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BACKGROUND 1. FIELD The present invention relates generally to conputer
systens amgyg1/4806L Specifically, to processor architect Urespc%us@ﬁ%gﬁ' PTI ON
Some processors are designed to provide extensions to their "1 nstruction

set architecture (1SA) for multinedia operations. For exanple, the MWTM

I nstructions supported by Pentium(r) |1, Pentium(r) IIl, and Celeron(tm
processors, conmer cRERGISTERAIACGRKIZDf MATRIM PROTESOINRG i on of Santa C ara,
California, inplement various functions useful for nultinedia

applications, such as digital signal processing, and audi o and vi deo

process I nstructions support "single instruction nmultiple data"

( SI VD) %&%gﬁ?ﬁi@DOh mul ti medi a and communi cations data types. Although

the use of these instructions provide an inprovenent over conbinations of
pre-existing instructions to performa given function, and individual

MUX(t mi. HRiBEDructions are efficient for sone types of processing, various

i npedi ments_ to faster nultinmedia processing still remain. For exanple, :
many i npl ekt BIEHN Givepliookrdlatesd genatpllyand edmipater sgssshageral, gori t hns
(such as_joint 4 hqt o rr%phic expert.s %ro%[’) (JPEG and noving picture expert
group {MPEGPEEE s?o KQEFISOF RrEiNEeT S stored in a set of registers
accessi bl e as operands for the MW(tn) instructions, being transposed
during matrix mathemati cal operations. The transposition of data anong
regi st 2r DESGRIREION gni fi cant over head, however, thereby slow ng overall
processor throughput for multinmedi a processing. Therefore, any techni ques
for avoi di R§TR H{Qﬁ%ﬁﬁf%ga&ehe%%siwfgyﬁomDﬁdbe extemsionb| eoadkieince in the

instruction set architecture {ISA) for multimedia operations. For example,
the MMX™ instructions supported by Pentium® I, Pentium® I, and
Celeron™ processors, commercially available from. Intel Corporation of Santa
Clara, California, implement wvarious functions useful for multimediat
applications, such as digital signal processing, and audio and video
processing. These instructions support “single instruction multiple data”
{SIMD) operations on multimedia and communications data types. Although
the use of these instructions provide an improvement over combinations of
pre-existing instructions to perform a given function, and individual MMX™
instructions are efficient for some types of processing, various impediments
to faster multimedia processing still remain. For example, many
implementations of block-based image and video processing algorithms
(such as joint photographic experts group (JPEG) and moving picture expert
group {MPEG) schemes) result in the data, stored in a set of registers
accessible as operands for the MMX™ instructions, being transposed during
matrix mathematical operations. The transposition of data among registers
incurs significant overhead, however, thereby slowing overali processor
throughput for multimedia processing. Therefore, any techniques for
avoiding or minimizing these delays would be a valuable advance in the

processor art.



processor art. 1 7 JAN 2004 WD 01/ 08005 PCTI USOO 17630 SUMVARY An
enbodi nent of the present invention is a processor having a first
registers st set storing a matrix of data, and a se et of

regi sters c%gg?so{c]i{to the first set, the second set storing gef’g' é‘ﬂ%"ed

of the matrix of data. Another enbodi nent of the present invention is

copy

a nethod of using two sets of registers for matri x processing by a

set JHN 200

processor. The method includes storing a matrix of data into a first set
of registers, the first set of registers having a first nunber of

regi st & sVNGARYY T egi ster conprising a first

nunber of storage units, each

storage unit storing an elenent of the matrix, and transposing the matrix

of data into a second set of

regi sters,,, the second set of registers

havi ng a second nunber of registers, each register conprising a second
nunber of stAh &gebegiment Ththerptesedt dhsentiomdd adeceeser HBGINGYJa iRt of the

first set o

ref er en%‘?’tnﬂ¥ (5?@'%6 Frse 1}

sterg tfo operate.on a row of the matrix of data,
eJlys

the matyd gsfs%? Q:%h%ieoB% "f’ﬁe%:' £h Tlhg\gf%: T setD%Wénggg-g{fséqesgh]u{q%

advant ag

e present inventi'on w

f ol | ow o)tioe hedtrieCo fd@SGT. | pt i on of the present invention in which:
is a diagramof a set of MVWKTMregisters according to the prior art;

Figure 2 is %Qih&gr%ﬁb@ﬂlmm gbtthefprighdMMimeagitstreiss astrathod 6 u8ing xel by
8 pixel, bl ock of

two sets of reglgters }or matrix processing by a processor. The method
includes storing a matrix of data into a first set of registers, the first set of
registers having a first number of registers, each register comprising a first

number of storage units, each storage unit storing an element of the

matrix, and transposing the matrix of data into a second set of registers,
r

the second set of registers having a second number of registers, each
register comprising a second number of storage units. The method also
includes referencing one of the first set of registers to operate on a row of
the matrix of data, and referencing one of the second set of registers to

operate on a column of the matrix of data.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will become
apparent from the following detailed description of the present invention in

which:

Figure 1 is a diagram of a set of MMX™ registers according to the
prior art;
Figure 2 is a diagram of the set of MMX™ registers storing an 8 pixel

by 8 pixel block of image data;

and

bﬁ&t SLering & mAtex Hsdets, angenmesond setcofl umm of

and

Figure 1



2 7 JAN 2004 WD 01/ 08005 PCTI US00/ 17630 Figure 3 is a diagramof the set of
MVWXTM regi sters storing the transposed 8 pixel by 8 pixel block of i daig¥ 200
data; Figure 4 is a diagramof a virtual MUWTM regi ster set |inked to the
MWKTM r egi¥PaMI%98% according to an enbodi ment of the presenPCTRS TN
Figure 5 is a diagramof the set of virtual MUITMregisters storing the
transposed &igusel3 by 8 giagedmbbbciheoiset NBIgMRINTY, redfisters WbAnG tiSe @

di agram of a system having a processor with a MVWTM register Set and a

vi rt ualtrayepoedr @ gixeldry Senixakllorliofgmageataterrbodi nent of  the present

