiallopsrations requinefteorsoiirce addresses. If the SRC2 address
: is not required for an operation, then only the SRC1 address is used.
DEST is the address of the destination register where the result data is
stored. In one embodiment,_ SRC1 or SRC2 is also used as DEST. SRC1,
SRC2 and DEST are described more fully in relation to. Figure 6a and
Figure 6b. The. data stored in the corresponding registers is referred to as
Source1, Sou_rc_:ez, and Result respectively. Each of these data is sixty-
four bits in length. S o
In another _emquiment of -the_ present invention, any one, or all, of
SRC1, SRC2 and DEST, can define a memory location in the
addressable memory space of processor 109. For example, SRC1 may
identify a memory location in main memory 104 while SRC2 identifies a
first register in integer registers 201, and DEST identifies a second

e



Packed dowlggieied 503 is sixty-four bits |ong and contai ”SPHﬁJssylml
doubl eword 403 ‘data el enents. Each doubl eword 403 data el enent

contains thirty-two bits of..information. -+ Figure 5b through
Figure 5d illustrate the in-register packed data .storage .
representation. Unsigned packed byte in-register representation 510

illustrates the storage of packed byte 501 in one of the registers RO
212a through Rn 212af. Information for eath byte data elenent is stored
in bit seven through bit zero for byte zero, bit fifteen through bit eight

for byt gn itwt thirty wamjwm BeRy: thé rermaininy bit sixty-tree tieroughttsit t wo, bit
thirty-one roui%hhblt ﬁewoy four for byte three, bit thirty-nine
t hrough bit thltpw qng,are the sign te four, bit forty-seven through bit -

forty for byte fi\Asindicatéd byythé a_beve Figure thl.@gh Biguré ddi stosaggof f or byte
six and bit sidoyid Baefybas M8 ikt fods Bif Widd tedidter is an in%c?&‘t]rﬁtgl_%d of

PCT/ US95/ 15681 _ o
In the fol | owi S¥P'@88cFPHEXYAPlE; farsterageohan BW'QNQ‘}P&"‘G \Roregistahd

doubl ewor d subfrasieéénmmnmbebn Emy-mfééwhmu Ribit eight musPba2eko,twhily 0 of

F qur o bt oGUNY it 38PeN 1rBugf b ek o 63 5?%@%?-@@&@%# ons used

in one enbodi nmbceﬁsm’lstnrmgaabyte inrey sixty-four bitcegistenyses, onlymEIE@%@flU}ee -

t t

i eger 1 egi o 10 FeqeRiy. Sty CRAAE Hret B b SF derafions (P9 050 L1
201, is sixty- P@uﬁo"ﬂiﬁﬂ@)ﬁanlwn'tlzg%WﬂkbﬂaWM+ ment, a register, in

| nteger reg) ot er  Figro S Ibirsfes theats miats e @ickodiata! Thres pedkced (y of
registers, Jawiﬂf%ﬁ?fﬂ'”?*’?%ﬁ%cg?igmggk gép ﬁ@fm’@e gsed.

Unsi gned byt e ipacked idoublewardr503ec Packed byt (n ohbmbaﬂlmnpobﬁmsmsent .
109 storing a 1, ' S | it
seven thr oggh @ly‘{ zéﬁb'é‘awmﬁsﬁs aé&gtgérrﬁél?\g?ggélgl ca?ladéIF nﬁée ata %éte

401. Thelement is anecbyrdorg.£3enerplly, @ dateoplemept is:an mmuame%yt e,
e st B T Ll
bi Fs bit six H#% °Zé'?% ﬁBg %O"QI%”Q@@#PL"B“P REFPMSent s the

sign bit, showrmmtnn tha) number otdatarelemebts siored in a hegister is siutyfourt ei ght
are the conti nyaLiGAaEh blifie Jitin'i btk BF ik element Unsi gned wor d

in- reglster representa redin one register of i nteger
regi sters 201. Bi tPackedanerd 502 isgixtyifourbitslongrand ¢ontaingfevgwerd 402 wor d

402. These Dbit gatd 8leTheMS. Eaich Word 402Ri1a @iénieAtdrRains sikteen bnsiof
t he remai ni ng blf"[ga%lﬁ % three through bit sixteen nust be zero. A si gned
|

word 402 is st&f t fourteen through bit zero as shown in the signed
Packed doubleword 503 is sixty-four bits long and contains two

doubleword 403 data elements. Each doubleword 403 data element
contains thirty-two bits of information.

Figure 5b through Figure 5d illustrate the in-register packed data
storage representation. Unsigned packed byte in-register representation
510 illustrates the storage of packed byte 501 in one of the registers Ro
212a through Rp 212af. Information for each byte data element is stored -
in bit seven through bit zero for byte zero, bit fiteen through bit eight for
byte one, bit twenty-three through bit sixteen for byte two, bit thirty-one
through bit twenty-four for byte three, bit thirty-nine through bit thirty-two
for byte four, bit forty-seven through bit forty for byte five, bit fifty-five
through bit forty-eight for byte six and bit sixty-three through bit fifty-six for



word in-register representation 413. The remaining bit sixty-three through -

bit fiftcW@9%47¥%8e sign field. A doubl eword 403PEANSBEISEBL ed as
an unsi gned doubl eword i n- regi ster representation 414 or a signed .
doubl eword in-register representation 415. Bit thirty-one through
bit zero of an unsigned doubl eword i n-register representation 414
are the data. These bits are shown as {d). To properly represent
thi s unsi gned doubl eword, the remgbping bit sixty-three through bit
thirty-two nust be zero. Integer regi sters 201 stores a signed

E',?#,b U;S’g} cli ssa1 lnthe following: é‘éc?llpﬁgﬂ, references ¥on36 bytéWord, and 5_
CONTROL S| GNALd6@hIbWOrd subfields are mits. Foir lexampde,citsix througbrbit zeroafi nent  of
cont rol si anal yigfiaBia1 110102 (M Y bBSO 25 RiRBsdib SuBRBIPH R foghacked

data. In one e 1 'men o present’ 1 nvention, control signals
are represented aEiguse dbjthroughoFigure 4d illustrate instrgistep reprasentatiens usednt r ol

si gnal 207 froff éne eribbdirh8ntetahE Present inverftivho Foreramplis,andignetDBytean al so

[ h trol si s fr he, 206. . . ., Fi 6
oL 2o el Saael 410 e oo e g el ©
packgg dat a].c Cimtegeri registers|2010M ﬁﬁé,etmbod. imeint,ta remister,lin intggebragistarst y- si x,
rovi des i nfor e s T 10) Jdhe be. - : =2SS0r
D00, for exanpedhs 8 2ReIolr HRindBRoM, i Bndtiel riliid AbA S REIRCEFD0)
bit twenty-fi vistegarsegisterafly is thity-iwe bits ir length.eorthgisimplicityefithes of a

register in 1 egesiion?b folligsicHbesiky 6tr P Tagarregitel, st packed
data, Sourcel, to be used.jn the execution of the control "signal.

