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DI RECT MEMORYACCESS (DMA) METHOD AND APPARATUSAND

DMAFCRVI DEO PROCESSI NG CROSS- REFERENCE TO RELATED
WORRIGHEATBONS [ 01] The present invention is reParag2106/016402

the followi ng cormonly owned, applications: METHOD

AND APPARATUS FOR CLOCK SYNCHRONI ZATI ON BETWEEN A

PROCESSOR AND EXTERNAL DEVI CES, filed concurrently

herewith (attorney docket no. 021111- OOlGOOUS;; and
DIMEWMESSE{W@)_MEEFH@) US AND

HI GH SPEED NMENSRIYA ASSRSSIDEOSPROCESSENG Y herewi th
(attorney docket no. 021111-001300US) all of which are

i ncorporated herein by reference for all purposes.
BACKGROUNCR O STREFERNNAE| TOIREI 2} THD ARHdEAHION ent i on

relates to nenory acce nd.jn.particul ar Mg e
011 | FrRsiRan Grr et iyt ool PaRBF SR e Rpntigations:
« dingerasss AnND APPRECATUS FeseCPDA S YRMMRONINA TRORSBIWTWEEN A
invention as applied to video data processing. [03] In

t PRQGESSORAINBEXNEERN AAPPEVEGES offlsd conparigatiy hetewith (attorney

t h i nput/output (1/0 devi
P RRE b e PR e Pl (o ePaeds. i n ot g
« DhagkBoRIROEEISOR! WES sPRAIALIPISRPEOIE REGISTERS AND HIGH

conventional data transfer nechanisns for conmputer VO

i SPERDeMEM ORI ACGGRSS:, filgs con¢utrenslylhersmritha@ttormsy daskas ao.

I/ a [ t nmenory access (DMA). Polling is a

t@?ﬁh‘ﬁﬁ@lz}%ﬁﬁl ch the central processing unit (CPU,
all of 9aich 26 AERFFRhted Bbin by fefdesbiedat MllptPosdqui ri ng the

i ncom ng data. The processor issues an I/O instruction

and polls the progress of the I/Oin a |oop. [04]

Interrupt driv I{F ﬁy}ﬁ!J t he

pr ocessor |ssu§%gélgﬁg%{[wrg]}f§c I 'on F\I;\n hout havi ng
[02] t ThRidseht P&l tidniglatedio BRI idcess id ih pertichiar to an improved

operation. An interrupt is asserted when the operatiaon

directanerppiatassess dRMEMhigchmeusp rdlee displosedis Rsrariic panicthe DHLA of the
Iy [ i er to process the

presefdRRoRRS A BT IR jegi ot ed devi ce

[03] T éh eypied compar-baddiiapplcationd, iier datethdspassesahiaughdamauter

] froma device and stores that gata an a sy,stlem anEry

inputigyfpub (U @hrlevices apust atten ks pariopped Ahigh seeedsdp large blocks, or large

block?ggﬂig{} gfée‘és. hfe Q%{Jéfﬁ?géél@a{aecfan@fek hRShdalAs Rk RbRPuleP /0

em nenory
include polling, interrupts (also known as programmed I/O), and direct memory access

(DMA). Polling is a technique in which the central processing unit (CPU, data processor,'
etc.) is dedicated to acquiring the incoming data. The processor issues an I/O instruction and
polls the progress of the I/O in a loop. .

[04] Interrupt driven (programmed) I/O involves the processor issuing the I/O instruction
without having to perform polling for completion of the I/O operation. An interrupt is
asserted when the operation completes, causing the processor to handle branch to an
appropriate intérrupt handler to process the completed I/O.

[05] With DMA, a dedicated device referred to as a DMA controller reads incoming data
from a device and stores that data in a system memory buffer for later retrieval by the
processor. Conversely, the DMA controller writes data stored in the system memory buffer

to a device. A typical DMA transfer (e.g., a read operation) sequence involves the following:
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to a device. A typical DVA transfer (e.g., a read

oper ati on) sequence involves the foll ow ng: processor
weetw/1apt4d nf ormati on for a DVA transfer operat POWUS2005/016402

i ncluding nmenory | ocation and size of data (N bytes)

to be transferred processor initiates DVA transfer

oper at ipdocessdr byts @p infordatian far e DM Arisfnefer eperbtiomindnding

absent processor. i nterventi.on rocessor, i s

i Nt er r (PRTBRIYAAEHOR 2B F@gog#ﬂagﬁgygF%ak‘%E%F&??@d from

menogy ' ' flata processor sets

up | %f gg%?%gzﬁ %tres P%ggﬁgdé?é%&?}dgﬁsf er operation

and &0 NoBytes of dita afrtrdnefesreé fonDMmofy abseaidsrotdssor intervention

processor, which nmeans the processqr does nqgt have to

exectt PTPIesIar Gﬁ:mt%ﬂ@tqdowb@rlﬁéb’??ﬁ ©h datg 3Fq aanségred from memory

tran§fer.ceThoe¢ I QCESSQl. éaanot used for handling the
dat a*t PANSPEY 8P?s\nsty and i s avail able for other

Pr 0CeS Pr&s@f kbtd u¥nfofh&fon fob tietRkEDMAMR@A et fferation
processor primarily operates out of its cache, data

transfendisgsoactual ly occurring in parallel, thus

i ncr easi overall systemutilizatiaon, [06] Videq
s cagga AR/ El B SRSy P FiceRE eSoangh W8 not have o
execttdRHEAIAL 1 S rhLINB AbwaldatArsBGe THO hrodBadorlid @dt used for
processor architectures are increasingly used to serve

handlittgethd datatcassfer agtivaty anil asaviailalele feryotherdEecessing agtidlo Also, in
streans,in _parallel fashion, A.typi Vi at