I nventi on. TAI LED. DESCRI PTI ON, An enbodi nent of the present invention
conpri ses a MBtHod Hh@ J2g5aar af & virtral XK segisiecTset Bgked dosthe be nore

Cpec 1 TP orrelter SEPERBLANTR 4b i m bR e RE e hiosest imvemmocent
speci T | 0 ¥R Asent
doseri bed | Rannsari o Y B AE0R! WEne MM eBiadtr nEAS Bk one

enbodi mesnspaisetil® pixel 98N8 dikvestbtRdf iHage ddtheandppear ances of the phrase
"in one enbodiment" appearing in various places throughout the

speci fi cat i drigwleeBnist 2 whagresnof 1ay sustern dlaeimg agprocetde withiea MVIOW ment .
When executi ng an instruction, a processor typically references one or
mor e r ESPISTE SHpRPS Rd¢irtush MINRIZT VEDISSEn st acsipsdingh® pegimbedimemdreids nay

be one re of a special set of registers called MWTM registers.

Fi guretﬁéip@%e%ugapgﬁ]gaf a set of MWTM registers according to the prior
art. In the register set 10 shown in Figure 1, there are eight MWT "
regi sters

DETAILED DESCRIPTION

An embodiment of the present invention comprises a method ande
apparatus for extending MMX“’_’ registers to be more efficient for two
dimensional {2-D} matrix operations.

Reference in the specification to “one embodiment” or *“an
embodiment” of the present invention means that a particular feature,
structure or characteristic described in connection with the embodiment is
included in at least one embodiment of the present invention. Thus, the
appearances of the phrase “in one embodiment” appearing in various places
throughout the specification are not necessarily all referring to the same
embodiment.

When executing an instruction, a processor typically references one
or more register operands. For MMX™ instructions, the register operands
may be one or more of a special set of registers called MMX™ registers.
Figure 1 is a diagram of a set of MMX™ registers according to the prior art.
In the register set 10 shown in Figure 1, there are eight MMX™ registers
labeled mmO 12 through mm7 14. In other embodiments, the number of

registers may be higher or lower than eight. Each register includes a

3



| abel ed nmO 12 through mv 14. In other enbodi nents, the nunber of
regi sters may be higher or |ower than eight. Each register includes a 13N 2004

JAN 2004 005 PCTI US00/ 17630 plurality of units of data, ordere
TR P f Brfs

d
froma lo 6 to a high unit 18 as shown. In one embo PO1783% i t
conprises a byte. In other enbodinents, a unit may conprise a word, a
doubl ephonrlity of wtitsenf stavsagedersdifrorml a laiv Lisast sore akRiGM UANST 8Ms t he
nunber of units (e.g., bytes) per MUWTMregister is eight, although in
ot her §P&Wdhws olmePn,ugbBEICS IBENLNIA sunitaobesgs oy etytdo efifi oithet | y

i npl enent, S.MD nul ti medi a processin using the MUIT-4 registers, data to
bgp proSB%bsogdmﬁ‘éfM%‘é‘ Eﬂ%‘/S%HPPﬁe égm?f a\%}wamvorﬁmqri %ﬂ%@rr%p@ag@d dat a

itenms a i | M ' Far., exanpl syppose an 8
pixel Byl AT B8 SRR e B b o Rl IS A BRHTEY st ers as
shown MMKTguegisier W elgreaehhBuyRlinvVadhee sBEtemb )othel HLrRBEFLEEN in one
unit and the overall set of registers representing a matrix. The 8 pi xel

by 8 pmeyl bbl eoiplowgd.beTa gfficidarsly ohplemdrar §BvIDi magemddiat picteexiagpl e, the
first row of i e data of the block is stored in the first MWTM

regi st BFINSGnRE WOMIXY fepistess  datar tocke preresse iidiould besalignad iesueh st ored i n
t he | ow uni f and ,the, | ast colum of the irst row'.wing stored in
the hi \é%ayuﬁbflpo?j%? fﬂgpeéiecg%ia ﬁﬁwsofa”? nﬂ@%ﬂgﬁgt'ﬁ i% sé?%llee(ﬂmi“’ﬁaf'he second
MUXTM LSt er ] fir : e_second row being
stor edrﬁétﬁ\é ,I;%H\jvmuanrig leé}@u%ogg%g ?t@&?lgﬂ léz%'lxﬁir)r%lé% ofﬁ@%g%c% 4 Pow bei ng

st or ed}didh ollnén hihg MK T™ edgiseelrs aanghosen om Figdree2 t Retilabahi sixet eaigd in the
MUTM regi sters as shown, the processor may execute instructions to
ef fici Bt 1}y ep@gatrepmsentrsd grg omat tink aode thewoserall tsate.of Thegisterpe of

D O dSs TR b U W SO gPSaet TRON BB okl nsy o
larger image. In this example, the first row of image data of the block is
stored in the first MMX™ register, mmQ0 12, with the first column of the
first row being stored in the low unit of mmO and the last column of the
first row !‘3iné stored in the high unit of mmO, the second row of image
data is stored in the second MMX™ register, mm1 20, with the first column
of the second row being stored in the low unit of mm1 and the last column
of the second row being stored in the high unit of mm1, and so on.

Once the data is stored in the MMX™ registers as shown, the
processor may execute instructions to efficiently operate on the 8x8 matrix
one row at a time. This type of processing is commonly used in block-
based imaging applications, for example, as well as other applications. For
example, all of the data of row O may be added to the data of row 3 using a

single MMX™ instruction as shown below.