Simlarly, hOWG%&'HUWQtH'{I'"Fﬁ%@@ﬁ?ﬁFB_U@? #9899t ourt een, contains the"
222{ :?zsoz hg ) _Unsrgmdsbﬁe in-regi@rsémeseﬁ%qnﬂl]mnpst@_ea pmcessetrirggl z;er

t he operation. ?%gﬁb%a bﬁéj&éﬁ'%ﬁ%ﬁ&éﬂ%ﬁl@ﬁ’Eﬁjﬂfzégrbwggﬁfglrns t he
address of a reeven through bil geee.dn shat registerare dedicated da the databyte Afl1st er
will store theTﬁ6§é'b'Ftsmbﬁﬁwﬁas‘a{b}.%éiidc?erlg{represent thisdyrnaked data

P cat o5 t he Tefging$8 Bits mustite’zetd, Eot s sianed TS nBSEe, Lnd ' second
packed data sorspresentgtion 14, intéger registers201storathel data’ia the fiest senenpacked
packed data &sPhUiEyRIEEEn Bl fora. to be aatd Tri'seynitt i dpfisBnicife | 100 ¢
112 i s reser vesignhitushewn as\an (s e remaining bitishdy-tarae thm'bg‘t Pf&r}ge val ues
coul d be used afp thedeortinBafies 6¢the sign for theuiytenord 503. : -~ Control
R T
of integer registers 201. Bit fifteen through bit zero contain an unsigned
word 402. These bits are shown as {w}. To properly represent this word,
the remaining bit sixty-three through bit sixteen must be zero. A signed
word 402 is stored in bit fourteen through bit zero as shown in the signed
word in-register representation 413. The remaining bit sixty-three through
bit fifteen is the sign field. S
A doubleword 403 can be stored as an unsigned doubleword in-
register representation 414 or a signed doubleword in-fegister -
representation 415. Bit thirty-one through bit zero of an unsigned
doubleword in-register representation 414 are the data. These bits are
shown as {d}. To properly represent this unsigned doubleword, the
“remaining bit sixty-three through bit thirty-two must be zero. Integer
registers 201 stores a signed doubleword in-register representation 415



operati on wgoggtdesr ned. If T 611 equals zero, then a nonsat p&piusogisest
operation-is performed. Saturating operations will be described |ater.
Control bit S 612, bit ten, indicates the use of a signed operation. If S
612 equal s one, then a signed:operation is perforned. If S 612 equals

zero, then an unsigned operation is perforned. - WD 96/ 17293

PCT/ US95/ 15681 _ -12-

byte seven. Thus, all available bits are ab¥d in the register. This storage
arrangenment increases the storage efficiency of the processor. As well,

wi th eight data el ements accessedCONTRORSRINAL FORMATS now be per for med

on eight data ele Se Gl S J Dol ot er.
representation 512%fgﬁhﬂiﬁﬁéﬁ:@g#?@eﬁﬂggﬁg&qﬁgigoﬁﬁ&f%gﬁ@t@% 09. Note
that only the eiugedibytprocessarii9tounanipulate packead data. 4n one embedimean ofi gn
bi t; other bits y@yré¥entTventibnPéontist Sigrials 8 feRir@sénite as thirty-two bits.

Unsi gned packed word | n-register re reSﬁntatl 8312 ILI'Tustrates how

wor d t hr e6 t hr olRRFORSF 02y taceie pmitolSigna 207 dira bus 11 TR 8Rothers 200.
Bit fifteen thrgnsfodimentdecoden2e® cahlaisolrsceive suaineontrdisigrels fronf or word
zero, bit thi rtg:-agﬁg'gbgrough bit sixteen contain the information for data

el enent word on brty-seven through bit thirty-two contain the
information for datfiguredaiiustiates a genanalifasmat fona gontrolsignal opesating en
forty- ei [ BSPlamin Wik i ee.

Si gned packed pﬁak;e&\%gir% cljbné;'?go':‘ gt&%ﬁre%@égéﬁb gft;ia%'?\e gﬁ@%bgmbﬂ txﬁ? o0 the
unsi gned packed Provides infgfation g‘l‘@}?@ @ opPeEfionstohe,pedormac by REPCeSSRA: onl vy

the si x; _eenz h bito9pfor example Spadkedadtitit, kewlsubtraolmmim.. SRCNe02ssary

sign indicator. . . ' a a!g - I -

representation QE&WSHEXT\EVG th%ﬁéﬁﬂ@éj\p@eé _ q“?o‘@“@é%F@?\ﬁggﬁgf?%se% d data

el ements. Doubl gegistgrireregisters 209, Fhistsourae tqgiSjet cmmwheﬁbs&mmgh bi t

Chrough bit 1 hi Co SR, B G fh the execulian i ieCortb ignal Siniery; Ce

i n-register rep|521:¥§é,§9{3', Bitmmpsewgtl'srmh bit fgW%im"E%’ea dressiaf @

g?;ﬁl g}l\?l’ ?Si ?hre 'i_streerir_u regismsea?g_,tma sﬁgénd Bourcet r istéff&ntaigs the packed ar y

AR sl ikl v al atiauid o g
ata and intege . . €

I ndi vi dual prog ' ; | I F@Q;

an addressed re??g{“gﬁ:% éﬁ@%ﬂ@ﬁ@%@r%éms@ge Eﬁ%ﬁ@%ﬂ%ﬁ% datlg%gr

si npl e i nt eger / fNBACKRY datapesation, an al ternative enbodi nent, processor

109 could track thCdntmtbits SE610,Bitwelve and bitithinden! indistes the lenth of

T for ?@T&hﬁgﬁi H AR o SRR ate Mo RbiGRHS o' °

0
L-T nrp}c 25 fixed SZ610 equals 012, then the packed data is formatted as packed byte
- 501. if SZ 610 equals 102, then the packed data is formatted as packed
word 502. SZ 610 eqdaling 002 or 112 is reserved, however, in another
embodiment, one of these values could be used to indicate packed
~ doubleword 503.