N I o

occurdig¥ e farafl€lf thaX ai¥pdating oveafiystesnltdivatiori.t . Here, [arge

anmounts of data nust be transferred out of nenory to
[06] t Néidee proeessingrpysiganshiapherepthy Meerasel the Anerghpubipguirgmerfs of a

fficiant . . . ]
posef! RAEAE A St Re S Y RGOS L B8 Emands of e
time Wided\By preathd vitleo strwnisyn pdialls] fagival. vasysivaltviddongperation is the
bet ween | oadi ng video data into nory and setti.ng up .
streamigg of fredepdiam PIRATY it eHPUSCHISe T 5X%§W %ffﬁoofiéﬁpqebhﬁmt Here,
] . o
e T A
transfor imakt Heoofauffjidrit ibagdwikdil 1o easwt splvaspal §réifctd. tMeanwhile, since there
. therefore desirable e able to npve data on, and off

. to
is limpgagmgmay-e lﬁggglgéeﬁd&g APtE MEHIY | GESBYRVES TR EbCtween
1oadiﬂg§§i§lh5’ bi&a Mitb Iihéh?(%é%ﬁ& kQRas uPM theabn 'Wﬁstran\[fe@l,eﬂaQﬁ% gheavy

ocessi ng syste woul d benhefit by such inprovene _
burdemruh the vidao procestangumit(ek cwipmoblemds emplified ifenmediindefprocessing

realize, substanti al ins, by such inprovenents.
of thegy ﬁ_@eﬁe rItW@Rg‘ﬁ’@% 1t L3 (ﬁﬂﬁﬁf\m transfer nethod
[07] 20 QLR QeshABlcRb BE 8Pk th H6RB db@rbni MAlFHRAM WithleRren less
processi ng . _
burden on the processors than is possible with conventional DMA techniques. Video data
processing systems would benefit by such improvements, and certainly data processing

systems in general can realize substantial gains by such improvements.

SUMMARY OF THE INVENTION
[08] A DMA transfer method according to the present invention includes a data processing
block initiating a first DMA transfer operation to obtain first data. Based at least on address
information contained in the first data, a second DMA transfer operation is performed absent

further action by the data processing block. The second DMA transfer obtains an additional
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block initiating a first DVA transfer operation to
obtain first data. Based at | east on address
wonbwrizet4d on contained in the first data, a seeonaSBNE016402
transfer operation is perforned absent further action
by the data processing block. The second DVA transfer
data bddwkaianingaddiwaiat dddresk deorndsione IA ddationa DM ittahgferapperations are
perfo%gegl:igt%ﬁis Imn?nf og%rgﬂ%étﬁ?@?ﬁ%gﬁ%%ﬁ?ﬁ! tge tﬁ%é(%%ﬁsﬁféﬂegrw?ck to obtain still
furthdr BIRkYE6NE4t®N from the data processing block to obtain
still further blocks of data. [09] Thus, DMA transfers
[09] i ThysddVdelrensions inrpceordapgeckish theinigssat ngentioagaquiee @yy pne initial
| A f e fer. r 0l
setup (01306 BV Hon S Sor RhrpliCa BRCetoo R0l ook o R et and o
optioriityi aaingd ledgth of @eafinseblgiinondatd foebd DVIA-trahgFeitedd f Subst@uehoblocks
be DVA-transferred. Subsequent bl ocks of data can then
of datp garpihsn e A Actransteried ritheut fusthenBtteryentionfegim therprpecspar.
t he processor. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 10]
Aspects, advantages and novel features of the present
i nvent i on w BRIKeDESERIPPEON QF THEMDR A INGS ow ng

[10] AREath a5t Hes 4P POt SHEn e RSP AV IEP Q@I Desgyar apparent
from %léfglkanE ldbstsiotiah b¥ BieSrAMRbE Ere@ént&h% &ﬁl?.[rlﬁﬂgn Riithandat a

0 I n“menory according to the presen nvent 1 on;
acconffiagying drdwings, vdteesn:t he subsequent read out of a data

bl ock stored i nor. s..shown in Fig. 1 accarding.to .

the. pr S8t S Jarmrs g e Shaiiot fe e ofp dafigpock im
memc abdbpdigp RN tpr@enthvéhtiohnked |ist data format

according to the present iInvention; Fig. 4 is a high

| evel fFigrdHagtratesihe subiseqentusad puicdsigdatapbloel storadda npymory as
tput control modul.e dur.ing DVA transfer
Show%ﬁlolglg'sglgcncﬁmgn %’r%ﬂe %es?rg e 1BF’esent i nvention; and