PADDB MMO, MM3 ; add row O to row 3 and store results in

row 0.



exanple, all of the data of row O nay be added to the data of row 3 usin
singl e MITM i nstruction as shown bel ow. PADDB MMO, MMB ; add row 0 td . Uﬂk
3 and sto s inrowO0. 47 JAN 2004 WO 01/ 08005 PCT/ ;&Q

However, toO ({)@ér dte on the 8x8 matrix one colum at a tine P é@é@??‘ggﬁ

probl ems because each colum's data is spread out anpng the eight MWTM

regi sters. Howenxanmd epetdie dn et 828|mml)@oﬁléﬂc@|u§mdétsé rthbé’g?&é?'ﬁgng the

low units of mMD 12 through nm¥ 14, and the last colum's data Is

di st rifsablams hesayse H?@Chl(gi%umms datsf isnspiDe et raad ghmom @, theesigiec MMI™ . To
continue.to gain the benefits of using MWTM SI MD processing, it becones
neces$&BIFIeRSo %Péﬁé‘ﬁme{ﬂ@ Bseg apdemnis datas isodistiibutEidgameng, tHeaton

h Af he f
M &0 B0 o dgE Fie 187508 G 7St oaluiical &R IS EIRIE ( h (e
f t fthkh I t | t 16 and
he' | anong nErRon LA 1A mihd Sy R et i or T MR Kt umi

18 as gawhe t&mﬂmrby,us.ngmmmmmawxﬁv&;eegs.agertsbgwﬁ@sc.@é%%rpf the 8x8
matri x as shown. Although an 8x8 matrix transposition nmay be perforned

usi ng TRriéW\SDCrﬁeﬁtkh%uﬁd(&mﬁéUK asnshowotindrigyra Bi. s raddessamapdsitioeliy

I nefficlient and.incurs nifLcant processing overhead. Generally,
trans poes'lftkl SWBr'Bc@saéh?fBa?Bg %heéféa el e drstidEHt Eaiss§r t he
per f orAEE § 20 r [ n htra S|t|on
requiring gt Fteé{gg t{%*én eglsf%?\t EB@:’F@F%? &ét% ém{hﬁn?%ql Iqw Ssor.

Thus, odigihataist@blanel %lngrﬁottﬁsﬁﬁ'u ﬂ&!&ivy ummreeaﬁalthbqaslt hﬁl\ld&‘tﬂ'leso that an
MWTM i nstruction may be used to operate on the eight elenents of a given

col umerigeml dénsteerlymst being prasedrin thevkighi omit M@ rasoskowhe 1Sémdlatlg,
the other MMX™ registers store columns of the 8x8 matrix as shown,

Although an 8x8 matrix transposition may be performed using known
pack and unpack instructions, this processing is very inefficient and incurs
significant processing overhead. Generally, transposition processing for an
8xB matrix may be implemented by the performance of four 4x4 matrix
transpositions, with each transposition requiring at least 12 processing
cycles on a Pentium®I|ll processor. Thus, at least 64 cycles are used merely
to reposition the data so that an MMX™ instruction may be used to operate
on the eight elements of a given column.

Embodiments of the present invention overcome the need to
transpose the data in the MMX™ registers through a series of pack and
unpack instructions by providing an additional set of registers in the
processor to assist in multimedia processing. In embodiments of the
present invention, an equivalent “mirror” set of the MMX™ registers is
designed into the processor architecture. This register set may be called the
virtual MMX register set, or VMX set. Figure 4 is a diagram of the virtual
MMX register set linked to the MMX™ register set according to an
embodiment of the present invention. In one embodiment, the number of

MMX™ registers in MMX™ register set 10 is the same as the number of

5



transpose the data in the MUITM regi sters through a series of pack ang

unpack instructions by providing an additional set of registers in th JAN 2004

processor &/Boqﬁﬁéo%t in rmultimedia processing. |In enbodi nent ?Pérgj t he
i

present invention, an equivalent "mrror" set of the MWIM (P3P 5
designed into the processor architecture. This register set may be called
the vi ¥MAl regixtaregpsaddedetn \WMX/Megider FEitgd2e 4 ln sadditibagriamosfe t he

vi rtual .reﬁtster setbl i ntsﬂy‘%ﬁ t he MWTM regi ster set according to an
enbodi nEPEOGIMERL Bre SeRbeme registess ds SHBBHAM ik, Of kaualiipetheof
MUKTM 1 Q38 S LA; i M - I s.the s as the nunber of 5 7
JAN 2004 V\geg1‘?08@8%‘8@%%%38%&‘(@?@%PQ%BE%'VPdg YU W G-egi st er
set 22. déibladdididONor | BthePestofFROdiiENde pbRGi AU HRE kK OT L sis
greater than or equa? to theo E?lr%)ér)rber ‘of eﬁni tls?%i n eé'éﬁ 'I(}Is\/%me?géﬁéﬁér (wth
a unit ¥dIXgegidtygt esetwdBdstoremuthketransposeat nedthier dstz0fRgGR Wiy tMvoependi ng
on the inplenentation). VMX register set 22 stores the transposed matrix
dat a fr'&3HI8e setrand rpayibst avtreetieally padateg byt egigtec apdptepogiced3 by

regi ster update | ogic 23 _whenever .any upj f any register jn the MUWTM
St 1 WOARPER anRaas oF oY CHatr Briber BIVEP sRich et Teder Haeede

aut omati~gal [ woad reqi.ster_set ;22. For
oxanp! oo o 9AELIY B NNBCHOAGIALT RN T ALl RY B Fliodd bor
aut omat oredldoyurdhos BN tdifisle@Ved 22 S Pér bia@mp}é!\/Mhrzeggét%t #losn YR fifag ough