Control bit T 611, bit eleven, indicates whether the operation is to be
carried out with saturate mode. If T 611 equals one, then a saturating
operation is'performed. if T 611 equals zero, then a nonsaturating
operation is performed. Saturating operations will be described later. |

Control bit S 612, bit ten, indicates the use of a signed operation. If S
612 equals one, then a signed operation is performed. If S 612 equals

zero, then an unsigned operation is performed.




poi nt i nteger data. WD 96/ 17293
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Data Format M ni mum Val ue Maxi num Val ue Unsi gned Byte
0 255 Si gned Byte -128

127 Unsi gned Word 0 65535

Si gned Word -32768 32767 "~ Unsi gned Doubl eword

0 264-1 Si 9“‘?5 Doubl ewor d - 263 _ .
263 Table 1 As nentioned
above, T 611 indicates whether saturating. operations re being
perfornmed. TheMdesexen thug, a(?'tﬁé’aﬂﬁg W%&ttaef"ﬁg'ﬁﬁr TT“F storage "5

operation's refrrarigememincroases the storage g ffivien encyOofitte processoncAs aall| t

dost i nat ton' 1 O %&hﬁ%t#feﬁiﬁvg %cﬁga%cﬁeﬁgaéd%ﬁﬂé*ﬁaﬁ piwte Bdemed.

processor 109 anseight tgta-elements dimuitanaously. Signed; packed byle inmegistet,

then the resulrepféidnatith stﬁraoeﬁmhﬂy shoréln Aregister R ragistéra 2. Nute L he
operation's deﬁ a'yl on

MULTI PLY OPERA the G'Qh%h b'tm ayeDy bytesiataalement isithe nlecessaryisigont i on,
the per f or mandsit; othéf¥its may or Mpholeé Lsed té indicareaigid by not only

operati ong) Eh?“ﬂ@éﬂuﬁéi‘ﬁmﬁ wors i Hodiiet repreSshtBnAES FoFAbE pow 1o
The packed rruletqd thremthrough wend zerd are siased in one register 9peegtsters_ 268t Founer
Transforns, ﬁﬁ%&h fH8LGH Bt 266 epﬁfd'ﬁ’{he crtT%ta deleﬁieﬁ’l't frﬁct‘r@I aetetor wita!

processing al gor|

ent '
i nvention, th M%—weﬂhmugh bit gixtaen Q@tﬁ'ﬂlmﬁtﬁ'ﬂf%’&ﬁﬁ"ﬂ :jﬂt%our cel),
the SRC2 regi slemenpword bae, bit forty-sever troegh BatiirtySwercontain thed DEST

(Rasui 1) . " ThadfORH@U8n SoP Btk dtbmal W o an K S8Shrdd oMby 0B 211 )
mul tiplied by aight cantaindhe informatior farrdata element word three.cSigned@acked ng on
E Eg lt ggveog;et ftg?r{ﬂéih{) Bisﬁer rbp&(faﬂwtdn 813 s &iftfilaF e nsigned pabkéd or der or
word in-register |Jgpresentatuon 512; Note that only the snxteenth bit of
each word data element contains the necessary sign |nd|cator
' Uns:gned packed doubleword in-register representatton 514 shows
how registers 209 store two doubleword data elements. Doubleword zero
is stored in bit thirty-one through bit zero of the reglster Doubleword one
is stored in bit sixty-three through bit thirty-two ot the regzster S|gned
packed doubleword in- register representatlon 515 is slmllar to unslgned
packed doubleword in-register representation 514. ‘Note that the
necessary sign bit is the thirty-second bit of the doubleword data element.
As mentioned previously, regnsters 209 may be used for both packed
data and integer data. in this embodiment of the present mventton the
individual programming processor 109 may be reqwred to track whether
an addressed regtster R1 212a for example is storing packed data or
simple integerffixed pomt data. In an alt_emattve embodlment_ processor
109 could track the type of data stored in individual registers of registers
209. This alternative embodimenit could then generate errors if, for
example, a packed addition operatton were attempted on stmple/fixed

point integer data.

-,
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Figuwe 6b illustrates a second general format for a control signal
operating on packed data. This format corresponds wi.t h t he general

i nteger opcode format described in the "Pentium Processor Famly

Users Manual ," available fromliIntel Corporation, Literature Sales, P.QO
- Box 7641, M. prospect, |L, 60056-7641. Nde that OP 601, SZ 610, T

61 1, and S 612 are all conbined into one large field. For sone control
srgnals bits threeftnrougn TTve are [SRCL ©0Z. TNn gne enpbodl nent, |where

there is a SRC1 602} address n_bitls.t.hree ough correspond
to DEST 605. In an | M'“*my i3 Mah
address, then bits Fero t Hinsighed Byt e so coigr espond to DE3§5605. Hor

ot her control signals Irkeﬁ gﬁfaﬁ& shiTt _jgredi aife operﬁion, bifts three
through five represg S—t=ta -oche—i :

enbodi nent, this exjensi oIdnsn hedNVarctrogL am@er to ijncl ud@s5835i medi at e
value with the contfol sig #s a s courft val n ong
enbodi ment, the il e ned W %8 —eﬁ-g-nm-e—rs
described in nore dgtasigned Doublewerd|i unf eri® Procdssor 281y Usdrs

‘Manual ," in appendi kK Fg; ough 63 Bit< zer O,gBRrough tjwo
represent SRC2 603.! FS' Red Douk) m S-ef ?—U .fjgrswr,

nmenory to register, register by nmenory, Trabgﬂ§ter by register, regr ster by
| medi ate, regi SteAshibri{mayabW@rWH“iﬁdw%'t whbfhé?%%trﬂﬁﬁﬁ o nghi s
general format can support Inte ister to reglster, |st$r to
i nt eger regi st ¢4re gmpgg)g rqgmed. herefor , using the unsignediyte-d og%
\skA]T:JEATE/ UNSAtTLﬁAaiﬁerataon s result =258and isaturdtion Was®dbled, Théﬂ the rafi:urtat es
ether operati of an -
operation, wt hﬁg@fjuﬁ ?Ignﬂ)%td' tg%#a%?@@ Bé‘?lgﬁtp%'hﬁq {'{%n%é&%ﬂéb@ t he range
of the data, t destiaation registerbSimilarly, rfcanamm'atron:saewlhg -88998 andtting the
result to a Wﬁxpr%&ﬁr 109V, gne? w&ﬂ'd&a%%ﬂlé I'Ht neﬁéwdthe

.range's nmaxi nu ni ase

saturation cla ttﬂ‘% rqﬁh qQ glampackio;-32468 defore belng stared intadBe and i n
t he case of ovemﬁéraﬂon's@eshnaﬂorgmtewal ue. The all owabl e range for
each data format is shown in Table 1. WO 96/ 17293

PCT/ US95/ 15681
MULTIPLY OPERATION

In one embodiment of the present invention, the performance of CSC
applications is improved by not only supporting a standard CISC
instruction set (unpacked data operations), but by supporting a muitiply
operation on packed data. The packed multiply can be used to increase
the speed of Fast Fourier Transforms, Cosine Transforms, and other
digital/image signal processing algorithms.

in one embodiment of the present invention, the SRC1 register
contains multiplicand data (Source1), the SRC2 register contains
multiplier data (Source2), and DEST register will contain a portion of the
product of the multiplication (Result). That is, Source1 will have each data
element independently multiplied by the respective data element of
Source2. Depending on the type of the multiply, the Result wrll include the
high order or the low order bits of the product.