Fi g. SFghowhows tHeghrub@yvehs l iggHertbdfioaroraf liked list data format
illustrative DVA interface that enbodi es the present

according énthie preseEBCRAPH ON OF THE SPECI FI C EMBODI MENTS
[11] F:F%g 43s gﬂf) o] ﬂ%&%ﬁ%ﬁ §ut‘i}1jﬁhn%r{%$ g%lcles%ﬁ}rgl p%?t@ggg% lS)y an

execut on a processor Cess

outpun@mioy mbitle\duéing DA ttaRkRr pRITeIsihg detexdinkce tHeldresehid éhvention;
application | oads a bl ock of data 102 into the nenory
and 116 in accordance with the present invention. The

gﬁ gg |r %/ Fgg;ﬁ Sgl’@&}% Eg‘i% 1%4(/;:{1 %%t]g?h( W%é;ﬁ%f g‘lhﬁghtive DMA interface that

embodies the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
[11] Fig. 1 shows an example of an application executing on a processor 112. The
processor accesses a memory 116 via a suitable memory interface 114. The application loads
a block of data 102 into the memory 116 in accordance with the present invention. The
memory 116 can be a virtual memory system. Specifically, the block of data 102 is
segmented in to a set of smaller blocks 104 (sub-blocks, segments, etc.), identified in the
figure as blk-0 to blk-5. The smaller blocks 104 are incorporated into a linked list structure
122 comprising, for example, linked list elements 122a-122f. Each linked list element in turn
comprises at least one of the sub-blocks 104 and addressing information to another linked list

element, referred to as a next address field (see Fig. 3 for a specific implementation). In this
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segnented in to a set of smaller blocks 104

(sub- bl ocks, segnents, etc.), identified in the figure
wa0dslz1A3t o bl k-5. The smal |l er bl ocks 104 ar ePCT/US2005/016402

incorporated into a linked Iist structure 122

conprising, for exanple, linked |ist elenents
way, tigziatallfiock 1(E7axsr$tqr¢d1meraemp@t asdheliired lish 122 In asoendencpexith the

L AT DR SR e

discutsed #Slow. next address fi el d (see Fl g 3 for a specific
ir@ementatlon) hi thi sway ock 102 is
[12] st

PIERE ¢ pinglerdeigy bleskioh éaqaulﬁ% @atheuleﬁmqml 16/typigelboreduiese:
. W f
contiohd afed DA ark LU W oA bloPRBE Akl ARTRLLRRE S he
presebt&h%ﬁtloh%eﬂr@xmm@faat hhatnghAlet Blogks bf mekonf ard ateded @@ store the
ke, st ARTRRIGS RS ARSI IP Sl9cHEPma Heb i Al Tom b i (o allocat
n
one PEBRL AR SRRl USSR 00 RE588 LS 0 mor
specifibl embodikedt, lin stdeetoerdnicdateneicia a tidesamdieation, titds desirable to be

al |l ocate,_.s | ock f han .t
sble Gisc5E QRliBa! Vg HHARHEOEGDR Broveb A i idshaa atggtime.
[13] Wﬁ% dzb ows%ﬁél %E’ssin% &%Wﬂrﬁﬁféwoberaaoﬁrﬂ{ @cc%ﬁﬁﬁbé Whh the
enb order to reduce latency in a vide

presealppt/errtmml to meadl qut ite tdedk ofalateel (Raststoredinethe memary d 1 onéhe

[in vji deo data.and to .be able to.send, o i
procegion 1 et ahT e oRE AReicHiospgr g, iGHBRe FRA tandr by
wnm{g’lﬁf&ﬁﬁtl&gzpi tPar N Rpit BRGS0 APRIATH QBcdrare GARAAB ?pesent

the present invention to read out the block o

mventian,athq Odomsationgyl@dhatns whidembyrtheypragessor thadugsdbeaddsess of a

e R e T i e

operatifn 85h Béiniidted RNy f alhugbr gﬁgaysh IFoaeganplanee prédessot ME2 can
present invention, the information 212 that is witten

write k§<y a ﬂmﬂm seibs ouipuf il Block B2 fnjitinie thefDM Asenerationg A special
wtuef By P Bda bl o AP 1B 13 U g g

that is ﬂloﬁiﬂb’re@ﬂoy&hd’l@l[fb@ﬂ coafroMalyck 2020 Typxenlly] the DMA. (PepatiRBSOr
112 can wite to a location in the output control
synchpriesd topeleck ¢dget i at e t he DVA operation. A speci al
v
14 YRR 05t B ARbE B TO0 Bt s cono
blockrmnl r&ﬁs&ﬁht Piztchbs) andlgmunt Goni the ﬂlnbéd)hdt 120begimngwith yhe element
DVA operation is synch{ ani z daagq a clock ed
[

mdwfftid@y Fhe %’5@%@5@ %8 FleREny eRsiin; %H&ealog%b%of the next
elemélﬁl?n ié&%ﬂ‘l\ f18his @c@nﬁd&?ﬁ%mctﬁﬂh&filad eescﬁda%ﬁe%ﬁ%nﬂy

ane enent fromt I'I'st
fetchdsﬂe@mkedllrsgelwnbht tThe rekectementiinthen altaasfetryd fibm mbmpty and processed

accord g i THRSa LR RN IoTACtE e e i 5q thabide GReE i
elemdftd BIH. ﬂ?ﬁ ald QI enilerehd 880rIEES2 fHoMsdhhtthé B&put control block 202

currentl Yy
can output the data read out from memory 116 to the processor 112 via a data channel 214 or

to an external device (not shown) over a data output channel 216.

