WO 00/ 69162 A METHOD AND APPARATUS FOR VI DEO DECODI NG BACKGROUND OF EU%CTZMH
INVENTION 2 0 O C T 2003 PCT/US00/11788 1. Field of the Invention The
present i nVéhYGM% el ates to the field of video decoding; mBca/US00/11788
particularly, the present invention relates to a nethod and apparatus for
decodi ng conphedEFHION] AE) APPABeSTYS FOTONIIBEOREQOSH NGt Vi deo data i s
often conpressed to reduce the anount of storage space consuned. One
standard for video conpression is Mdtion Picture Experts Goup 2 (MER).
Conpr essiplciARGATNS DeTag inveRiow wel | - known techni ques such as
spatial transtorm based conpréssion and tenporal notion estinmation based
conpr essi od. Behbefihednventioihe decodi ng process that converts conpressed
data to wuncqnppressed (decqded), data copnsi,sts.of transform decodi and
ot 1o conpoH B TeSRAY BBRIPR HIFicS IS terpad o T P B dRoiG HEFUdEg.
vari abl %@g;g&&m%ﬁ%g@%@mé&ewsﬁaa@g%msam deBY SIS otipipidle
cosi ne transforns . e transtorm decodi ng process Cypically
produces wdepands, notion vector data, and correction data. Then, notion
on the notion vector
L) atignol eeated &dlice a frane for display. In one method of
ol g o8 Se o & Ben o HIELEh (BULRORSNE Bl of BoPEESSING uni L (COPU
performs the transtorm decodi ng and nofrlon comnpensati on. ver, the
per f or nanrgfs@hellhOreRidan@yrdet viRoswhipresgon id MopenfRictor¢ Beperts GnoipRm

decodi ng and nbtion conpensation in order to play back the video wthout
pauses. MAREGR. Lrompressionpdandardaimicaly emplonvelbkpenauterbmosss sugeder al

purpose CPU.is limted by,the nmemory s St > e well as
the per PB?%%%?@?”P%@%%H%’PBFB%P pagglejt% rlgfr?@rgggrs]g% \iﬁgh b%g% orning a
decodi ng @npreksiaA® C%Eséﬁﬁ@zlygﬂ{eadecbh&g'f piitessathat ERVRHE $Batbressddaats teopi ed
froma storage nedium such as a Digital Video Disk (DVD), to system

nenory f omcpmyeressadniglepgdedialagpeonsists phfrangpracieced ngandiaosoni t h |

compensation reconstructions. The transform decoding includes variable length

decoding, inverse quantization, and inverse discrete cosine transforms (IDCT). The
transform decoding process typically produces commands, motion vector data, and
correction data. Then, motion compensation is performed by executing the commands
on the motion vector data and correction data to produce a frame for display.

In one method of decoding compressed video, a general purpose central
processing unit (CPU) performs the transform decoding and motion compensation.
However, the performance of the CPU may not be sufficient to perform the
transform decoding and motion compensation in order to play back the video
without pauses. Particularly, the performance of motion compensation on a general
purpose CPU is limited by the memory subsystemn and does not scale well as the

performance of the general purpose CPU increases.

When performing a decoding of a frame of MPEG2 data, the frame of
compressed video is copied from a storage medium, such as a Digital Video Disk

(DVD), to system memory for processing by the CPU. A frame of correction data with
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SUMMARY OF THE INVENTION

A method and apparatus for decoding compressed video, the decoding of
compressed video comprising the steps of decoding a first portion of a first frame
to produce a first data; generating a first signal; performing motion compensation
using the first data in response to the first signal; generating a second signal;
decoding a second portion of the first frame to produce a second data in response
to the second signal; generating a third signél; and performing motion

compensation using the second data in response to the third signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one embodiment of a computer system for performing the

decode of compressed video.

FIG. 2 illustrates one embodiment of a method of performing a decode of 5

compressed video.
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. to nore ef {id y perform video decoding and notion conp I
pl ayback oy&cdgﬁﬁgidéssed vi deo, for exanple. In one enbodi ne%??ﬂ‘{slﬂglﬂgéée)sent

i nvention provide decodi ng portions of a frane invention.
A conput er @ﬁ%‘gu ;&ogjl.sggﬁﬁ%ist‘?ycentral processing unit (CPU) 115 that has
a level I (LI) cache 160. A level 2 (1-2) car-he 168 is coupled to the CPU
115. The CPU 115 is coupled through a bridge 120 to a |ocal bus 171, an
advanced gr apghishgdand @peRyatuy tazwrpeficia]y perdomn patdoptasodingamponent

interf PCl b 173. A t 058..i led to the | | b

L A R efiPR somatntions DIANBA ol Carrsss Bde R P alea ) ba b sagh
i | . e LI ed ¢ hr oug