-17- - appropriate multiply operation; SRCL 602, SRC2 603 and DEST.
605 w ses in integer registers 209; signedl unsi PCIASIFHIWEL | ow,
and | ength of the data elenments in the packed dat a. At
step 702, via internal bus 205, decoder 202 accesses i nteger

registers 209 in register file 204 given the SRCL 602 and SRC2 603
addresses. Integer registers 209 provides functional unit 203 with the
packed data stored in the SRCL 602 regist.a_(SourceI), and t he packed

data stored in SRC2 603 register (Source2f. That is, integer registers 209

comuni cate the packed data to functional unit 203 via internal bus 205.
At step 703, decodrigureb Wustrates g seeanchgenerahformad fornacertrelsignalne

appropri ate pagiogtatfg on a?&%éwaé% THS forffes ésfrfegﬂé’n'd dsWith®he general

oM ovt o sl 0P e Bosiboin ths “PomugA pSestor el L o

the data el emeliserstManualsavailable fsomintet Corporation, LiteratuireSales| PExt . | f

funct1 onal - unt BOKEP4C N Btisbeleh, JE- §0b5erka1 NSy eFbP 601, 526107 1°"

data el enents Bi1i and Sa€k2areiall gombiredinte onpilarge(fiald.Jersame contsal

bit data el :n&%@w@wmw B e g Stnbodithants WherRe

enbodi nent, ei §Rredsa gﬁ&séj@ém - Ftt?ﬁgtalﬂtséﬁﬁﬂ'tm%gfigv%m FFRARANG! i es

alr e supported. t¢iDBSFE05] In amaltérate sinbddimant, where théne-is aSRCR 608 a )

el ement size p ; > ! . t he :

size of the da QEE%M%B#%Z@M&W%@%&@ °99§°iDsE_-S.ﬁ%_Bgme:§gcut ed. '

In step 712, t kthargontwi signals, like acpacked shift immediate opesatian, bits threehr ough

zero are mul ti Hrogghive v8preseat Bhextamictd thelorsdodeafidld. In one 9enerating

Result bits seve arough, zero. Sourcel bits fifteen through . .el ght

o mul t1 pli od SBPasimeEt Iniiaxtension alows & HIAGFAEMAR fo inbiean igmedidie

Result bits fi vakewithtieigbnteolgignal Ssuctcas alshift cowatnialué.Hnemet hr ough

Sl Xxteen are nu ¥ _ | - T : Leen

generati ng Reshhd%'@gnﬁméwﬁ%g \{%{%@Eﬁéﬁb?&éﬁt%@%@ﬂ%ﬂﬁﬁﬁ s thirty-

one rou : | ' ; rou
through t weisgrbedin mete detalliip the tPeptiumllt Peacessor FamilyYsesise t hr ough

bits thirty- ot anyelDh BBoohdix F, pagbl Fi1 Ihibigh e BAS 2o hitogty o Sourced.

Chittyonine | TepresantSHr2 e 1T Gangm st ajons eUister i IoGistan » - ni ne

t hr ;)ugh } hi r t y memory to register) fddiste® By memory, register by register, register by

PCT/ US95/ 15681, . . ' . . - 1Bs ate

In one enbodi mimpegiate,eaistacio memory addressing, Also, fr‘o°v'd°n°g’.“98ﬁ't"i‘%f‘ this

general format can support integer register to register, and register to

integer register addressing.

DESCRIPTION OF SATURATE/UNSATURATE

As mentioned previdUsly, T 611 _indica_tes"whethek operations
optionally saturate. Where the result of an opér_atioh_, with saturate
enabled, overflows or underflows the range of the data, the result will be
clamped. Clamping means setting the resuilt to a maximum or minimum
value should a result exceed the range's maximum or minimum vaiue. In
the case of underflow, saturation clamps the result to the lowest value in
the range and in the case of overflow, to the highest vaiue. The allowable
range for each data format is shown in Table 1. N



operati onswoss/yegsported: nultiply high unsigned packed, nulporassihsesin

si gned packed and nultiply | ow packed. Highi'low indicate which bits from

t he product of the nmultiplication are to be included in the Result. This is
needed because a nultiplication of two N bit nunbers results in a product
having 2N bits. As each result data el ement is the sane size as the

mul tiplicand and the nultiplier's data elenents, only half of the product
can be represented by the result. Hi gh caulés the hi gher order bits to be
output as the result. Low causes the |low order bits to be output as the

resul t. For exargppropiistermetiply/opliration; SRCJ602, ISRC2 60Btand DESTH05

Resul (7.0 kbdlod gl et 2 $fRedLRREEbg) ook End . oo

of the hi gh/ | ow of the data)plemantsm thedpacked databves t he pOSSI bility of an

overfl ow from one t t | ement .
That is. this nodi fles?ep 702, wa‘%ht‘éi‘ﬁ&l bug'%65, dbeoRsK boBi a%& §3§ P of

|
the product are fPSISBﬂS.Z%&'Hées'éﬁnfﬂe 204 9‘V°W\ﬂﬁ1gg‘é &Q?CEFQ% rflows.
The programrer cridrgsses. Mteger ragisters 209 provides?finetibnalri 203 withnge a

o ogr amer can HEEREH i Bl ﬁ“ i 8% SRE oz ister gsourc8Y7 Bicfineldiied
t hen, using the dadastagedind %BOSGegBtﬂ (Seurae2); Pihat ssm\teger registexs 268
operation to Obtﬁnﬂngﬁ@tit@eﬁg%{igﬁg'fﬁ?@hm Ell ibb | taS fHé?lﬁaLbus 205.

operation is provi roduct

are the only i npor tAtritep 08, gecadar %@Lﬁhes%ﬂ@t'ﬁf@bﬂ@hﬁ@?"%ﬁﬁ rteEndhe t he
hi gh order bits appropréaterpadked maltipy bperaticr. Deoodes 202 faghéor m any

| one. enbod: nesorinbiigat Sﬁﬁfefﬁﬁb@ﬁ PR NG Hire Bl farBlibMERR pra the
Source2 can havdighliow forthe multiplye@peraion.pr ovi des the programmer with

the flexibility to Aiaéfﬁpehé' fﬁeeélié'bfg'?d H&a@e&ﬁ Lgtﬁirééhﬁﬁéseivhfdﬁr%éﬁﬁ‘to

mul tiplicand in Sourc tes one e di ment of
a net hod of perﬂﬁ%@%‘t@ next. If the,size Q%QQ%?QQWG"GHS gight bitsdbyte. Cl'afﬂ) |
enbodi nent can hieen fgrictional exnit 203 performsistep P12cHoweved thefside githe 2.

br ocesbor 100, A OefRemAds “%éaég%%{a S ERMETRL B e wo

96/ 17293 functional unit 203 performs step 714. in one embodiment, only sixteen
[TLE1 150 el et ator ot -
00001000 em qqei |g;ght bat and sixteen |t data, At size pagked mu mp§ iply
1 Ml ti @irg suppbrted. However, in another embodlment a thirty-two bit data

element size packed multiply is also supported.