[15] The linked list 122 allows the entire data block 102 (Fig. 1) to be read out directly
from memory 116 via DMA transfer without intervention from the processor 112, after
providing some initial setup data 212. More specifically, the processor 112 sets up

information to transfer out the starting element of the linked list, or at least a portion of the
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fetched linked |ist element. The next elenent is then
transferred fromnenory and processed accordi ngly.
wohiw/2st48epeat ed for each el enent in the |inkedTiuSsd035/016402
so that the linked |ist elenments 122b-122f are
subsequently read out. Fig. 2 shows that the out put
starting etennt of the kinRaPlistaThe wetpiptinfonmaidat mchidasiatdaast Addmnss

o Bh bt e BE G B et ot PS8 S i oo B o
data féﬂé‘@x‘ﬂahfe%ﬁ B |prc?\;§§ed dskRdll. T’blﬁlsl 1hRHRVIAl detilp shedifidl bAMSone clement
thé entire data block 102 (Fig. 1) to be read out

(e.g.di22e)xinl the Tinleadh lise AB2.yProgeesy pﬁthB)MMArtmmsfee peairding e the present

imven RS RR e oo P 5 o eintn 0 Yo ko Tog o opibrea

withdft @ sel &g iSBERatith frdth dMbeFort 1A 2tfbﬁm1%§@6th@1ulslo&1&e
starting elenent of the linked list, or at |east

a
[16] poFhd l@rﬁ<edf11st hZseamtainigiemeien thap pary lweused blydhe putput confrel block
202 tg%grfléﬁgmg rtrrg%tsfe? of thlr%cml 1“jeedS aaigloclgrlﬁ St efem ntr%%% of the

gl vi ng OC&IOI’]O |rst

hnkedfhst e i Bdcki ﬂo&he bépitufifg BRI, M&se@ﬁﬂ&&rhﬁﬁ@ﬂ through the
ue can be provided as well .

Thu
hnkeé élét:m @& sERPly bsiepesfcdiuimn the lagt elemzlztal)m af thﬁémkp‘i lgtds reached.
ligt
17 | T A AT R B o i ke
list cﬁn p@nt toaetenliskddist.nBigl 2 Alshows thed :)spta@:t df ehd llnaélstf@r rig figure
ujri n§4set up jnformation from

showg b Skt 198 25 094 eieet b nmengrb i . THels elreent2aRtia the
Tinkell 1531 22525019 B ?kﬂgﬁ g}fl%&ﬁﬁﬁ %tﬁ%}%k@@ﬁst%wﬁﬁger O%eﬁfent 224f in

out put ‘contro 2 to ormDVA tra
the hhkmi kst 224 eardpdiat ol yet knolh. llnlﬁhiahi;te(nd)t shbenp ot td 2@ linifed list
s. back I he be i nni

the_linked_ list 1
clemfe TPT ST {CBY h Lol FaPES i FAS5 aRTan A Rt loment

224f?bﬁ'& badkdo Ql?é“sté‘tlﬁg |el(enps%t veneat Rk efe thendnasioal 2IeRd 224a-
22f of the linkéd list is reached. [17] I'n accordance

224f wegdnad be tvivavedzes pepwtrato flinkédbligss, émémthar pusé ohé oontinubes lisled list

elenent. in a.li ca anot h nked
strucfir€  Thiogttabyiewitias date SELBPent of fhe ThA: ol P Sigssing
systehd 1ﬂ%lﬁcl§ﬂ1@\ﬁesteﬁ\ﬁn{/éﬂﬂ@%qs bBbdied®22, 224 stored in the

nmenory The | ast el enment 222f in the linked |i st

[18] 221.121 qgmrdms:etvaﬂastét mhem gsnsceoiche preﬁeret nmtemélpn,l gorgpplication

excoyty g nprrsRged T MR Rl upfut Bonki 2Rty usplons orte

linket QisERild subk@fticht Sdrtsf eeEIiked et are ¥aimploatput b?; Wo&put control
desirable in a specific video application that the

blocle?@ndtaferzingfto Bigi. At fos gEKNPIS, 2 Proces gKequligs endheprocessonl 12 can
Wl’lte:,_{l%gl ]%A%‘(!HIIYRIOIII Haef‘aﬁle erfgrﬂénst% ?ﬁ%?i%zzod cg a%g étg op %ﬁd'{ t}']xg %ﬁﬁjmt control

Vi ewe S Separa ts,

blocl{ 2(52 re@d¥o1E EHtksé B]éﬁiéﬁtsl IWik&otht bsfpusédntol bloek rddehed thgilasatlement
w that i s adopted wi |l depend gon the particul ar

122f,db@ @pﬂgnd@l@@ thage bwill poighbvack te the spardas plemept biRa; die present
1nveﬂtﬁ)n§ﬂ%}8f$¥§?h0é¢s;a§% ok& G5 ARG oM ihlbud I?ﬂ/llA ﬁﬁlﬁ?&%‘beraﬁon

aspec Sent i nvent | on, an application
without subsequent intervention after performing some setup operations; e.g., setting up the

data 212 in the output block. Once the DMA transfer begins, the processor 112 can simply
write new data to linked list elements that have been read out.

[19] In accordance with yet another aspect of the present invention, new linked list
elements written by the processor 112 during DMA transfer processing by the output control
block 202 can be written to different partitions of the memory 116. Since each linked list
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executing on the processor 112 can sinul taneously
update previously read-out portions of the |linked |ist
wohbdea2sgbsequent parts of the linked Iist arePO®iUSgN05/016402
out put by the output control block 202. Referring to
Fig. 2, for exanple, a process executing on the
elemant basessaxt addresscfiaid whe hextretamednt frothadinkeshlist g be fasated anywhere
) el enents 122a, 122h, .122c, apd sq..on.after,the ,out put
in megiontr Dhis BBt T asties sie Fiesd Bk flet {i it Rtthory
defra%l’H&rRh’ﬁo Béefs;ﬁhé b QG ForhRac MR EabMenth@SH isPre&dEBeivhd2BY & memory
he return Iink i'n that element wll point back to the
managgraotiesuys ellesatett portions of Themenyde ereate laige sonidgious dlaske peiree