2 O 3PNl hERras (A, S HErATRATE: MR alalisl belonuidieo i

(DVD) drive 140 is c d to receive conpresse [ 145 stored on

i deo
a di gi t drame deoerdionk (DVD) 156. An i nput/output (1/0) device 150 is coupled
to the PC bus 173 to receive prograns and information from.a machi ne

readabl e nmedifFPIOPHERT ytean 180 inglwdes 3/ LTeT) FAPERSHPS WehitridiksEd hrHRA aray be

ret i eveg, Lo} o RNA 8 & OAHaDL £I0gh W KBRS QAlREP LA 15PN d (P O Ce

150 In one e I ment’, e Nnac rea rum 15571 s 'a magnetic nmedi um

such as ig cbhiplelythebiith a baitge d26ko a ¢fcal BRE1ZBRNIddVgRced Fraphodshmirt ¢AGBYI ment
the 1/0 device 150 1s a network interface device and the machi ne readabl e
medi um 155ep Hus 17handor Rerighed] egmponentdntesfasg (Reb s 78 LAy stephmgegiory

carrior TVE PRI ER R T E GRRL AR  Poma ARG RS TR ©

devi ce capaBlLipledt thekkgRs ekaishikdeorftrANid 126 kO Mhe AP BHBS buoNPRNCWiGtLtarri er
wave. It will be apparent to one skilled in the art that the nachine

r eadgbl eVidﬁdidliﬁk @B@Drdyivbém&:yccmded:m respivisl comyfressed i ey dp vaf ke tied r‘P(;l L Ihat
. 0 | 150.. | I i
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i nventi opcy Bhd ErIRl el &l ¥ gré G{H HoFRAGSR HRniTE diadRirdORaghBleqfed it

conpressed video 145. |nh one enbodi nent, a scratch buffer 161 contains
rel at i vel3s. mahlaltemative exibodizieat t doatpiessedradee maybexstaewshirami the '

decorpr e?n%iﬂee}'egggb% in\xlee i\g.ml fgsgc%u?alleoé; Fo t?'nfe 1/0 device 150.

In one embodiment, the machine readable medium 155 is a magnetic medium
such as a floppy disk, hard disk, or tape cartridge. In another embodiment, the I/O
device 150 is a network interface device and the machine readable medium 155 is a
network, such as a local area network (LAN). In yet another embodiment, the
machine readable medium 155 is an electromagnetic carrier wave in which a signal
is embedded and the I/0O device 155 is a device capable of extracting the signal from
the electromagnetic carrier wave. It will be apparent to one skilled in the art that the
machine readable medium 155 may be any medium capable of carrying information
that can be read by the I/O device 150. In one embodiment, the machine readable
medium 155 stores the software used to perform the method of the present
invention. Alternatively, the machine readable medium 155 stores the compressed
video 145.

In one embodiment, a scratch buffer 161 contains a relatively small amount of

data that is frequently accessed while decompressing a relatively large block of
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32000 T 2003 WO 00/ 69162 PCTNS00111788 conpressed vi deo- For exalml §CT 2009
. the scratch buffer nmay contain a transform coefficient table used to
transf orm MW®eke16X t he conpressed video. The L 1 cache 160 RIGUEXW/1ETHE

scratch buffer 161. fhat i ncludes.,corr i data 162.. n_| coeffi ci ent
tabl e 166\?,m%rels-®efdf6‘r’11§fr‘le%o%lree’@5n 1 E,SC%aﬁgﬁ gﬁg?rnl\]?g chggﬁﬂﬁﬁf ZHRiTon table 165.

I n one efdeestidmnthbld h@da@rtaioeN bllka ol 6% donepiedasd eidey. one macr obl ock.
| n anot her enbodi nent, the correction data 162 i ncl udes several

macr obl ocks. The briecachbdth stomes thelseratdmbueifercitlrthet sl widgssosrgcion dlatd 192, each
decodin i s.sel ected ch t the,scrat buffer. 161 can bhe stored
i ts ot TR FORHREFE EFle BohbIT B0 5 E7 el Tob SERAPUR" ESEFEPR 1o hay
fits in §hi d%tMEEF eh{botd?ﬁeht,]th@@&t?@c@c@pdatﬁhgz 1486 a6oR9 dntaheaeBbgiecode

t he sel ected nacr ocks wth a better cache hit rate. code performance
gener al | }n amphevemboetenent, bed tatectiaehdethil62 raheddsseaetl eveedoblbnkone

embodi nent, the entire scratch buffer 161 is_not stored in the L 1 cache
160. For exarﬁS‘l‘é‘}eE‘aﬁbpdﬁﬂeﬂhé*‘%%@tbéﬁof)ﬁ‘#@bl%é‘fSﬁlé'ﬁ"eélef%?é?}ége‘i e L1

h 6 - f f L . . '
The L2 cRsRe it ot RLOL iRt s AR Ko B Fe i e PR BHRE Y o7

161 may Ehe:haueo.eﬁiﬁr uBirighes@¥ehasuffee 1ol YhatGhs in Ehenfasty af tarice cathd 160, decode
operation generally is a function of how much of the scratch buffer 161

fits in dewddelsoftavire candlenpde eg selerted maceobdegksovitha balter cgeieit rHgt  expel

portions.of the scratch buff 161 fraomi he cach 0., The I ncl uded
o the SBRRITPBIPPER Rt I PP P er B RaRe A PEefdhee
conpressi on/ geeREBHYHINAENE, 8RO BhEHScrdtth bIFENDEEis it 8ffted RTEE Jic@the

/ deconpr essi on standards may enpl oy different nunerical nethods, such as a

wavel et 16&Gist example reneokiecdiatgnbuffentslgoanbelstdretifintha bl chehe 16danda
wavel et transformcoefficient, table._for vel et .t ransf or her.

transf or & %%‘ﬁﬁpaﬁe%fetgﬁﬁﬁra&% B“ﬁ%‘f%é“ﬁ%ga%ﬁ %@%ﬂggﬁf?ﬁgﬁﬁq“[)@ AN m
menory 1@3bbRGhEAE SR ARR scAREK biffer 1610may be sRidedaR 1l statal HeSr 105,

gr aphi cs address remappi ng table (CART) 17 that are dedicated for the
gr aphi cs Theperforiremca 2§ thendieddde opetatidrbgereraityc sssfufctiohef A6 mapbrafdhe 110.