VM7, the data fromthe second MMXTM register nm may be automatically
st or ed MMXREreaistardmmihd St mayi ke agtomatiealtarediis the dowamtits of ahe

mat 1 x QO i pot BT sTimuanaURetomne et TRE VIR Fegoas MMMy be
aut omatogal by oh 93988 By SILEIShatRIA GrdrBd 8 el fbdhG LLAIRoS e Bt M X
the VMX registers, and so on.
Referring back to Figure 2, if the MMX™ registers are loaded with ane
8x8 matrix designated P0,0 to P7,7 as shown, then the VMX registers may
be a'utomatically loaded by register update logic with the transposed matrix
as shown in Figure 5. To operate on row elements of the matrix, a program
may simply reference one or more of MMX™ régisters mmO 12 through
mm/ 14. However, to operate on column elements of the matrix, a
program references the VMX registers vmO 24 through vm7 26, instead.
Since the MMX™ registers are mirrored in the processor hardware with the
VMX registers, there are no coherency issues. All MMX™ instructions may
be operated with either of the register sets by using references to the
appropriate registers as needed. No changes to the instruction set of the
processor are needéd, only operand references may be changed in a
program.
One advantage of embodiments of the present invention over existing
processor architectures is that the invention provides greater parallelism for

matrix operations. This is achieved by avoiding costly transposes for



as shown in Figure 5. To operate on row elenents of the matrix, a program
may sinply reference one or nore of MUWXTM registers mO 12 through JANAL 004
However, t@qo0pgiRke on colum elenents of the matrix, a program r ef erences
the VMX regi'sters vnD 24 through vn¥ 26, instead. Since thé 7630
registers are mrrored in the processor hardware with the VMX registers,

there @cdumn opeeatony ilesugl. tifd | exXdWGTMN %tH{ﬁ{ib@n%agﬁyanQeuggg{:@t ed with
e

either of the register sets by using references tot appropr
regi st PEtrg8tigd®ded. No changes to the instruction set of the processor

are needed, only operand references muy be changed in a program One
advant age of&é‘ﬁﬁc}‘&?’h@ﬁt Bewihe pressahinvenyient men oy empdayed i fHecessor

hi b S ' ' i d t L 1eli f
11 x pa e CashOahSrDIBE L) BbdiRt 80 1 Btdaching Brspekes & or 6 7
JAN 20@Q4dxelVifDoQ k4 an%nBCWdéoSpWesgiﬁ?6§81é?ﬂéé{mb89%ﬁg188%éﬂ%ﬂgq‘% the

execution of nmultiple pack and unpac I nstructrons. how t he
pr esenBXEnRGT i mroragsibg Ewldeseperforining he 138 SHIehe GoRkRS T @asf or m
(DCT) :ﬂ%orithm LEE for Elor_ocessi ng. 8 pixel by 8 pixel blocks in many

vi deo PrOCRESING! %%éﬁ?eg! ey PEHErYING gnpther of X8 s0lurBr 3r®CTormpr @edssi ng

i ncl udgsep | o X transformfjrst,  fransposing the 8x8
matrix, %e?]f%gr%gné %ﬁgt;h%rsg'%%éﬁg U9t gm%ﬁodﬁlcoﬁﬁ{ﬂc’ef’%n theamedsi ng t he
r esul t sptigazed CYedurket\PEInGAGT §i Pedtilimhe Fhe RpAL

currently running on Penti um(r)gcl ass processorsgpﬁflggg&gsb@u'{eg aéﬁxcycl es of

pr oces8PRycyclest af pravesning. aBbuhisl@Maune) esoar @ OB eJcled areliy Fut he
transpose% operations for an 8x8 matrix. Thus, inplenentation of the
pr esenPEiRVEN S aisaras operaiphoirhancdB Bustixapl buemmplehmentation

of the present invention yields an approximately 30% improvement for the
DCT processing. Similar performance gains may be achieved for inverse
DCTs. Although the example of a DCT is discussed herein, embodiments of,
the present invention may be useful for any matrix operations, including
those used in various image and video compressions algorithms.

Althouéh the present invention has been discussed above in the
context of a two dimensional (2-D) matrix, the concept may be adapted to
three or more dimensions. For example, a third register set may be included
in the design of the processor to store other transpositions of the matrix
data.

Figure 6 is a diagram of a system having a processor with a MMX™
register set and a virtual MMX™ register set according to an embodiment of
the present invention. System 50 may include processor 52 coupled to
memory 54. Processor 52 comprises various components well-known in
the art, many of which have been omitted from Figure 6 for clarity.
Instruction memory 56 stores instructions that may reference one or more
of MMX™ registers 10 or one or more of VMX registers 22. Register
update logic 23 coordinates the automatic updating of the VMX registers 22
when the MMX™ registers change. Multiplexor {(MUX) 58 selects data from



DCT processing. Simlar performance gains may be achieved for inverse

DCTs. Al though the exanple of a DCT is discussed herein, enbodinents o?f',m‘N 2004
the presemoinysend i on may be useful for any matrix operati oFspuseel7esh ng

t hose used in various i mage and vi deo conpressions algorithnms. Al though the

i ool S PR AEBiarE o AT BB Soiudifie i Te i R hritor e
di mensi@ngy &0r WmlLFpro%uthEro%tyfﬁ}egEﬁmse%o obe included in the

design of the processor to store ot ansposiitons of the matrix data.
Figure 6 i s Phéipagsarn ol eation HIOWNRNRD Ae HLRGEXD0be WhhMina TN 5 T €gi ster
set and a virtual MUWTM regi ster set according to an enbodi nent of the

pr esentmpreveintiioive Syatream 50Wiely thec| addittiopn oseser rhi2rarouphetet Osetirenory
54. Praqcessor 52 conprises various conponents well-known in the art, nmany
of whi dRAENENERIRN i eedletiohpssd@tacrBhmsy mavabet simplifiest endt their nenor y
56 stor i Ctl t ha reference one or. nore, . of MWT' "' registers
10 or neféo@?%%erﬂoc?QWrtgg({@ SrEmpses ﬂzg"%p?ﬁ&?{"’ﬁ%dﬁ't"&?ﬂ BsiYc Penetit

coor di fedstid@rasiraMAleatisRdativeg abclehe Mbhd eGnstSnSs %écw}eu”swe MWXTM
regi sters change. Miltiplexor (MJX) 58 selects data from 7 7 JAN 2004 WO
01/ 08005 WdH® WSOWEZERO dgbhitimbMOEtix acarstferres on thiée dagessienal {8+ i nput
to arithnetic,| ngﬁ\% unit éAL 60. The ALU produces data for data nmenory
52. Th p?ré“’?&’ﬁs BTSN 2RH | BRE™SMUXTM regi sters to be manipul ated in a
nore intuitiwg: {; di, 1 d f e _ni [ .reqi . set,
i npl enent at i%(ﬁul%?ﬂ%ﬁ@wgﬁééﬂ_rgaég% a#%%cgﬁeﬁn%gtﬁa?%%hgﬁ%l 'gﬁ{erg{'gﬁd their
per f or renisedinmatieasieid.deSerptien agpbentehdadrb izt bestsuadic B IMBMiRenef i t

fromthe present invention include discrete cosine transforns ( s) used
sense. Various modifications of the illustrative embodiments, as well as

other embodiments of the invention, which are apparent to persons skilled
in the art to which the inventions pertains are deemed to lie within the spirit,

and scope of the invention.