al |.o a processor to initiate a conti .
memqry af?frsvﬁ]é’f’ aljgoﬁ’e &? ieéﬂnm%t f Eﬁlfedgh% gaérhﬁeelﬁﬁtlaiﬂ#%&\t/ e n%’i 8 fjyst portion of
mem&&t &1d ePEMAerE%sﬁf&j AR iGidhied. APENAkicitsi ofthg links®tiftiin the first

up the data 212 in the output block. Once the DVA .
memary grgiasrcap dgimasle te peintoor bidedrlis glemenistared i § segond gortion of

new.data t.o |linked i . ad
e 50 L BB o L) ARG b Bl VAR I B8 cement o
the liilfc@3RPin the Vi bbAidn oTewénhdrphertad ost, DALANmNtfer var fhbe prdeyed in

the processor 112 during DVA transfer processing by
the secpred prrtiph of BISAIOFY AbiigRoinl heqpeoReor P ciB e g sorte

il R A8 b B RIELE, IRy S 8 s e ot
that afll R whle,ithe DM iandfedcdnitintiesomithdae alditien dnshmytibre fremi the

menmory. This woul d be useful .where sonme form of
processpzrisygad wuationof dip DMA ARFBHSA- def r agment at i on
20] PIRGERSANMhelpRoddeldr Qi AReh bOREY AINBRICELHR LIS PIRAES
[ ]vvhe%g%y a i n%ry manager coa}lr es%gs alsll%tr:bat ed p%?ti o)r%mples
includd mivesprogessars (.2 atanttahpgeessorgtunitORIS) & amcippliodtichrspecific IC
nmory faor allocation., For exanple, a |inked |ist .can
(ASIGuhatiF dpsiine] QPFTIPER d#ig PROGeryas MBSO or Sty 2 Gt
digitalsi QR eDsPRInl8o bR tiated. A final el ement of
e tﬁl%iﬂrrlied Iriﬂs?t ?nnt he first menory portion can be
[21] ndde pedicpbir etmbbdinzent phthe grésenttinednsion e proeesser 117 ig a data
second Eort'on af, menory. whi Cth cont i nues thedl [ ﬁfi th
Proces{iRe SURRINIHGH V87 BOCHEmS Y Rings- A& T REPIE! ety
proce@dor 1M nli bitkeBhpiss b pluiFalith®F Vides raveEdor it A0kuRPEYeysor architecture.
read out, DMA transfer can then proceed in the second

Accopbinglyy ghe déta biaelrip2 cAtnp(iﬁq:ssviéQQ data tllahig p@@qy@@@ﬁh@ ymleo
e S0 S AT IS, AR 1 5o

contrdIBI6c iahe dldko phRewid SstehhalMBotfigirted ®rpetfontn DM@stransfers of
wi t hout additional instruction fromthe processor

videodajeostererl i thieaneroerydl otin acqomstensp sty the pres¢ms g vepion.

gener S SSi00:
1 ST RSP MR AR BB
appli@ﬁi(blh_r &br _@x&qﬂe,sﬂaa]gdax blockiebl) bethearideo data for an entire video frame; or
videaphion R8O B BES] Figet uBedh EE It AP YCRE Sartaftbe video
data 27 118 iHSiddo FinNE! fidll ORESSAMPIORRdeodBiInS i comprise 720

video lines in the case of progressively scanned video (720P). The number of lines varies

depending upon the format of the video data such as SD, HD, 10801 etc. It might be
convenient to organized the video on a frame by frame basis, where there is a linked list
structure for each frame of video. Each linked list structure would comprise a number of
linked list elements that constitute a video frame, where each element holds the data for a line

of video in the frame. More generally, the video data may be structured such that each linked
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[21] In a particul ar enbodi nrent of the present
i nvention the processor 112 is a data processing
woananens in a video processing system e.g., PATAUSO®O/016402
encoder. In fact, the processor 112 mght conprise a
plurality of vi deo processors in a nultiprocessor
list hgldotily eporion of ecdden frging or fibld. détieo ddtoedn hOseparated out into a

ses Vvi deo dat s proces vi d
e Rt P o e B B GRE PE ROl S0 5b <R i
strucumeEargbelaromdemfomc@dmu@@@arﬂut put control block in the
vi deo_ processing systemthat is conflgured to perform

[23] Diiet 7 slpsvsathe sERctyiend s laded lisieleraent BAZ2 ithecchedapeg withghe present
vl B3 SRR 5 oo S8 onh L B35, i i

incluﬁéxa fone bprrdatClehgh feldizag. aﬂﬁb fiektis &BatedF@ar a mmglltéédatum that
dat a. bl ock can be the video data for an entir

indicgiey tfv*iab}?egth&f ths elegent; elihg, lerigﬁh oheach slsanept 304 rethe diaker list is
not fi fg'e&j 919(% anlé\gal?Y Eopkat e!l &nt% bt CR 'fo&%@?%uh%% AEE includes

|ne|nteV|de rarreor
a fillendemgdh Gelded3vianda vierttoub syricdiyte 23 pTtesEller 2hgtti field I34es one-byte