Ine SPU L2 yass LMo vEL S COTFLIL G (U0 BUT ket 170, L0, BLore, Lo auf
ﬁ;‘; 1; o é%ﬁpél%rﬁ.bﬂg of i6Ss FRIch YheNEFGE P Erdat i LIGAEREEEO.ON data 113, and
The data included in the scratch buffer 161 is not limited to data for a particular

compression/decompression technique. Furthermore, these
compression/decompression standards may employ different numerical methods,
such as a wavelet transform. In one embodiment, the scratch buffer 161 includes a
wavelet transform coefficient table for a wavelet transform. Other transform techrﬁtlues
and data may be used. In one embodiment, the system memory 105 includes an AGP
aperture 110. The bridge 120 includes a graphics address remapping table (GART) 175
that are dedicated for the graphics controller 125 and the CPU 115 to access of the AGP
aperture 110. The CPU 115 uses the write combining (WC) buffer 170 to store the
output of the transform decode operation in the AGP aperture 110 in 2 command
buffer 111 that includes motion vectors 112, correction data 113, and macroblock

information 114. In one embodiment, the macroblock information 114 includes the

discrete cosine transform (DCT) type, the macroblock type, the motion prediction type,
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B nformation 114. In one enbodi ment, the macroblock information 114 i %QrfLFJe?Qm
- the discrei§oggskne transform (DCT) type, the nacrobl ock t gy dshe;Ption
prediction type, 4 2 0 0 CT 2003 WD 00/69162 PCTI 1JS00111788 and t he

coded bl ard tR@tddddblotk batie RhBBIN G ifEdh RRyibeGhddded imtHe@aombledd ock
I nformation. Since the U 115 issues the out put operations as
non- cach&d¥praatiag. Sineg rhezféf’wriéSanﬂTEecrutwmpmeoe@mm sagrablean®d cache

168 are n S S at .0 I y
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correction data 162 in the LI cache 161 to the correction data 113 in

t he. conmegmimand peffed116. The correction data 162 corresponds to one or nore
macr obl ocks af.,, c r,ess eo dat.a. I n, one enbodi nent 0, on
i 162 1 5 STICANE RS sElitverety e e e SolRarotoReD @ RO GhEE the

sof t war e cpgebs M Rald 20 the £ORYHeO1 416 thé 868G Hatd Al Rinl thd, con@hanances to
correction data 162 result in cache hits. Thus, the present invention

avoi ds r bdéfedait. Tlaataarmcabs deta t@rrrcercﬂ:sponddm and 62moremactablocksedche 168 or
t he system nmenor 5. AIt rnativ refer correcti.o dat a

162 may. FESESHE idehger Cuaee subatlivatd s rEtroBn CoHo Lt FERER N at a 162
i's not bﬂn}h?lhtﬂe LACHG 1D, Iﬁhﬁwﬁed SdeushS e%ﬁ)re&%eabecud@% tk a net hod

of the prese invention. The nethod is des bed with reférence to the
conput er ceyrstdon Ha6 b3, FéfGentes fhhereRbon Hh5a b&ﬁetaauhsn tarkedétsodbus,.dbet war e

and t he graphi CS sof twar e and, t he rap control | egu t he
cormands% %‘éﬁ\‘eéir"mflf GY%E{C?T‘EW ‘%éﬁiég (’b@i&)&ga her
devi ces %&M@?ﬁdﬂJ cls9sRE HREBANOSTELEAG k1| BomaleReRices ig¥aRicRA, N
step 200, the er software retrieves the - conpressed video data 145. In
one enbadiadéd mz!.)hesuﬂemckmhesni‘sse&rabeeausﬁ pextam ¢oftbe competagsdetaditdepneiat a
145 fromth:th| VD 156 through the DVD drive 140 and stores the conpressed
vi deo 148Nithe em nenory 105. In step 205, the decoder software

:g: ects a frarg;, @.flnwea@ QURE BaRAeAPEr d fthodBNBleqhibdent BAEHOMTRe] S
quentially as coded fromthe conpressed video
method is described with reference to the computer system 100 of FIG. 1. The CPU
115 executes the decoder software and the graphics software and the graphics
controller 130 executes the commands in the command buffer 111 by direct memory
access (DMA). Other devices may be used to perform the method of the present
invention.

In step 200, the decoder software retrieves the compressed video data 145. In one
embodiment, the decoder software retrieves the compressed video data 145 from the
DVD 156 through the DVD drive 140 and stores the compressed video 145 in the
system memory 105.

In step 205, the decoder software selects a frame of the compressed video 145.
Generally, each frame is selected sequentially as decoded from the compressed video
145 according to the frame order specified in the compressed video data. Other
methods of selecting a frame may be used.