in video conpression algorithnms, matrix transfornms in three dinensional (3-
D) graphics algorithms, and others. Wile this invention has been desdrjANEd),
with reference to illustrative enbodinents, this description is not

i ntended to be construed in a limting sense. Various nodifications of the
illustrative enbodi nents, as well as other enbodi nents of the invention,
whi ch are apparent to persons skilled in the art to which the inventions
pertains are deened to lie within the spirit, and scope of the invention.
8 7 JAN 200Whapkeglaimed ) ai med is: 1 A processor conprising: a first set of
registers storing a matrix of data; a second set of registers storing a
transpose of the matrix of data; and logic that automatically nodifies the
second set lof relypPwcespy comprigRgito maintain the transposition relationship

bet ween t he mat qPﬁs‘%tM@‘tﬁgﬁéﬁg%@%%%f&kft set of registers and the

transpose of the matrix of i I'n the second set of registers, in
response to a nodietdndattiobregistelrs térmngfaitragsposeadf thefmatagpdaty; and2. The processor

OT claimi, Wherlgéi?thg‘t Mcgilgaftilcglﬁglﬁé)({i]ﬁie?fthease{ (ﬁpvs&fof Fegl%te@gcf %o Qlf ian’m: fle! N the
first set of registers autonmatically resuttsin cor’responal ng

modi fi cat i grangposiforc@latinmshgf between thematrspafsieta eforddhie thedirstiset of fegtbersoani thet he
Second. set tpafns rogfg(giﬁltleerguﬁfix 3f dths?orQ(E %ciﬁess%ognd(gtfat O-?ll' a%s@rs],'in r\é@ on at r(]) iﬁfczlitfo%t set
of registers c,porrprl ses a tirst funder 6f regi sters, each register

conpri si ng d theifirgtsetrofirdgesterof st orage units, the second set of registers
conprises a second nunber of registers, each register conprising a second
nunber of storage wunits, and the second nunber of storage units is greater
than or equal t OI'elpeockisosdf chuimidewheddin a medifisiton of a dw dihke phGg eS&ad inatie Cl ai m
?é g\llvgte(l;)relsn tllrgesetfolfl;esggste@su au oenliatlggllyrrggllltss %nee:rc%rr{as%one llilgallnoéigcattigl? ofs ae go ur}lgn onHe”ber of

transpose of the matrix of data in the second set of registers.

3. The processor of claim 1, wherein the first set of registers comprises a first number of
registers, each register comprising a first number of storage units, the second set of registers
comprises a second number of registers, each register comprising a second number of storage
units, and the second number of storage units is greater than or equal to the first number of

registers.

4. The processor of claim 3, wherein the first number of registers is equal to the second

number of registers.

5. The processor of claim 4, wherein the first set of registers comprise MMX ™ registers, the

first number of registers is eight, and the matrix of data comprises image data.

6. The processor of claim 1, wherein the processor executes an instruction referencing one
of the first set of registers to operate on a row of the matrix of data and executes an instruction

referencing one of the second set of registers to operate on a column of the matrix of data.

7. A method of using two sets of registers for matrix processing by a processor comprising:
storing a matrix of data into a first set of registers, the first set of registers comprising a
first number of registers, each register comprising a first number of storage units, each storage

9



5. The processor of claim4, wherein the first set of registers conpri
MUWTm regi sters, the first nunber of registers is eight, and the matr ﬂﬁ%ﬁWL
data conprises inage data. 6. The processor of claim1l, wherein the

processor executes an instruction referencing one of the first set of
registers to operate on a row of the matrix of data and executes an
instruction referencing one of the second set of registers to operate on a
col um of th trg%dg m9%¥%enmn1A met hod of using two sets of registers

for matrix proc essin % rocessor conprising: storing a matrix of data
into a first settranfqusmgltlﬁtrmmx oftdaw ifitb lasi‘cosdaietOﬁregiaglisshesesomﬁregisngs a

f nb f. f
Lt TS A S50 - R hohBer

matri x; tram#posing the matrix of data into a second set of reglsters t he

second set of register comprising a,second. nunber isters

eqtster conpri SRl ORI E HsareRt SEOOPREET Tt B R TR

modi fyi ng treatiGeRip beweed the natrXgif i@ EtSred SiDth@Grst et BB gik@isand ﬂnetrhms@mroﬁs;btl on
relationsh;ﬁ het ween th trix of ?ata stored in the firs fh 9f
registers didf A SNEDBLRe SrongRE © FrabIeF PPPaRiE 40 SERISGRIoR of e T et Aty set
of regi stermgisted; response to a nodification of the first set of registers;
referencing one o& the first s t of %§|Sters t o oper at w of the

matrix of data; 'SKEFICEPREHR H’@ts SteriQ CRErAts 7l 2 S8 Ogti’e F’éﬁjﬁ"s"? dar ap

operate on a colddferendihg bheofRd debond @kt ofl lgRterstto opdige BIRh BEIGMAbf Gt Mlatiix 6f data.
further conprising nodifying a row of the matrix of data in the first set

of registers and automatically nodifying a correspondi ng colum of the

transpose of therheMtliddorfainglatiartien cﬁrﬁ]ﬁls&?@ffﬁaifyiﬁgﬁ r&¥ of tR@inatiR s datin tHdh e
nethod of claim7, further COgFrISIngSHHE ormng .a transf?rn1o erati.gn on

col umm  dat#StSEGH aepisters g %é‘%rreélFonf'EéF%‘P’é‘Pé’ th gra %E¥hod

of cl ai m 9, mmheredath .ﬂg{efsegdﬁu@gof&g.s{efsansf orm operation conprises
perform ng a discrete cosine transform operation on colum data stored in

one of the second set of registers.
9. The method of claim 7, further comprising performing a transform operation on column

data stored in one of the second set of registers.