Assuming the size of the data elements is eight bits, then step 712 is
executed. In step 712, the following is performed. Source1 bits seven
through zero are multiplied by Source2 bits seven through zero
generating Result bits seven through zero. Source1 bits fifteen through
eight are multiplied by Source2 bits fifteen through eight generating
Result bits fifteen through eight. Source1 bits twenty-three through
sixteen are multiplied by Source2 bits twenty-three through sixteen
generating Result bits twenty-three thfough sixteen. So_urce1 bits thirty-
one through twenty-four are mutltiplied by Source2 bits thirty-one through
twenty-four generating Result bits thirty-one through twenty_-four. Source1
bits thirty-nine through thirty-two are muttiplied by Source2 bits thirty-nine
through thirty-two generating Result bits thirty-nine through thirty-two.



00000000 00000000 00000000 00000001 10000000 00000000 00001110 10000001

WO 96/17293 PET/US9S/15681
00000000 000000 00000000 00000000 01111111 10000000 00000000
11001011 -3 2 1
0 Table 2 Tabl e 3
illustrates the in- reglster representation of nultiply high signed -
packed operation on packed word dat a. 11111111 11111111
11111111 00000000 11111111 00000000 O0U®Y1110 00001000 Ml ti ply
3 Mul tiply Mul tiply 1. Mltip . _.00000000
00000000 0000000#N ooeeommembotﬁhemresemummm@é@Mmm@mdw!

operations are supported multip h unsrgdb@ﬁ&dke@%ﬁﬂﬁ&? hight 111 él

%1111111 Ooooagggd 1;:%%908 %(r)td r?rglgpgrolow(pac %l tlil ghllow (indicate which bits from

Tablked3 | | the pro@abt ef theimukiplicationsarette beinclegedtin the Eteselt.e‘ﬁhrstrs on of

G
11111111 111117999€d ﬁﬁ%ﬁ%’%ﬁ of ﬁ?ﬁgﬁﬁb&%ﬁgﬂ’m BRRPayct
00001000 hawngmm bitg;| As eachgresult datammept i the same size as g ¢ i ply 1
Miltiply O mult g:hcﬁﬁe@ﬂa(tﬂe MRDAORES d&ﬁ%ﬁ@ﬁts()%mlof th&ﬁ%ﬁ@p

200 o oRhBe saBBEnted by the result. Higherisss eI PHBE S IR

= 0000
10000010 000016d@put as the result. Low causes the Tow order bits to be outpiit as the
L result. For example, ‘Sourcet [7 0] is unsrgned high multiplied by Table 4

WO 96/ 17293 ‘
PCT/ US95/ 15681Source2[7:0] gives the high order bits of the product to be the resylt. _

Sourcel bits fnbgumyqnen through forty are nultlplled by Source2 bits

Forty- In one embodiment of the present mventron the use of the highliow
operation modifier removes the possrbmty of an overﬂow from one data
element into the next hrgher data element That is, thrs modrtrer allows the
programmer to select which bits of the product are to be in the result
without concern for overflo_ws The_ programmer c_an g_e_ne_rat_e acomplete
2N bit prodt.rct using a combination of "pat:ke&d multiply operations. For
example, the programmer can use a multiply high unsigned packed
operation and then using the same Source1 and Source2 a multiply low
packed operatron to obtain complete (2N) products The multiply high
operation is provrded because often, the hrgh order bits of the product
are the only rmportant part of the product The programmer can obtain the
high order bits of the product wrthout ﬁrst havmg to perform any
truncation, as is often required by a nonpacked data operatron

in one embodiment of the present mventlon each data element in
Source2 can have a dlfferent value. This provrdes the programmer with
the flexibility to have a drtferent value as the multrplrer for each
multiplicand in Sourcet "

Figure 7 rllustrates one embodlment of a method of performmg a
multiply operatron on packed data. Thls embodlment can be implemented
in the processor 109 of Figure 2.

At step 701, decoder 202 decodes control signal 207 received by
processor 109. Thus, _decoder 202 decodes: the operation code for the



seven thr ongheiawsy generating Resul t forty-seven through fp¢tpsoshasgicel
bits fifty-five through forty-eightsare muttiplied by Source2 bits

t hrough forty-ei ght generating Result bits fifty-five
t hrough forty-eight.

mul tiplied by Source2 bits:
t hrough fifty-six.

fifty-five

si xteen bits,

then step 714 :

generating Result bits sixty-three
Assum ng the size of the data elenents is

is execlfed.

is performed. Sourcel bits’ flfteen

Source2 bhits f|
t hrough zero.

by Source2 bit
thirty-one thr

thirty-two aref

fteen through

miyrengait

zero g

N N911g11 15008000601
bour ce; |;s_

In-.step

714,

neratlng Res‘lt bits flfteen

Sourcel bits sixty-three through fifty-six are

the foll ow ng

t hrough zero are nmultiplied by

a}

bl i ed
ts

mom'
plt1 pl1ed by

thirty-two gengroaoo0om 00000000 | OG0B0 e cel
bits sixty-thrg¢e through forf{y-eight are nj urce2 blts SIxty-
three through ferty—erght—geperat-rag—RestHt—oi-t-s—tiy—t orty-
ei ght . 0000000000960000(h b cbDE0B00,00000e00n] 101 1 pi1 490000005t A0BOGHDE 12008011

per f or med si nul t aneoud|y. However, Z2h anot her e i ment, thesed
multiplies are per f or ned serially. | h anot her enbadi nent, sone of

these nmultiplies are

serially. This
as well.

Table 2 illustrate

di scussi on al'so appta

Tebie 3 rhirs

t he Res

the, in:rg

performed sinmultaneously and sone are perforned

@30 the nultiplies of step 714

I S st

ﬂPé&ﬁ

iiin of bl bian

ST regi
Iply

ster.

unsi gned hi gh opignedi packed qperatoh mlpdcﬁedwordldatdl rst row of bits is the
packed data representation of Sourcel. The second row of bits is the

data representgtion of .Sourcg2. The third yow of bits iz t he packed data
representationlof_the Result]l The nunber below each data elepgent bit jis
the. data el emefty fyfRer el 0000008 F $111 121 Bodbsisd boobi1Fo booro00
11111111 00000 ; 3 Fi 0
PCT/ US95/ 15681 Multiply i Multiply -

hi gh order bit$ o84 thqmggp%; 110" of Qut s
of the O IOt pT S ar € COTTD =

result. This resyl t i ult red ster 1 871.
Packed byte mu| iohibhc" 0oBdddod Scobdodd s foo1gix

mul tiplier A 8g0 tnrougn SxXg[ s Mot T prtrer | an
eight bit input from each  of Sourcel [63 0 831 and Source2[63:0] 833.

For exanple 8x8 multiplier A 820 has as Tamplet3 Sourcel [7:0] and

Source2[7:0] while

Sour ce2[ 63: 56] .

Iow operation on packed word data.