I E S e T N
any 1&:48h W) %gaﬂa%ﬁﬁ%l&@l@@llm tgé‘-@ﬁg }ieﬁtﬁ4 dnld Cq}lg) tanﬁgength (m)

convenlent to organi zed the video on a frane
of “fibladeitas’ Thiedilledatheancbd NURLs (O, for extangtle. uAtfumebyte mextzadldress

f d Each |ink [ t t | d
field R0 b eletin mfikBikad B o enent s that
[24] € cmﬁy h@%r?s%t&%ﬂﬂo@é@ coﬂk‘ﬂﬁfr@ oﬁ AeRLR T Re A ﬁl§nstf$}e In the

for aline of video in the frame. Mre generally,
partlctum@er emh@ém@ﬁpéthmes@et wveninuthedengtic bf thh dtansfacis modulo 128
I St h he video fr

bytesy RO st 8 b RpB e sShel Wb vt eadi it 302 of the

linked @btiis §izé%@ﬁ@tﬁﬁﬁ:d&o ehisPpmedahditich He@Me 1bisth fEa ¢A88nRulo-128
conmponent video. A linked list structure can be

(.e., ol deadisasr integermulie of I28anvalpe divisihlg byd 28 rmm,m temainder).
The f\fl\}e{r #%{ 1% 19Lse% t Héﬁﬁ‘g tl{alt flis gén% Y 30% ‘I‘ﬁ aCC ?i)y?es of fill

resen Fnvention as e

data (pf)da el&sﬂilﬂ@ Reyd 3 Bnis sElretdd &b ement thd Q&ndlﬁoﬁ fh@t fh!e@ 1BHSA + m) is
includes a four-byte data length field 322. This field
an infegerrpglfiplepfas 6aWh‘%T9r 1Py dhejgizqipf the Hireg fwr@ateé‘seldsa eGiven that the

g S50 LD 2 EIEO ST, 623 g i

Value\CEfr“Q” Mlemlﬂrmnﬁdlem‘ﬁhéqutan d Vebuen@uduloA28our - byt e
Xi | field 312 |nc des afiller length field 334
251 ara this 9 Wleaﬁmésﬁ@eaw gpesentivepiipn.dhe YarHgalsyne bytg 332 is
a
enco gt it E Al O Siof THEN oo A bl 302 i et B R nd ofa
framdoef vadgo (hemgst’ Ive(tra)al oinc d)atIaa pértfduldr anp]fenehdttlaﬂﬁa Yaihd of@x01 is

used fpifgfodte el e e eaf DEe RELEY yoibDy 355 b ke fiAeds
add1t16n£1‘EHfohtﬁ)iﬁ@n n@%texﬁﬁgfee§ %alfula .5, G408)R BE thstRed RBal&the output

element in the |'inked
control block 202 to immediately cease DMA transfer operations. This is useful for

diagnostic purposes.

[26] Fig. 4 shows a flow chart 400 of the sequence of actions that the output control block
202 performs during a DMA transfer of video data stored in memory according to the present
invention. The output control block 202 is initialized (step 402) with information typically

provided by an application executing on the processor 112. This information includes at least
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[24] Many nmenory systens inpose a constraint on the
| ength of the data transfer. In the particular
wenhwdiemaat of the present invention, the | engPoTak2008016402
transfer is nodulo 128 bytes. Therefore, according to
this particular aspect of the invention, each el ement
an ach:Gs?s a@fthd tilke o ndtading iebtmens insthe énkahisdtr Ahe side pbtheatdrtihy element
hg condjtion that the length is a val ue nodul o- 128
can algg | %Provéf{e@al ue that is an integer nultiple of 128, a
[27] V@iMR t%yfe%Mc@ssmg i4 B8 ¥¥ntdd BYOhE e?%uﬂ&@ﬁrbl biboR 202 WiRH it is

I'S used to ensurethat is condition is .
tnggermit (step' H-Q4)’q UibteP MU triwafersopefatiph jchn ugtratlz(teé by thetmyecessor 112 in

|IIe e 316 |s sel ect.ed to satisf dj n
amy of v Spere Sy oeom SeRafy Fe e Rierdiel ol AP sty il o
predeﬁﬁ&i siphielifle, v&ﬁtmg ® dnhBeSindBe Sftpht@ntbI B16cK 202, 28Y 56 on. The
| dS. G ven that the data | ength (n) can be zero,

output tmltIfOﬂ blogk containg thm@dmsmﬁthmmw element in Shphinked dist. o

[28] gyeﬂééﬁ,l uﬁ]yg/% Hafifgli“@q%?at{oﬁ%s ﬁ%garr%rgegafﬁ }aeraﬂe ﬁglch% a%ldressed linked

list eléﬁleﬂth ¢n RVRES ﬁb}ﬁlhd’h‘ﬁ@ﬁ 1 the datatfbven Mg & viddo i8 Yysicdliyt en ﬂi@ ﬁrder of IK
is encoded with control information. The vertical sync

(1 024bwt@s 3Bberpfpre; 4 thercgsg ﬁh@t sgh elopat il bnked Kyt asRicesnis a video
line 1 i fhg Qf(i)de()ﬁ eeor \){8&} ﬁc‘—fl h§ 3%11-%8& ofldﬂtaach&qg ﬁ%ﬂéﬂaﬁédd by he DMA

I"'ene i on,  a va used to I'n

operaﬁh@lseﬂbdutOlfMQZ?@) biytes. f]Dép‘@dm'ghm thenteimoay amhmentmtaﬁd 31&*2data bus
can al so encode addi tional informatjon. Far exang ﬁ
widthyrepdiag ot @ clemgpiananEqupe PPV rarre qpsrations-plhus, a

first ]ﬁ\%ﬁt tE sfel? Ir&?l% o&pgﬁfs?ﬁbﬁ?ﬁ g!f?rfeq c& fieS e t—ph@lrllsj &mputation