10. The method of claim 9, wherein performing the transform operation comprises
performing a discrete cosine transform operation on column data stored in one of the second set

of registers.

11. The method of claim 7, wherein the second number of storage units is greater than or

equal to the first number of registers.

12. The method of claim 7, wherein the first number of registers is equal to the second

number of registers.

13. The method of claim 7, wherein the first set of registers comprise MMX ™ registers, the

first number of registers is eight, and the matrix of data comprises image data.

14. A system comprising:
a memory;
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11. The method of claim7, wherein the second nunber of storage units is
greater than or equal to the first nunber of registers. 12. The net hdd xf 2004
claim7, wherein the first nunber of registers is equal to the second

nunber of registers. 13. The nmethod of claim?7, wherein the first set of

regi sters conprise MIT "''registers, the first nunber of registers is
eight, and the matrix of data conprises inmage data. 14. A system

conprising: a nenory; 10 7 ﬂAN 2004 a &rocessor cougl ed to the nenory, the

processor conpr i AESsor souplef &g the memgiy, the progessereompusingly a matrix of data; a
second set of regi st effirsiSeOdfirdpistars dtbralzipaex of datdhe matri x of data; and

| ogi ¢ that automatically difies the second set of registers so as to
mai ntai n the transp(f‘sﬁef?"gr‘%etroéf"*&’tsfe&%?ﬂ“ﬁ aapspees Pf theanaiiy ?é‘g‘mé)?"ddat a stored

in the first set of riggt fatdutorilidallyhfodifids MSPEHA s@of FRR1eMBok Yo MintEiatiR
stored in the second set of registers, in response to a npdification of

: pon
the first SENSAGFUPRIslatipsh betpeen the anatiyiqf it stored|m g fist setpheegisters agd the

nodi fi cati apn@hsofiiinitfix bh@itdRdrEd i 10 sebldb Retiof rdgRRrd, i Bdpon®Qb a Rlodireationt er s
automatically results in a corresponding nodification of a colum of the

transpose btheiiig sehedf FeEI1SF data in the second set of registers. 16. The
systemof claim 14, wherein the first set of registers conprises a first
nunber of registers, each _regi ster conprising a first number of storage
units, the Secorkhesisteropf daigi 19t whesein 8 sregification of 2 sevcelibie mewisof dast intheyfirst er s,
each regi stefore Qs fltblFatRaIREERIMS in%m‘é‘{pominéﬁq@tlﬁiﬁ%on WP {fumPBEind @ﬁsﬁd@?ond

nunber of storage units is dgreater than or equal to the first nunber o
regi st ers. of thepsrixsgfdatain g sedopd set 05egiosr ei n the first nunber of registers
is equal to the second nunber of registers. 18. The system of claim 17,

wherein the first set of registers conprise MITM registers, the
16. The system of claim 14, wherein the first set of registers comprises a first number of

registers, each register comprising a first number of storage units, the second set of registers
comprises a second number of registers, each register comprising a second number of storage
units, and the second number of storage units is greater than or equal to the first number of

registers.

17. The system of claim 16, wherein the first number of registers is equal to the second

number of registers.

18. The system of claim 17, wherein the first set of registers comprise MMX™ registers, the

first number of registers is eight, and the matrix of data comprises image data.

19. The system of claim 14, wherein the processor executes an instruction referencing one of
the first set of registers to operate on a row of the matrix of data and executes an instruction

referencing one of the second set of registers to operate on a column of the matrix of data.

20. A method of using two sets of registers for discrete cosine transform (DCT) processing of
a matrix of image data by a processor comprising:

storing the matrix into a first set of registers, the first set of registers comprising a first
number of registers, each register comprising a first number of storage units, each storage unit
storing an element of the matrix;

11



first nunber of registers is eight, and the matrix of data conprises inmage
data. 19. The system of claim 14, wherein the processor executes an 7 JAN 2004
instruction referencing one of the first set of registers to operate on a
row of the matrix of data and executes an instruction referencing one of
the second set of registers to operate on a colum of the matri x of data.

20. A nmethod of using two sets of registers for discrete cosine transform
(DCT) processing of a natrix of image data by a_.processor .conpri sing:
Storing the mat rISPHES B THIXIALIECGR PR s TRoRed Pl 8eeror

regi sters compiisspagecand hunsher ofvagibiens, eath fegigiesdodpsising a edtofidginsie6f stdager i Si Ng
a first nunber of storage units, each storage unit storing an el enent of

t he natrix;m1§’7 JAN 2004 transposing the matrix into a second set of
registers, t hehsaﬁ@ﬁuiicslqtm@fifyr@gl@lesstewns set(bﬂfﬂgrsiesdﬁbﬁtgasao fﬁr@mmi\dthwmtspds:s_imfn
registers, eac egi ster conprising a second nu r of storage units;

aut omat i cal 'iegm%sinpf TG R Gt A SR dh g@ﬁf & gt reziviers AL eraFRPTRLTR ¢ e
transposi ti @irixoedas 16108 i the RESHIBEILITdpetIB i dexpofie t6lahRJFCAIMDIHR firfigetlof I St
set of registers and the transpose of the matrix of data stored in the

second set GFS¥ByPiers, in response to a nodification of the first set of

registers; and pgdrfophivl DL TREIceRiRE A& par by k@@skciigbn@@F the sbynd &k 6F enci ng
one of the second set of registers to operate on a columm of the matrix of
data. 21. THESHEIPRFBE O'b?%ﬁl‘l‘ﬂ“?@f,th?lﬂ}i“f’ﬁégd%rrpri sing nodifying a row of the
matrix of data in the first set of registers and automatically nodifying a
correspondi hg colum of the transpose of the matrix data in t hg?se,cond set

of registerd: 22Thenghosofslagp 2¢ dirier compyising mopdigpe s gw offthg mefrigpbdata itk j ng

a first matfilsiseOdf reiters avd Jutbnﬁtitﬂll&%odiﬂliﬁpﬁ!’corﬁB‘sFJn@M‘@ cBRfhn oRtheitfafidposlTRr  of
colums; a first element in the first matrix of data, stored at a first row
i ndex and afatxdpiad the siegpdset ofdesisters.