In step 207, the graphics software selects a command buffer from multiple
command buffers in the AGP aperture 110. In one embodiment, the graphics
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145 accor di ng to the frane order specified in the conpressed video daf @CT 2003
. O her nethods of selecting a frame may be used. In step 207, the graphics
sof tware segod@& command buffer fromnmultiple command bufd@tssdonrisge AGP

aperture cﬁ%%l]érrlz@ 2% &RRO AL MR Dnd SRS W RARIE RS rﬁﬂé‘%{‘ feldlodef 0031 0/ 69162

PCT/ USOOf 8 controller 125 executes conmm romone buffer while the
decoder sanéthearemtndrdshaiiat freone embeiidmbnf, tier graiphicefevdedoneders t he

gr aphi cs software consi ders dl%erent chara%ter,i stics of each buffer, such
as buf f eflfigrest charagenar e Hicagh RRTER sushef erifepsises BeterpinyRg W appar ent
to one siikded idfed uﬁﬁ_tbeta*ﬂag}ar{;lﬂ'}%ro%‘ésskﬂ%fdfsﬂrmaﬁ%%QHpﬁGéri?EibWr be used
and t hat nunerous selection‘ériferea nmay be used to select the comand

buffer. tonfgentidadmayhise deeddad thaf hmerBekrRetionart@es ohipbkusdd ® frame
of the conpressed video 145. Each macrobl ock includes 6 bl ocks of 8

pi cture &tledethe copimand bulfer.8 pixel regions of the frame. Four of the 6

bl ocks are | umi nan ( | ogks d_two f_the bl,ocks.are om nance (U
and V) bl o_ck_sﬂ%"ire’%gpsﬁea@x?ﬁ%rrsé)gﬁ’é?ﬁesﬁeaec %Fag_ao(%%o?kp l%>z‘ﬂ°‘e alIr_ée nghened W th
8-bi t presinrBdted Wid&N 1R FRE RASbloE R thdlBddsbioeks 658 gﬂ:@ﬂfd dléradnt ixel)

vari abl e I ength decoding of the conpressed video data 145 using the Huffnman

code bobk Sip4ektegiarg dfthe framrex; Fatic bf thef § blocksare lnminarcefb ddogrsand e
macr obl oc are selected sequentiall t hey_are. decoded fr.omthe

Conpr es< Bl e MBI BRAL SHBT T e o §IOSS T e ST SRSt B2 pped
accor di Nebite? idVEE e SHAPARE A re4EBnt RAbnPeBUBSRREN hd TREERIMI QUK identified

sel ected.” The correction data corresponding to a skipped macrobl ock is not
copi ed byomrtabée lsogth décdlifig of tHechohpresteml videnwdata bif dsngthd Hubonprredei on

for the ski macr obl ocks n_be rformed with a single command with

vari abl ei’ﬁﬁgagglsi%ﬁ 1 U%‘ﬁ?’ﬁ‘f}éﬁlﬁir met hods of sel ecting particul ar

macr obl ocks Kk ' adh B fHbock that
QbnP 'é;ﬂ;pcg}gﬁg%ﬂggﬁé’d Tx{%%ﬁ%lﬁﬁ% areReREGJSERAGHHRIDY as

has zero val ues ma T conmand associated with that
macr obl odecoded frdssthecaedpiesmckvidat tdeta 14 hfAdternt tiveely, sateamdcydblgcksmayhi ch

oD CABlES e okt prede TS, LS DLORIE IRV D0 Cerp valles, e ot
to selected. The correction data corresponding to a skipped macroblock is not copied
from the scratch buffer 161 to the command buffer 111. Compensation for the skipped
macroblocks can be performed with a single command with variable macroblock
pixel width. Other methods of selecting particular macroblocks for processing may be
used.

In one embodiment, any block that has zero values may be skipped. The
command associated with that macroblock includes coded block pattern information
identifying the which of the 6 blocks are skipped. Thus, the blocks having zero values
are not copied from the scratch buffer 161 to the command buffer 111. The ability to
handle skipped blocks and skipped macroblocks makes more of the command buffer
available and avoids the bus cycles associated with copying the skipped data from the
scratch buffer 161 to the command buffer 111.

Alternatively, the characteristics of a macroblock within a frame may be selected

according to different standards. For example, the number of blocks, the pixel width



“handl e skipped bl ocks and ski pped macrobl ocks makes more of the commen®0CT 2003
. buffer avard addsgsand avoi ds the bus cycl es associ ated w t h pegpisotrtr7ehe
ski pped data fromthe scratch buffer 161 to the command buffer 111.

Al ter nat i val Neiol 5 dBPRBRKCIAS 1, Obf ReBRed] QbRGKs Whdybaddtdrerimarmy be

selected accofding to different standards. For exanpl'e, the number of
bl ocks, tdwecibedcherairdth 6 WO 00/ 69162 200CT2003 PCr1USOQ 11788 and hei ght

of each bl ock, and the sjze_of the pixe] elenents may b . fferent,than
descri bed hetepi§p 415/ C?ﬁ%ﬁsqfﬂ%argéjc? e SOFRETE ‘%’éf“gﬁg{?&ng‘ﬂngﬁbﬁr se

quant i zat;| ﬁgrsgghgﬁﬁ& fon ﬁ)’ﬁe%%ﬂ%@tdﬁ%% Q%E%h%bkﬁéngmddécbawwgiepof

the variab ecoding. I n step t he decoder sof t ware perforns
an | DCT umiongetdieolBXBofeosiklieeioents dralil@T hidgahd IDCHecoetfiqient tabletlitd andver se
quanti zation to produce the correction data 162. In qne en? di ment, the
correct i dhe@atputighe inersOprantizationdp eredyceihe coprsctipn daiq, OR%de book