I ons his Is |a nost1c purposes.
can bcﬁ ﬁﬁ]ie Basgd od tishdnts leagthl findd 8 P2t ddﬁﬁllmef iftaHertbe@dukidc ramsfer
actl ons that the output control block 202 perforns
operafoR(s)ig nge transfer of video data stored in nmenory

[29] 2%&8Q% Qg 98 e WiRo Bﬁ%%ﬁ)?ﬁoﬂ HMAE hhlEE’&i list BRnfidt RWbtHRG 411l

bllock 202 1s initialized (step 402) with information
processgpiic sdrhgmpnweri dbis thpically Bplves autputting Xecvitendatato & isleo

rocess 112. Thi far i ncl ydes_at , l.east
o e S OSSP 560 BBl SRR,
accorli;hﬁlé QA doﬁ{/entl-glﬂﬁl VR pRfcedshiy, 8 Atdrii of bSQAB Biinika BigAhS:

be provided. [2 DVA™ t r ansfer processing is perforne

mechigyist h@u@b@uﬁedd@ nﬁcmtﬂptkﬂumm‘roc@e@ MReat this tims spthajdles rext DMA
DVA transfer operation can be

Um“é?ﬁ@#%ﬁ%ﬁ%%gyBW&”%F@%@Ssor 112 in any of a nunber of

[30] Weidwd¢BR N adcRFMALSIWRS thd prebdndl inven@&s @ldeteR@irAfion is made in a step
interrupt, asserting a predefined si gnal line, witing

409 wihgthen ormas o Pentirie t@MGrpuwg thehlked | lishfas he s clegteat. sRefsrmg to

Fig. 3;F er %ﬁhcgl ﬁ%ﬁe%}aﬁg %?sc o% cEfl%' i{ﬂ {ot}&fr%%? %ﬁ%ﬁx&t‘a{}; ﬁl%d 312

whiclf€ntaifs DMﬁ(tl&ﬂ%Flﬁcf Byte G BE r Rtad:aliln thas thiebfte Eﬂiﬁ@tés&vﬁ&ﬁﬁ 0 dbntinue
t he addr essed nked |i st elenent In a vi

traverging|the Hedrist (aucdst i GO, & Fq raslistyiayesal; @alfly gthes thap 0x01).
If list Qﬁv&gﬁ if {od rnt18I16, lgn processing proceeds to a step 410, otherwise the

processing is complete.

[31] Instep 410, the next address field in the currently fetched linked list element is
accessed to obtain the address in the memory 116 of the next element in the list. Processing
then proceeds to step 406 to obtain the next element. It is noted here that, in accordance with

the present invention, DMA processing continues without additional setup by the processor



10

15

20

25

30

(1024) bytes. Therefore, in the case that each el ement
in the linked Iist represents a video line in the
woRdsaz2faanme or video field, the anpbunt of datacThaloos5m16402
transferred by the DVA operation is about I M (220)
bytes. Dependi ng on the nmenory architecture and the
112. TatsaDMiA tsansfehis costidionglyqetformedberepnatingsensedtithrouging10,
or nore, transfer erations. Thus, a first DVA
absenkmm?w%é%%pfamw ﬁars_t portion of the linked Iist
[32] EIfaHE Nt oIfRASH in mLIRIRYRE pSRtsGAk REhIBERINESQHRIT & orms a
~ " data length field 322 to determine if a further DVA
circulamlanksd &ist) dper theilioked Jisti willheageatedipgpvearseda Ast @pplicaigon
.he vi.deo dat a rtion.of the.lin | iy - 11'S
exeoufff g Hscrrarrar 0 etb B el Ricmhif e me 5 pBh B Vigg e afer
it is rdaf 6L, ViegcIB RtV Quipheing Hhethet fhmetod fizldvefdedecout put
channel of the output control block 202, such as the

[33] ddha livkedplist neermatdr cireelarlylinked: Jnglaab @ RpGess can contintously add
convent i anal ¢ ' '
s B ST o B A 4 B 0 of e
collec%ibﬁ pﬁi]:c@&ﬁﬁgs@f %léﬂaemﬁbvlﬁdﬂ lsavtibsen mad bhiatintthese seortaribb/Mt is noted
that therprase A AES PGS BNSSPRE! SIAGEHM b A operations ate the
o el rei i i i 4
i35 TLAB e e TR o e RBaMIEH DGl hchn
linkecelis lrf{ﬁdi] initiRafeddMAngartsferfiracessSng (shap 44t i cul ar
[ ement ati on di scl osed herein incorpotate n
341 albe disapspian WRLROT BINAY @lCRBIESR A it ?f&@?ﬁw%“ the present
invenh¥ £ Svideo Pl%%@&@ldg apbliédtiochNisS cdnBnlytdbE ¢aes fovialk Rfredefts video
conti nue t averS|nE the l'inked Iist (value set to
as a nDdta and ad chromadetal il this embedigwht, @waleodiapaheymprizes a luma data

ST T TN P
streang 5&3&?&%& k48 sclipgrﬁ@ﬁﬂ&%tli%t atrddentdht. SERRA efekbbnt iM@eRe3plective linked