J‘%ﬁﬁx@*‘hﬁﬂ%ﬁe{h&m9@5@@%?{86?9@3“?# ﬁh@%%ﬁ%@ﬁp

6]
88

11111111 11111111

11111111 00000000

11111111 00000000

00001110 00001000

Multiply

Multiply

Multiply

0
Multiply

00000000 00000000

' 10000000 _00000000

00000000 00000001

00001110 10000001

00000000 _00000000

11111111 00000000

00000000_00000000

10000010_00001000

3

2

1

Table 4

0

and
2.



Each 8x8_nultiplier produces a sixteen bit product. For each nultiplier, a
mul tiple %6’ Mk4 860 and Mk1l 867) receives the sixt RGT/VIF/1568L | ¢
Dependi ng on the val ue of the high/low enabl e 880, each mnultipl exor

outputs the eight high order bits or the eight |ow order bits of the
product . The outputs of the eight nultiplexors are conbined into one
sixty-four bit o result. This result is optionally stored in a result
regi ster 2 872. The byt el wor d enq}l) e 881 enabl es the particul ar
result register, depending on the Size of the data el enent that the
operation req£res. ) I n one (Eqnbodi ment, the area used to realize
the mul tipl i ePUCOLBIilE forty-seven thigugh foriyare multiplied ty-Soursa2 RitsifeRYy bot h
two 8x8 nunbersgven timotighGsity generating Resiifortylssvien throlgkPfottyd Sourddp! i er s

i i pl i or - opAEye ot tonyepigps £ Wultbied By iR ks MY AR 21 . <i 2

for the nulti ghrpughrforysightigenenatingBesult bite fifty-five throughi forty-eighta used by

ecure " paoRyteet Bied 8yt Hita8 throbghMGLsix aho WilMiblied by SouRRzbitd | cu! t to
anot her enbo.dmﬂﬁ[gfﬂl%'ﬂﬁlm Etﬁs §M<@98@JSH§MM‘%I tiplies, .one |
mul tiplier can pexdsaming thd sizedfineé datd sRmeritefs diktebribifs! thewteps714 one

Te T o ovieeecinditn SR iR oS B s ol Sl b HlesE R ' "

resul t thrgughaerg ass mulliplied byoSource2rbits fifteen through zero  Ther efore,

the packed migonglaingpAsali ofs fﬂﬁb&%ﬁf&h@&d&@# BifdfhiRy.ong ©l cTents. (
I n prlor art rocessors, to nu tli[) el pl elceS.O ata, eacr one
word long. foliroughAPaeen ae muNRliaciiy SOUEe2 bits Animpena dareugh sbdesn |

oper ati on woulgensratingrResultbits'thitis-onb throughisixtebheSburtel bttty Ebvaat a
\IQQT? 8/8519;2%6 8ihrough thirty-two are muitiplied by Source2 bits forty-s_even throygla_

PACKED DATA Cthitystws generating Resulh bits fortyrsevemthrough thirtyxiwoi Souragder at i on

can occur on Ixl-ShrdattRrouah fortvESSiEEAHe Smibinlidd b ‘ sfdy-Cl ock
cycles as a s?ﬁ%?seﬂ}nmﬂig tﬁmthfony%(;mng?f%R ?Qe#wﬁg? .gs BéP(’) achi eve
execution in egaF%‘Qtﬁ'dsﬁé 1eight generating: Rgsyit _§I$j dy-thygedhraughsionys used.
That is, regieights are sinmul taneously ' i nstructed to performthe
mul tiply operati . . . Thi §.i _ ' sed in nore
detail below Fi 3’3ngﬁ?t’ﬂh??‘ﬂ@#?&ﬁbéqﬁﬂhaﬁ%@o@ﬁb?ﬂ20?'9&93.'% el 7L it ¢ hat
can perform asmmltaqqopslypm_ aven, inransiberembadiment, thesesnuitiplies are  nunber
of . ock cycl péridfmad Bakikll 1N ahBfieHdrRbodimei N Of ibse multiples are 7 OUI @
8|IIustratestR8 use o0 ltiplier circults t er ormgai,-, byt e
or packed wor ReFAIM FP@E“M%S@W?’GIP neshsanally- This circuits
performing t heiscubsionldlsaappiies tortheahukipliesot siep BAapweilesses the control
At step 720, the Result is stored in the DEST register. |
Table 2 illustrates the in-register representation of packed multiply
unsigned high operation on packed wprd data. The first row of bits is the
packed data representation of Source1. The second row of bits is the
data representation of Source2. The third row of bits is the packed data
representation of the Resuit. The number below.each data element bit is
the data element number. For example, Source1 data element two is
11111111 000000002. _ o =



si gnal forwoieértm®sti ply operation and has the foll owi ng out porasesiisesy | ow
enabl e 880; bytelword enable 881 and sign enable 882. High/low enabl e
880-identifies whether the high or | ow order bits of the product are to be
included in the result. Bytelword enable 881 identj.fies whether a byte
packed data or word packed data nultiply operation i's to be perforned.

Si gn enabl e 882 indi cates whether signed :&l{/\él plication shoul d be used.
Packed word nultiplier 801.nmultiplies four"\oord data el enents

si mul t aneousl y. Packed _.b?/.t."é"’rrul tiplier 802 multiplies eight byte data
el enents. Packebighoorderbits opthe:sixteen lowdorndat bitsl o the=pragiuct. JThe-eutpots of

both h the f ' i : ' ' - : 833,

s?gn eﬁ\ellgl e 882mdamgr%wlﬂla“ev§eanr§%nq§é8§ %ofgneBé?}ty fggggﬁggdélﬁmg;'gi stI tiplier

801 i ncl udes f otastids o9 9{]?'&5‘9(_ Ina resyyit register 187146 6 nuitiplier A

810, 16x1 6 multi pFaeked bytelmultiptiér 802nindluges eight-8X8 Mmultiplier cirenils:18x8L 6
Itipli D 81 6, LRl . ' ol I

L e, 2 Skt abost byloh S e . FBBH SR myypier il 6

Sour cel [ 31: 161eight bikinpuwidrgr acheif Sousseal[63:10) 1881 @nd-Sowrce2B3RKB3B i nput s

Sourcel [47:32] Fapdxa féﬁ%l&%ﬁibr%h%ﬁi%ﬁﬁyﬁur%ﬁ?%]m as inputs
Sourcel [63:48] and rce?2l 63: 48] .. Eac muj ti €r I's nect ed
to the si[ gn enLﬁPH"Qég;:O H’i‘ e I%U’HBE&W Bedr ﬂ?r%%llf@é’gs 5@%‘&@%@8@

pr gdtl\JAc(g . 8ggr eaSbude[?&BB]aran_a 8r8 multiptispis dovinectédto ﬂhhlsiiﬁénable%&z_sz

an res i : =t t : ng on
the val ue of thgsﬁ{]'a%ﬁ lﬁé@&ﬂéﬁ%@réﬁ@g%?géﬁh&%ﬁﬁ‘?@?@é}bfagéa @Fk‘mﬁ@?g# x'? een
WO 96/ 17293 multiplexor (e.g. Mx4 860 and Mx11 867) receives the sixteen bit result. -
‘Fr)ﬁ'T/ U§g5/ 35321 Be‘pendinglon thg value of the highjlow enable 880, each multiplexor