164, and the inverse guanti. zatii a ertD}«_@ltsj : ' e AuSGhat &4H

buf f er 16‘?’E?§Oél*ﬂberﬁu%cezﬁprr§9 I%g?oﬁégcg‘!se 0 %%gglggg%%?éqn%g'e%s 210, 215,e and
220 is sebsl R, §4Q the Ifi@tseldignsichabs tuble i 6B arel@htdined in a sthaech bufterctéd. 160.
I n anot her enbodi nent the nunber In other enbodi nents, other ﬁ%eco in

net hf)ds nlye b?nlbsedf racthbdenks to e deredecil %@?S 310, 2he AdAfd is pelpctedaiiplie, a
ot her - ar r b S A p bl SPL ARG Hhe Ea cad® 190 dp AG0RE Biitinn: Ik AGAGH 20

size data el QB FRYodiensE dthét HRbERE MBI ABINSY) be uked td@équdeahet Wo or
nore macrobl ocks of the frane nay be decoded in steps 210, 215,and 220. In

step 225, miahebipakpdi the fenfd. Fer exaopta; atverveta iranséerm may baperbersredhdBFe8l ock

i nformatign, , notion vectors ,and correction data gorrespondin ut put
Cof the dHESfcAge BFB%%%-&‘B?#%%PH@“M%%E&E? of %ﬁ?gn’g% ggé‘rgiee%g‘? é%és)
cycl es togd %é%bl&&?@u&%%éé&ﬁ@&h@hsm@%Cuéaaftfoaief&%acslpm. the
graphics software I ssues bus cycles that are non-cacheable, the contents
of the LI Fashéendf)tandr e riacakloeks 68tharfmmemaydpedesosied. instapse1Phe
graphics software i ssues bus cycles that are wite conbined, wites to the
sane cach%lfrrilﬁz%q-e conbined in the WC buffer 170 before being issued to

the In step 225, the graphics software generates commands that inclufies macroblock
information, motion vectors and correction data corresponding to the output of the
decoding process by issuing write combining, non-cacheable bus cycles to the AGP
aperture 110 through the WC buffer 170. Since the graphics software issues bus cycles
that are non-cacheable, the contents of the L1 cache 160 and the L2 cache 168 are not
disturbed. Since the graphics software issues bus cycles that are write combined, writes
to the same cache line are combined in the WC buffer 170 before being issued to the
local bus 171 so that more efficient use of the local bus 170 is achieved. The commands
are written to the command buffer 111. The motion vectors are written to the motion
vectors 112 and the correction data 162 are written to the correction data 113.

In one embodiment, the commands are generated by the decoder software that
calls functions in the graphics software using a standard application program interface
(API) that is independent of the specific hardware implementation. The decoder
software uses the API as a standard interface to the graphics software to access a

command buffer that resides in a hardware specific AGP memory. Thus, a single
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|l ocal bus 171 so that nore efficient use of the local bus 170 is achbheveer i3 .
. The commaRgg gggdigz Witten to the command buffer 111. The nopdi-pisaeRsisar s are
witten to the notion vectors 112 and the correction data 162 are witten

to the correction data 113, | n ' R g generat ed
by t he d@@g%?mgglfapv\%rdéec? a0 caifr?sfg ?}Bﬁgth g%pngw%hn&t?ﬁ gr a ?Télg flS’oftware
usi ng a dsffepedar d itC@intephagdward Wreidrace (APl) that is independent

of the specific hardware inplenentation. The decoder _software uses the API
as a st andae¢nbndirfentchegraphicgsefnpsis adiardarse speciicdgdcqdriyghmand

00/ 691656 5 (S MDY BTN LT 86 1P RERB ST T o R RS PeEt Duar e

may be %ggw%égb&@gpggﬁrceayﬁ,@%m from different graphics controller
har dwar e vendors. In one enbodi nent, the graphics software is a hardware

speci fi ¢ devilte Altliivdefinedémeratity antiherfrae dabreemide deseder @ftvirreand
operating system vendor provides _hard e specific devic rivers. The API
is defi g{a@%?so%ﬂ?wrgﬁtﬁm BPFERIOT B o € _ SRR PR e BTt he
graphi og, SLLIBEEyEn HRIBALON Gk SXPihe AapARTRGIIN, QltaaktHaY Ahe
structure IS share etween the decoder software and the graphics

sof t war decdd dresoftatdreahyy direetly dewssitte Isotitwae epemfic AGRuemorycthiss t he
hardware_specific AG menory. This alternpatjve nmay _.be used, f.or anpl e,
when t heltgmastvermay bewsed. fos exapelopeiery e A%ﬁ‘é%ri %ﬂfﬁ”ag‘Fdf)ﬁF‘é?"B%cﬁf‘Fol | er
har dwar . . ' software receives information fromthe
decodergpg%'ﬁf%é%@ulg%p?%%& errg{r?ggwgg%orrpl eted. |If- the decoder software
infornms the dinapép 230, theigtaphies idfavaleecéivasrinfosmeompiretrethe déreder aphi cs