22. A processor comprising:

a first set of registers storing a first matrix of data, with a first number of rows and

a first number of columns;

a first element in the first matrix of data, stored at a first row index and at a first column
index;

a second set of registers storing a second matrix of data, with a second number of rows
and a second number of columns;

a second element in the second matrix of data, stored at a second row index equal to the
first column index, and at a second column index equal to the first row index (the second element
hereinafter termed the rotated partner of the first element); and

logic that automatically modifies the rotated partner of the first element in response to

any modification of the first element.

23. The processor of claim 22 wherein the logic responds to any change in the value of the
first element by automatically setting the rotated partner of the first element to the new value of

the first element.

24, The processor of claim 23 further comprising logic that responds to any change in the
value of the rotated partner of the first element by automatically setting the first element to the
12



a second set of registers storlng a second matrix of data, with a second
number of rows and a second nunber of colums; a second el ement in thkJAN 200i
second matri x of data, stored at a second row i ndex equal to the first
colum index, and at a second columm index equal to the first row i ndex

(the second el enment hereinafter ternmed the rotated partner of the first
elenment); and logic that automatically nodifies the rotated partner of the
first element in &Esponse to any nodification of the first elenent. 23.

The processsY Bfve ﬁier‘??t?tﬁdm?"e?fﬁhecfﬁé‘elleﬂljﬂh responds to any change in the
value of the first element by automatically setting the rotated partner of
the first elenment to the new value of the first elenent. 24. The processor
of cl ai m 235 ur t HsrPrecssepr ofsiaig 2f-offieeehat responds to any change in the

val ue of the rotgt %oﬂﬁ{utﬂ'&@fof‘?t)wg1@%refaieft§5n @rle‘aﬂﬁ'fﬁthpyﬁrs@-h‘ﬁm%f@o@dnhr% satting
the first elenent to the 12 7 JAN 2004 new val ue of the rotated partner of

the first el ementhe seegnd "Pﬁ’éefp?f(?@@wé)rs givfates thap s Gagal tmféﬁtﬁumb%@fgé‘éond
nunber of rows is greater than or equal to the first nunber of colums; and
t he second nunber of columns is greater than or equal to the first nunber
of rows. 2626. Thellsmoesesseoef chfim 2F Ahrhep Somprismghegic oonforene styed Pdenantsip a row

reference SiQiedl orl RURAIS ol infimb W of Bl Bih DSk ARuddeSt O the second

matrix of data wth a single 1nstruction he processor of claim26
wherein: the first set of registers conprises a first nunmber of registers,

each regi sty comrﬂrgée&gr&claldlgﬂvhgrgmber of storage units; the second set
of registers conprises a second nunber regi sters, each register

conprising a s ectbﬁﬂrsmﬁ’rbfe'pglstﬁrs seroprisgea (mi numbengfdegisiers.cadongistaugrbarisiof 2

storage unigs; i %bgrr(fﬁ{ n or equal to the first nunber of registers.
28. The procesgor 0 F{gl wherein the first nunber of registers is
equal to the sectbaskcond set of reglsters comprises a second number of registers, each register

comprising a second number of storage units; and
the second number of storage units is greater than or equal to the first number of

registers.

28. The processor of claim 27, wherein the first number of registers is equal to the second

number of registers.

29. The processor of claim 28, wherein the first set of registers comprise MMX registers, the

first number of registers is eight, and the matrix of data comprises image data.

30. A method comprising;

storing a first matrix of data having a first element at a first row index and at a first
column index, in a first set of registers;

storing a second matrix of data with a second number of rows, and a second number of
columns, the second matrix having a second element at a second row index equal to the first
column index, and at a second column index equal to the first row index (the second element
hereinafter termed the rotated partner of the first element), in a second set of registers; and

automatically modifying the rotated partner of the first element in response to any

modification of the first element.
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nunber of registers. 29. The processor of claim28, wherein the first_set

of registers conprise MW registers, the first nunber of registers i#JAN 200§
eight, and the matrix of data conprises imge data. 30. A nethod

conprising: storing a first matrix of data having a first elenent at a

first rowindex and at a first colum index, in a first set of registers;
storing a second matrix of data with a second nunber of rows, and a second

nunber of colunmms, the secon trix having a second el enent, at econd
o dex cionl T gt E6n S0 SR Ay agica iy et Biihe Bt e Fiox

equal to thferfdnf ffthér@8mpA&e XutbhitRaBeeand (el e bartleebfthd Bfst @Emdng toBendvhe
rotated partner of the first elenent), in a second set of registers; and

aut onat i calYApepbiefystAl§meEMe rotated partner of the first elenment in
response to any nodification of the first element. 13 7 JAN 2004 31. The

met hod of claim 30 wherein automatically nodifying the rotated partner of
the first 38 emehite maihadpdelapppblurtieasonptivheaviatird)lysetipg g firpglemgitis Ba

partner of 0 afiefcPthe %tﬁg? 4 nkCofiRErReYmeNEih lr't%pmsg Eorh%r fldiSicadn®MeRirotatdd -