-2 '35 eet ras o&t%rﬁtsﬁ?% Sight high order bits or the eight jew-@reierhits of the praguct.; <
Ele?in gegohg | o tThe ogtputs of the’eight mestiplexors@re ¢ombined into one sixty-féuabitiecoder
si gnal having a%{ﬂ&?ﬁ%ﬁ’g?g%@é@%ﬂél&%@ggéﬁ?Ggggg?éél%g&&%?s%The

a destination abytejwerd enable 883 enablesdherpasticylastasultiregisters daperding on
address correspgigiiipg of mé‘déthrélémbﬁ?ﬁfdt thee oﬁa}dﬁgﬁggaﬂﬁeéo.‘” ce

2ddr ess. cor r espondligne SmbafMpEL, e areaeec i ralge iae Majiinlesiia reduced
i ndi cating t hat byamaking circuitscthaticam traultiply both twa 8k8 muenbers or onei 16x16
to be performedn,ABdr. That is, two 8x8 multipliers and one 16x16 muttiplier are |
combined into one 8x8 and 16x16 multiplier. Operation control 800 would
enable the appropriate size for the multiply. In such an embodiment, the
physical area used by the muitipliers would be reduced, however, it would
be difficult to execute a packed byte multiply and a packed word multiply.
In another embodiment supporting packed doubleword multiplies, one
multiplier can perform four 8x8 multiplies, two 16x16 multiplies or one
32x32. _

in one embodiment, only a packed word multiply operation is
provided. In this embodiment, packed byte multiplier 802 and result _
register 2 872 would not be included. | .

Therefore, the packed multiply operation can operate on multiple dat
elements. In prior art processors, to mdltiply eight pieces of data, each
one word long, four separate multiply operations would be needed. Each

operation would multiply two words at a time, effectively wasting data



a circuit being coupled to said decoder, said circuit for nulti ing a
first pacWe®sHMza93 being stored at said first |ocation mrtthWUSSR/
second packed data being stored at said second | ocation, and

- for comruni cating a corresponding result packed data to said

third | ocation. 2. The processor of claim1l wherein said first
packed data includes a : plurality of data el ements, each data el enent
of said plurality of data elenentiduﬁ;etslze and sai d operation
field further includes an indicator corresponding to said size.

3. The processor of claim2 wherein salg Si ie I s _one of packed byte,
packed word, and packed doubl ewor ' 2. The processor of claim

‘é\ger e said firsjy m@bﬁtbdéﬁtherg\t $hé mﬁltfplﬁwperatlon can bedur.on multiple data
- - t t
(CPU) conpri si %melv%'" the  samg né‘?'gt?ei'g‘g ca&i‘a&%i% $§§ %@Iegﬁﬂgﬁﬁg: zgaup: r st
packed data andperaaenmm.mﬁaqkadldala.dﬁmaChlsyﬁmcumlylﬂﬂi@liﬁmﬂ@u mberiafst
plurality of @IE)@R &BE“@a‘raﬂ@ﬁ%}rﬁ dséd. |f"|‘é§1§tér%>ar8fsuﬂﬁ&§n@ownt S,

ef éneh ur

wherein each dala |rst

| .
corresponds t oingtrugtes to|pararm the rmuitiply jon ond gr&‘?@ﬁ'ﬁ?eﬁg ntégement s;
/ a decgidenssatiin rapfedetafl bmwoﬁgare Bniistratés one embatimest ofiat i on 8

sel

ot ruc on opaeBal 85t paRot, Skl SolfiehHn PpRRLGaE T masathe 7. |

10 length is pumiberbf clopksyebeas amuitiply ioperationen anGCkQSf dataxt y- f our

3'etc z de‘?”dc o ﬁ fli Fi é;uré‘ gAlitstraths 1@ LB OF niuhipie? cﬁb@ﬁ@ﬂ?o@ﬁ@ﬁn paedkéde '

’ gyte or packed word multlphes Operatlon control 800 controls the circuits
performing the multiplication. Operation contro! 800 processes the control
signal for the multiply operatron and has the following outputs highjlow
enable 880; byte|word enable 881 and slgn enable 882. High|low enable
880 identifies whether the high or Iow order bits of the product are to be
included in the result. Byte|word enable 881 identifies whether a byte
packed data or word packed data muitiply operation is to be performed
Sign enable 882 indicates whether srgned multlplrcatlon should be used.
Packed word multiplier 801 multlplles four word data elements
simultaneously. Packed byte multlplr_er 802 _mult;pl:es elght_ _byte_data
elements. Packed word multiplier 801 and packed byte multiplier 802
both have the following inputs: Source1 [631)] 831, Source2[63 0] 833,
sign enable 882, and high|low enable 880.
Packed word multiplier 801 includes four 16x16 multlpller circuits:

16x16 muttiplier A 810, 16x16 m_u_ltlpher B 811, 16x16 multiplier C 812
and 16x16 multiplier D 813. 16x16 muitiplier A 810 has as inputs
Source1[15:0] and Source2[15:0]. 16x16 multiplier B 811 has as inputs
Source1[31:16] and Sourc92[31 :16). 16x16 multlpller C 812 has as inputs
Source1[47:32] and Source2[47: 32] 16x16 multiplier D 813 has as inputs
Source1[63:48] and Source2[63: 48] Each 16x16 multiplier is connected
to the sign enable 882. Each 16x16 multlpher produces a thlrty-two bit
product. For each multlpher a multrplexor (Mx0 850, Mx1 851 Mx2 852
and Mx3 853 respectively) receives the thirty-two bit result. Dependmg on
the value of the highjlow enable 880 each multiplexor outputs the sixteen



12 sinmul twoeeumby nultiply, in response to the instructi onpCErusdIs/Ised1a
element: 13 from the first plurality of data elenents with a
corresponding data 14 elenent from the second plurality of data el enents
to generate a plurality 15 of result data elenments in a third packed data,
wherein each result data 16 el enment includes high order i $iet®las BRWREpIIT

bits. 1 2. The processing unit of claim1l1, wherein the di

configured to 2 sinultaneously. mltiply, r@3response.to tqﬂﬂumuml

each signed data 3 elenment fromthe first plurality of dat h a
correspondi ng 4 signed data elenent fromthe second plurality of data

el enments to generate 5 a plurality of signed result data elenents in the
third packed data. o - JHE CLAIMS - 24 -