St ep 2530Rre g e s SoRE Wit 1408 SecofF AT G DI 1R & Gt |
2oL Sl R PR RS el e
of the tee Hie dritrdler ting tgparfbhnstempi0. d¢f therdecodermuétvearealdiesent , t he
gL?Eh;g %gﬁrfgepr%rt%\éid%%gdg s%tfgn?arierili]: P}{enf?ztxring ri]s Eoom{afé?ecﬂ F’E‘ﬁg %&xrphszgsf tware,
controller performs step 235.
The graphics software also checks for the completion of the execution of the
command buffer by the graphics controller. In one embodiment, the graphics
software provides status information to the decoder software, such as how much of
the compressed frame has been processed by the graphics software. For example, the
graphics software may provide the number of macroblocks processed, the percentage
of the frame decoded, or some other indicator of the progress of the graphics
software.
In one embodiment, the graphics controller 125 issues a hardware interrupt
signal that starts the graphics software check of the command buffer execution. In
another embodiment, the graphics controller 125 writes the status mformatonto a
location in the system memory 105 by DMA and the graphics software reads this
status, information upon request by the decoder software. In yet another
embodiment, the graphics controller 125 updates a status register for the graphics

software to read upon request by the decoder software.

g



the conpressed franme has been processed by the graphics software. FOZ[]UCT 7003
~ exanple, the graphics software may provi de the nunber of macrobl ocks

processed, WJwdgfcentage of the frane decoded, or sone ot Malek or of
t he progress 01( t‘ﬁe graphics software. In one enbodi nent, ?Ergdgsgg%oﬁ?écs

control | er 1RbstepsABostle graptivasetivatedetaphinesiifhalcobhaindbaffessithie gr aphi cs

sof tware, check of the n uf fer execution. In another enbodi nent, the

gr aphi csf“gloﬁt“rf‘ﬁlcpgpniﬁg?\%{ géppﬁ@ﬁs@&tﬁﬁphﬁ SPIVHRTDISHES asPeFiBtation in the -

system ; I i i tatus,
RN A0S thY éggfmgyyé?@ﬁl&g 13800 B350 LIRS 2ol AR bllfand

i nformation upon req coder “so n-yet "anot her

enbodi mantffertlia igmphﬁﬂ,&hegﬁp}dtdmhtﬂﬂﬁrgﬁff@hﬁgsﬁepsl.'ﬁt us register for the
graphics software _to read upon request by the decoder software. 8 2 0 0 C

T 2003 WO 0016948 Z2>BheEserics sofgateissies 3 @asnang o hegraphiss sentralerl25

&3S
determn i buffer 111 is..full. If the co nd buffer 111 is
fol T e el EAINRAMAMLL & b xdchuinkthe colmart FORTRE oI«
cont r ol | Baffé2 511 an@gEdRTp heaRotdDvedtbrsidil GRIEFRBS da@&'{éiﬁﬁ ONA. TheRRitpibl! |
the graphics controller perforns step 235. In step 250, the graphics

sof t war eof Hwumetigncmpsnsation iherigenghitbslacahgraphiemdRsry 135. féhérotha not i on

conpensati on..b ecutin he .commands fromthe_ co n uffer 111 and
{ ot ehi ng BTN AR B Ve LD OP E S AU GBE PBh dE S TSNP DORECTAE SHLHHE 1oof
the noti ggrfgpﬁgqgﬁgg@)_on is witten to the |ocal graphics nmenory 135. Wen
the graphics software conpletes this step, control is transferred to the
decoder sof tinestep 260, thergraphics safpva@(ssues astoepm268 to tieeggphjphicontretiét ¥&F e
i ssues a om}and to .the graphics controller 125 to perform nofion

i

corrpe_nsach BT BYeREERNIRT RN RGP Y BHERAS the bk AemepndarftP b Fermand and
fet Chi Ngphiter IPE hAA HRALRY hedRELGPUEAEH LM At &dN i BLinEHirdPMRiloryACCess
the | oca

(DVA). The out put of the tion conpensation 1s witten t
gr aphi csacaees{iPiIABTheNexput vfibe gnalidn campefidatmnds patttar mweths tem 2oapHics
sel ect a_new bugf@ In_step 280, the dec?der software determnes if the
conpr essBENPFet’T NedetE@aPhict saffEieRRiUssetier Pdel tededamerohpiier ed,
step 205 I's pg{diepPBY, #R fRbE& software determines if the compressed video is
decoded. If the compressed video is not completed, step 205 is performed to select
another frame.

It will be apparent to one skilled in the art that the present invention may be
applied to compressed video that is compressed according to many compression
standards. Furthermore, the present invention may be applied to other compressed
data standards. The present invention may be applied to other types of compressed

data, such as audio data.



another frame. It will be apparent to one skilled in the art that tgg T 2003
present invention may be applied to conpressed video that is conpr QQS 00
according to many conpression standards. Furthernore, the present

invention may be applied to other conpressed data standards. The present
invention may be applied to other types of conpressed data, such as audio
data. 9 2 @Ha Schimddd3 What is claimed is: 1. A nethod to deconpress data
within a conputer system the conmputer systemincluding a CPU, a cache
menory, a system nmenory, a hardware graphics controller, and a | ocal

graphics fenDry GaHa @dpéo%p}éaedéa@mmm@orgﬁ@&fg%/ﬁén,q%wue%stemﬁclmﬁgwd
conprising: decoding a first portion of a first frame using the CPU to
produce a F£FFHsi caght gemoryeh®siEm prioay. fibaitvars giaplics caiglerngndiaHecst gerlicsdat a i n

the syst emPERERS bup MRS B Fhrdvife ShMidsROnddIe!, Uesethod ERPEdidyi Ng a portion of
the first data’as a wite conbining data type; storing the portion of the
first data in adggoring adeyrppmipmel Afirstfemensingthe Q%‘O(ﬂﬂ@gcﬁhﬁfst@%sf erring the
portion of the %&kgﬁmgghﬁtmb&mlthe wite conbing buffer to the system
menory; transferring the first data fromthe systemnmenory to the hardware
graphi cs cont r otoepg the fiest fasa i thasyptomimsmons e gbe seringringldest i r st dat a