The nethod of claim31 f er conprising automatically setting the first

el ement t o napeer ohthgfysiclgmensf the rotated partner of the first element in
response to any nodification of the rotated partner of the first el enent.
33. The nethod of claim 32 wherein: the second nunber of rows is greater
than or equdl tolhemetiqdrofclapyddwhereif: col ums; and the second nunber of

colums is great tgg sdo uﬁbelemé\ks & %retadgxethgli &%ﬁuaﬁ mgﬁrsf)ﬁurﬁ&v\’éf co:ﬁﬂnns;-rd?l@

nmet hod of claim 33 turt conprising: storing a matrix of data into the

first set of regihssasprd nugtber ¢fisglumns sarrsfsotien of equidéo thatfirst rupber @4fo%'si nt o t he
second set of registers; referencing one of the first set of registers to
operate on a row of the matrix of data; and referencing one of the second
set of regi¥ter sTheonahekdckind3 furtberlcamprigfe:t he matri x of dat a.

storing a matrix of data into the first set of registers;
storing a transpose of the matrix of data into the second set of registers;
referencing one of the first set of registers to operate on a row of the matrix of data; and

referencing one of the second set of registers to operate on a column of the matrix of data.

35. The method of claim 34, further comprising performing a transform operation on column

data stored in one of the second set of registers.

36. The method of claim 35, wherein performing the transform operation comprises
performing a discrete cosine transform operation on column data stored in one of the second set

of registers.

37. The method of claim 34, wherein the first set of registers comprises a first number of
registers, each register comprising a first number of storage units, the second set of registers
comprises a second number of registers, each register comprising a second number of storage
units, and the second number of storage units is greater than or equal to the first number of

registers.

38. The method of claim 37, wherein the first number of registers is equal to the second

number of registers.
14



35. The nethod of claim 34, further conprising performng a transform
operation on colum data stored in one of the second set of registerq. JANGN
The net hod of claim 35, wherein performng the transform operation

conprises performng a discrete cosine transform operation on colunnm data
stored in one of the second set of registers. 37. The method of claim 34,
wherein the first set of registers conprises a first nunber of registers,

each regi ster caonprising.a first nunber_ of storage units second set of
Tl nethod2g g 8@4@2{

regi sters onpri's&¥he Wibih here st Tirstsgfi of regiters gomgise SIS i si ng
a second nyFRQLmeEr oF tépisRaEis elgh, bl thmstrik bedSLenpisumberd.af storage units
is greater than or equal to the first nunber of registers. 38. The nethod

of claim37, wherein the first nunmber of registers is equal to the second
number of r@gi stLdeml thckidihdl pfREdor3Bupldd® a | 10 prédegdofbortprisiger ei n the
first set of registers conprise MU registers, the first nunber of

regi sters is ei gHirst sarpd regigersateringa fgst mpgrideof datapyitse Brst mmper efoys andp firg
system ingl NG cAuph@cessor coupled to a nenory, the processor

conprising: a first set of registers storing a first matrix of data, with a
first nunber of afysielemeat ig the firsmatniofislete. soredelafimgow index prgat afisfheltmd n t he
first matri;x;Qf data, stored at a first row index and at a first colum

i ndex; a second set of registers storing a second matrix of data, with a
second number of2 seeand set oArrgisterséeivad seranbeptriziof dat.orithe seepnd apBbRS obT®ent i n
the second JqRt LiXnPiuntat 86 cofly@ed at a second row i ndex equal to the first
col um index, and at a second col um index equal to the first row i ndex
(the second el ersgeondigtementiinthesecopdmaisil of fasa. storedtad a sqsand reeyindsk capab tofthe st

el ement);  gfid oL GndeldBnd a4 &%iﬁﬁlnh){?(ﬂ? | fal ©S0d 16 ORI RG] thP VbR ien®nt t he
first element 1n response to any noditication of the first elenent.
hereinafter termed the rotated partner of the first element); and

logic that automatically modifies the rotated pariner of the first element in response to

any modification of the first element.

41. The system of claim 40 wherein the logic responds to any change in the value of the first
element by automatically setting the rotated partner of the first element to the new value of the

first element.

42, The system of claim 41 further comprising logic that responds to any change in the value
of the rotated partner of the first element by automatically setting the first element to the new

value of the rotated partner of the first element.

43. The system of claim 42, wherein:
the second number of rows is greater than or equal to the first number of columns; and

the second number of columns is greater than or equal to the first number of rows.

44, The system of claim 43 further comprising logic to reference stored elements in a row of

either the first or the second matrix of data with a single instruction.

45, The system of claim 44, wherein the first set of registers comprises a first number of
registers, each register comprising a first number of storage units, the second set of registers
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41. The system of claim40 wherein the logic responds to any change in the
value of the first elenent by automatically setting the rotated partnpgAﬁqmg
the first element to the new value of the first elenent. 42. The systemo
claimd4l further conprising logic that responds to any change in the val ue
of the rotated partner of the first elenent by automatically setting the
first elenment to the new value of the rotated partner of the first

el enent. 43. The system of claim 42, wherein: the second nunber of rows is
great er t hagemprisesquatond oumbes of fegistersnensh eagistst carilrising2:seeond numbes of sfereged
e O o CBUUTS teSoG8 Bber bRARB Ul kNS LGSk oRUFRR Lyl gf oS- 44
The systen1of alm a4z turt r|S|n ﬁoglc e erence stored

el enent s i rregistersw of  ei t her the flrst or the second matrix of data with a
single instruction. 45. The system of claim 44, wherein the first set of
registers conprises a first nunber of registers, each register conprising
a first nun%r oThestystera@éclaimi 45 wherhie tisdfostmambetof ofgistegis sqel ® thd &cahd] AN 200t
conprises a r&qe g@er of registers, each register conprising a second
nunber of s orage nlts and the second nunber of storage units is greater
than or equal to the flrst nunber of registers. 46. The systen1of claim
45, mhereln he first nu e S e o the nynber of
fogisters . ThE Sl ERREm & APEPRETR b G U e {ehlp VBRR B M e
conpri se Mustegitsi drrngstérhne: eight, lasd the giabarof déta cegprbeinmgd éatel ght and the
matri x of data conprises inmage data. 16
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