1 3. The pro |« lly:Qf claim1, wherein the circuit is configured.
to 2 sinul tanemé JE%%‘%I'% in response to the instruction, each signed
or 3 unsigned data elenent fromthe first plurality of data elenments with
a 4 corresponding, sj %ned or unsigned data el enent fromthe second
plurality = 5 of dht mm@e&ﬂ’éﬂmerate a plurality of signed or

unsi gned result data 6 elenents in the third packed dat a. 1 4. The
processing unit of claadecodbr beingy eouplédhto receive a controLsignalk said contrd- bi t

multiplier circuits, e o | | i 3
from the first plural; roonaiaith BHstod it hbRRs 4sbcBnd Solnde S0dREs, °
4 fromthe second packeddgstinationsaddress.angd anoperatian ieldasalﬂ%rst SPUEe | ow 5
enabl e input, and each address coffespondiHy to aXirSCleBatich, (saidis66HHd §biirced

mul ti pl exor, each multiplexor receives a,thirty-t bit result framthe 7
fespect i ve 16-bit mil t | 9TEES CPFERPENCINALe & second locafianssAsl destinalien
ihnpﬁt 8 at dt hebhi gh/ | caddres$ corresponding 3¢ & third logdtione saigcoperatiers fieldx t eeln

I g .9 order bits or gj | A TAHE b4 seesul t,
the 10 gener ated si xt@gﬁgﬁﬁgﬁﬁ%\r’%&pgﬁft@ckédgag @e@‘cﬁgévntgﬁ%ér“%' s are .
placed in 11 the third {odaperiommed;&and he plurality of result data
el ement s.

a circuit being coupled to said decoder, said circuit for multiplying a
first packed data being stored at said first location with a
second packed data being stored at said second location, and
for communicating a corresponding result packed data to said
third location. '

2. The processor of claim 1 wherein said first packed data inciudes a
plurality of data elements, each data element of said plurality of data
elements has a size, and said operation field further includes an indicator
corresponding to said size.

3. The processor of claim 2 wherein said size is one of packed byte,
packed word, and packed doubleword. '

4. The processor of claim 2 where said first packed data is sixty-four
bits. '

* [+ L M ] *



1 5. A?‘gf éﬂ pur pose central processing unit (CPU) conprising: 2
afirst s % B ea configured to contain a first packed PSTEHNHII6BY a 3

first plurality of data elenents; 4 a second storage area configured
to contain a second packed data 5 having a second plurality of data

el enents; - AMENDED S H EET

mWw | 39 APR I

- 25 - 6 ' a decoder confi gured_#g_ decode a packed multiply
instruction, the 7 i nstruction sel ected om an instruction set of said

general purpos nstruction o erable to set a |length of .the
dat a el enents, ? QFr?'@HFHr}ﬁab Hﬁé]}qr dhe !}ﬁt‘hﬁlﬂ@ higheritban bifi t s
thirty-two bi tsnxtenn sqsmufmererhire product fnay Aorbe of dse to the pl%g?arhﬁwrt

b tier ! Phe " Thfstbre, 316 BRthraRifief Wh 74 ‘ip AfrRief6 eBPA proiuct USinge (o (e

13 packed mul thqapgcka%wum operatioohtheseightpieces of datmu:an be niultipked
plurality of g mélee@.bemmaapa#anancwnﬁﬁmwQ tCafgent from the
second 15 }/ %ﬂ e r]?é plurality of result
data el enents gnt. Inthis,e oﬂﬁﬁﬁ%lt ﬂatalmqswél@aweelevm&géaar ea,

- wherein each result data 17 . elenent each includes high order bits or |ow

order bits. 1 A rﬁach%c%Wlﬁ@aHr?h\bré)\;eac&&anr}\fr}mpﬁ\@éei{oen' Speratio Ireuit

is configured to
has been described.
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2 multiply in parallel —r—ﬁ-ﬁeSJpeﬁse—t—o—t—heflnstructlon each _signed data 3

el enent f PEhYY e”flrst erHr ata Ierrents wth a ng 4

si gned data el ement from'™§ ahty of data elenments to generate
nts in the third packed data. 1
in the circuit is configured to 2

5 a plurality of signed r

7. The processing unit of

si mul taneously nultiply, |n response to the instruction, each signed or 3
unsi gned data elenment fromthe first pIurg%rty of data elenents with a 4
correspondi ng signed or unsigned data el éfffnt fromthe second plurality 5
of data el enents to generate a glurallt of si%ned or unsigned_result dat a

6 el enents in thedt ine progasserotelaim 1 w erein said destination address is said
30 we first source address. L C _ _ _ o
- 26 - 1 8. The processing unit of cI aim5,wherein he circuit includes

f our 2 16- b|t nultrpller circuits, each multiplier circuit receives a

L e ol Sl St g
mul tiplier cirMhatheessaid resuit packed datasinclises) highererder paekeddata®n tipl i er

circuit is. colgwRStdéOpackedddtai6r saif mtﬁmbl&iny- exor, each mul ti pl exor
receives a - thirty-two bit result from : respective 16- bit

mul tiplier circuit, wherein, depending.on a value input 8 at the high/low
enabl e i nput, eaCJ?. %bf’&és‘?ﬁf oP GBIt I iferain &8ty pe 8F packed data
muitiplication operation is one of multiply high signed, muitiply high .
unsigned, and multiply low. ‘

8. The prdcessor of claim 1 wherein said processor includes a register
file, said register file includes a register, and wherein said second location
corresponds to said register.

9. The processor of claim 8 wherein said first location corresponds to
a memory location.

10. A method of multiplying packed data in a processor, said
processor having a decoder, a functional unit, a first register and a
second register, said decoder being coupled to said functional unit, said
first register and said second register, said method comprising the steps
of: '

said decoder decoding a control signal;
accessing a first backed data stored in said first register;
accessing a second packed data 'stored in said second register;

in response to said decoder decoding said control signal, _said
functional unit multiplying said first packed data with said
second packed data and generating a result packed data;

R

A AR



9 order wdgwmpssi xteen |ow order bits of the thirty-two Qicdrais9sydeg; the
10 generated sixteen high order bits or a sixteen |low order bits are placed

in 11 the third packed data as the plurality of result data el ements.
AVENDED SHEET .

-25-

storing said result packed data in said first _register.

11. The method of claim 10 wherein said control signal includes a type
of multiply indicator, said type of multipy indicator indicating one multiply
operation from the group multlply hlgh signed, multiply hlgh unsigned,
and multiply low.

12. The method of claim 10 wherein said first packed data includes a
plurality of data elements, each data element of said plurality of data
elements being represented by a predetermmed number of bits, said
control signal includes a size indicator, said size indicator indicating sard
predetermined number of bits.

13. The method of clalm 10 wherein sald first regrster is srxty-four bits
long, and said first packed data includes eight packed byte data
elements. '

14. The method of claim 10 wherein said multiplying results in double
size data elements, said double size data elements are twice a size of
data elements in said first packed data, and wherein data elements in
said result packed data are one half of said double size data elements. |

T

Sheet Has Been Reilaced

(LT