using the harduare gh@Rl s a38Rioh BF i€ hirs hita KESPARSEmbAMGEAREALI Ng the first
signal; generating a second signal; decoding a second portion of the first

frame using the CPU tstoripg the gerdiomoithe fisodatiain 4 Write combipemadier withia ther@ing t he
second signal; ggperating a third signal; and performng notion
conpensation on the second data using the hardware graphics controller in
response to gener ati Hgnyférang e pertien efribg firspdatarfam the pigRcontbing baffes te theur t her
conprising storiigfmbRbdi on of the first data in a command buffer, the
first signal being generated in response to the conmmand buffer being
filled. 3. The tewsstingthe frsaflais from therskgem esmpnite thedaxivere aigphies piolgh of
the first data iBf@muY MR compensation on the first data using the hardware graphics controller
in response to generating the first signal;
generating a second signal;
decoding a second portion of the first frame using the CPU to produce a second data in
response to generating the second signal;
generating a third signal; and
performing motion compensation on the second data using the hardware graphics

controller in response to generating the third signal.

2. The method of claim 1 further comprising storing a portion of the first data in a command

buffer, the first signal being generated in response to the command buffer being filled.

3. The method of claim 1 further comprising storing a portion of the first data in a command
buffer, the first signal being generated in response to the first data being stored in the command
buffer.

4. The method of claim 1 wherein the second signal is generated in response to a

completion of performing the motion compensation on the first data.

5. The method of claim 1 wherein decoding a first portion of a first frame comprises:
10



buffer, the first signal being generated in response to the first data
being stored in the conmand buffer. 4. The nmethod of claim1l Wnereizrn ?ﬂgpmm
second signal is generated in response to a conpletion of perform ng e
notion conpensation on the first data. 5. The nmethod of claimI| wherein
decoding a first portion of a first frame conprises: 10 2 0 OCT 2003
perform ng variable | ength decoding on the first portion of the first frane
to produce a fir i.nternediate data; perform ng inpyerse_quantization on
the first inter MEArEIEE PPHC IR ASchyTiE OB Tduamanion of WF FEd e ospdiee 4ng
per f or m ng fastinterwed@e ddiascret e cosine transform (I DCT) on the second

i nternedi ate dataf to é)roduce tthe.fi rs¥1 gat.a. 6. .TEE% met hod of cln$i m 1
wherein the firJFPENRE BTyt AUppE2P9n Qythe hirstgaterraediate data 1 BTQJUGE 2 9S00 pt hod
of cl ai m 1 imkrerediate datygarfd r st portion of the first frame conprises a
plurality of rnacrfobl.ocks.. 8. The nethod o%}ﬁ%I w 1 wherein storing,the
first data in t RS TSUPEH MRS AsCrelf opiRg ransirp (HCHQ ou thsspeogd itamediate fatg ot o

i n a graphiteprodyrenlicufiret datat hi n t he system nenory through a device driver
interface. 9. The nethod of claiml| wherein storing the first data in the
system menory further conprises issuing non-cacheable bus cycles to avoid
di st ur bi ng6a cadmhe meifdd ofEiginnEwhaéin tfe fEtPoAod oPETNiBE RarhdR afmatiblodiat a
conprises a first correction data. 11. The method of claim 10 wherein the
first data conprises a first notion vector. 12. The nethod of claim 11
wherein thd.fir Sthe arfliodet éloim Oahaeintd fih @orftion 51 theTiist Piny/@fipBkesi aphirility 6d
using a si rll%le fialtésa stream 13. The nethod of claim 11l wherein the first
correcti on WSRO stored usi ng a first data streamand the first notion
vector is stored using a second data stream 14. A conputer systemreadable
medi um havi,ng stored .t hereon et. of .instructions, wherein said set of

i nstructi ofs, mﬁ@ﬁ”@?@gﬁf‘gﬁ'"‘ocw FreBAplite e§§f§%aé?ﬁ“iﬂi’f’cﬁyff8‘?‘ﬁ6“5’%§fﬁ“a cache
menory, acsyipiisesstoBnmhy firseddusin d\wedphicg iRl GGthtahd §yelemahemay thréugh @dalice
graphi cs =Y tcrgu led to the hardware graphics controller, cause said
conput er sySt&dMt a‘:g‘erform a nethod conprising: 11

9. The method of claim 1 wherein storing the first data in the system memory further

comprises issuing non-cacheable bus cycles to avoid disturbing a cache.

10. The method of claim 9 wherein the first data comprises a first correction data.
11. The method of claim 10 wherein the first data comprises a first motion vector.
12. The method of claim 11 wherein the first correction data and the first motion vector is

stored using a single data stream.

13. The method of claim 11 wherein the first correction data is stored using a first data

stream and the first motion vector is stored using a second data stream.

14. A computer system readable medium having stored thereon a set of instructions, wherein
said set of instructions, when executed by a computer system including a CPU, a cache memory,
a system memory, a hardware graphics controller, and a local graphics memory coupled to the
hardware graphics controller, cause said computer system to perform a method comprising:

11



2 0 OCT 2003 decoding a first portion of a first frame using the CPU to
produce a first data; generating a first signal; storing the first Xa08T 2083
the system nenory, wherein the storing includes: identifying a portion of
the first data as a wite conbining data type; storing the portion of the
first data in a wite conbining buffer within the CPU, and transferring the

portion of the tiiahdata kgt Hrstirdcishauciy BYLIRL: § A{ffy System

menory; transferring the first romthRe system nenory to the hardware
gr aphi cs cont r olgkwerating pdirst ogpaling not i on conpensation on the first data

using the har d"‘@{oﬂng&@%ﬁ)&t ﬁeaa Qe %Pﬂehﬁa‘iem&éﬂ wrh@l%ﬁﬂﬂéﬁorg‘% ig@fREating the first

signal ; generating second sign ecodi’'ng a second portion of the first
frame using the CPU tidenplyoduqertenoéthe it dait & 4 write cerspiomgdate typgener at i ng t he
second signal; generafi. i i s farm [ :
conpensati on on the g%%g%gégéﬁgﬁ§g$%ggF%g“ﬁggﬁﬁgégﬁgﬁg%ﬂﬁgg&h@gprgﬁﬁer in
response to genenéting the third signal. 15. The conputer system readable

medi um of claim 14 sgj IS i Lan of the
First data in a commaairips 2 rorthl Oike SRNRL R JFASL IR buREl b R
response to theystommmdybuffer being filled. 16. The conputer system

readabl e medi um, gf ] ' r LS| ' a
bor ton of the FargerL e it S Bolleaae HohRo AR TRIANBI ook Dol
gener at ed i n r eppdersang rha@ion lsempensasion dathe fine datg useihe Hardware lgwpbionsratreller

buf fer. 17'i%%pp%llgquggﬁe?aﬁipéﬁ%&‘n‘?ﬂ%ir gaqdabl e medium of claim 14 wherein the

second sign 'S nera in résponse to a conpletion of performng the
noti on conpensate@retngasgonhvgfalr st data. 18. The conputer system readable

medi um of claim r.ej i fd. ISt i(ﬂﬂi f | LSLndfdad
conpri ses: perfg%‘?‘%dn %\?‘g%%g‘ﬁ‘g&f%ﬁgﬁﬁs‘ﬁaé’%&sﬁg%n t tgp{(?déltcé%%r(%r} on of the
first frameespansprogtnerating thef seeand signaler nedi ate data; 12 20 OCT2003

generating a third signal; and
performing motion compensation on the second data using the hardware graphics

controller in response to generating the third signal.

15. The computer system readable medium of claim 14 said method further comprising
storing a portion of the first data in a command buffer, the first signal being generated in response

to the command buffer being filled.

16. The computer system readable medium of claim 14 said method further comprising
storing a portion of the first data in a command buffer, the first signal being generated in response

to the first data being stored in the command buffer.

17. The computer system readable medium of claim 14 wherein the second signal is

generated in response to a completion of performing the motion compensation using the first data.

18. The computer system readable medium of claim 14 wherein decoding a first portion of a
first frame comprises:
performing variable length decoding on the fist portion of the first frame to produce a

first intermediate data;

12




perform ng inverse quantization on the first internediate data to pr?ﬂ% ? ﬁ
second internediate data; and perform ng an inverse discrete cosine 1003
transform (1 DCT) on the second internmediate data to produce the first
data. 19. The conputer systemreadabl e nmedium of claim 14 wherein the first
portion of the first frane is a macroblock. 20. The conputer system
readabl e nedi um of claim 14 wherein the first portion of the first frane

conprises a pl urp%ﬁ?%)'h‘é vt 26d5on thelfirsti Ek@m%qmﬁa%rm ﬁ%g&&@s%&ﬁﬁlam €

medi um of claim 14 nprising storing the first ata in a graphics
aperture |nnt§ﬂﬂ@d@§¢§la‘elmn¢ermry t hrough a device driver. 22. The conputer

system readabl e &?tﬁﬁﬂrr“ é?lfm\(l:éré%' diferett ORE Bildrofh gﬂjd‘lgbﬁ sbdoh& Enn?ﬁ&(ﬁatk Bath €

system nenory f nprises 1 ssulng non-c e bus cycles to avoid
di st ur bi ngt‘apl@é@dqéhef?fgdatﬁhe conput er system readabl e medi um of claim 22
wherein the first data conprises a first correction data. 24. The conputer
system readabl e nmedi um of claim 23 wherein the first data conprises a

first notidA. vedthecompier sTHem codgblt eedigy of daimrld adwtsiretherfoi partiof ofghedfirsh 24
wherein th?ra[rfe S mg&gg,g&tl on data and the first notion vector is stored
using a single data stream 26. The conputer system readabl e nmedi um of
claim24 wherein the first correction data is stored using a first data

stream and yhhe L ShnBRE Hen BSilisMie thicth OF AflmUAS At RERADFLAG & dRifgam 13

frame comprises a plurality of macroblocks.

21. The computer system readable medium of claim 14 further comprising storing the first

data in a graphics aperture in the system memory through a device driver.

22 The computer system readable medium of claim 14 wherein storing the first data in the

system memory further comprises issuing non-cacheable bus cycles to avoid disturbing a cache.

23. The computer system readable medium of claim 22 wherein the first data comprises a

first correction data.

24. The computer system readable medium of claim 23 wherein the first data comprises a

first motion vector.

25, The computer system readable medium of claim 24 wherein the first correction data and

the first motion vector is stored using a single data stream.

26. The computer system readable medium of claim 24 wherein the first correction data is

stored using a first data stream and the first motion vector is stored using a second data stream,

13