_ ress fiel'd in the currently fetched |inked Iist _
lists cehsitetas theslaticiors Haelof videbirstha fiame. ddgchrumn date petually comprises

nmepory 116.of the, ne el ement ~in_th .St - '
chrorgd fot goebtent § Ll Habe o kacarir ine Syt FERET I feduce
videoldhatal sord88 RQAuierhents BRptimddrinaaertiateemalisfrhbgorr €seetuently,
i nventi on, DMA processing continues w thout additional

the chsemaR oy ¢hivempEodats ey beigembipgdsandrytgred imihs pame jagiount of space as
cont i nuousl y, performed by repeating steps 406 through

used tﬂ?f&?regbeglgﬂ’ta dla%t ervention by the processor 112. [32] If

[35] t 18g|adbwelagRRAMpledf b MM inteficd 560 ugpdiintie dmek contrélidock 202
starting el errentM(l .e., forms, a circular_linked I|ist)

shown kreRigt B éo perfieadDMAstranglen opseatioapakihe dppa %Dﬂlé%ﬁ‘i% épd ﬁ’ﬁﬁhmma

: l.icati ti r ..
ke S5 e VAP0 A R S788prky Eph o iona
detaill for fhe @gkrioty cohifeitee Y4 efifl alsbibephovided gutecdetptoamplaiethe design

frame or field of video. ) )
and operation of the DMA interface 500. It will be appreciated that the elements of the DMA

interface can be incorporated in the memory controller 114, or may exist as a separate block.
In other words, different configurations are possible\depending on the implementation.

[36] A signal 522 (DMA-data-ready) from the memory (e.g., DMA) controller 114 feeds
into the DMA interface block 500 to indicate that the DMA controller 114 has data to be read
out. A DMA address bus 524 feeds into the memory controller 114. A 64-bit data bus 526
from the memory controller 114 feeds into latches 504, 506, and to a buffer (not shown) for

storing data read out from the memory 116.
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[33] The linked list need not be circularly |inked.
I nstead, a process can continuously add elenents to
woOhercandisf the [inked [ist, while another proeesaS2005/016402
perfornms sone form of garbage collection processing on
el enents whi ch have been read out. In these scenari os,
[37] i A dsta mtroteeﬁlst (eat, registepbankg stooes stdiingadbiesset anvbotheranfompation to

i3] e S 0ROt OB ST A i Brage 1. o
1nfor1ﬁ29&1 doRtafifeAdn i dattehﬁo&tfﬁ'gtlé fg%ir allycédiged. 'F'Uf%ﬁample

l1st and Initiating DVA trans procesSsing (step
soﬁwaﬁzb)(ecqtmg]on'ﬁrmo@smdég icaim Wit¢ to thedata 2A A to thealata store 518 or read

from ’q%g %Tﬁ ih@, }ng' Ca'é{oé?éz él?cﬁlg&eg 63}1?18 g;afngaﬁldpe&g %v%lch identifies a

begmﬁlﬁ g@%kéﬁt ed, Migde ity Hited1RPFR IRNMutad8e8reafm (@2tyﬂ1&he
ata a as chroma data. In this enbodi ment, a vi

medeV ane Sowitarlys e shrpmasiart aiddressddensidies pibaginningslesneny (6%1) of the

ar.ran t di scussed above.
hnke(%fﬁ]f?”ﬁlaﬁgmglacﬁtao%a g(t%g}?sneam is stored in a

[38] Seam8ldatastdrt Bk@Elsh irsdludes ifogeaRntrelaiag b gk elﬁﬁn:ﬁzel, Whtaﬂller the data
respective linked |ists constitutes the data fo

is 8-bitidata asfl Ovhitidasastho Yideo fietaan berFercdHR Srbit Goamat erck (e frmat. A
e SAPPEAGE AT AN A0S STUATEPH B ol BN 1 o

only Sluffaaiies stegin. rAsweill be dypldinecdanpd vidgo-staet dahmo (ﬂtart—wdeo -out)
i nformati on. Consequently, the cprona R_and c

-B
trigecRRTACRFTEH OB EHbIE ST Yide At Tk, Hesofiimee ‘é(ﬂLgPﬁn?lP dlpe address
1nforn§2&fb?1e al?ciswﬂéﬁegld @oﬁ‘t#)ﬁ{ i§ Sl\}ﬂfed &je%t Rart HARI 15'\781‘[‘(65

NOWS  an exanp nter ace 500 used in the
[39] OlIﬂ'J,BlDMACmiﬂrasls b @dére20nes) 6vhisiduiven by aZnwo5@er Tlormmx 502 is

DMAtransfer operatiqns of the |uma | d l.ist and .
couplithio TeHRBTARCI IR S UGSt FIOLBE GRS ToR BRFERRGf gpntained

in the%%%@%ﬁ% qhe L& m%s%%céﬁééeﬂhhﬁfhexﬁgc{ﬁréés QRala cHRIRd-hext

e nmenory controller 114 wll also be provided as
addreseefeoiac date kasahl Q6 ftypivelly pmvgdﬁddndﬂltppf@m) i An‘,egﬁtot frpubDfi@Ra on the

interface 500, 1t wi.ll be ed t hat
e S0l RSV PF e ek i B PR EA B 5% bl ooV aderess bus 524,
[40] t h%e'mr'fﬁf Yot B0 520 o645 ihibdhe QhitaMBYh §¥4.Sth GpRratioh e datatbus 526
lock. I'n other words, different configurations are

1n1t1a1;bp%r1& edde pangth W@“Q)@Ztlhﬁgl hpnSamits &f therp4-pigbis and a filler length

22 da rea n1the
vatue Ry T S oF s Dot 1407 BAde oo CHEUBHRE T e i iy e
data lg’t%h Y 8lub A BRtEbitsAkich B&ls@M% M dreth Jalde bagaitéd & the data
be read out. A DVMA address bus 524 feeds into the

bus 5% By dafa kgl vadie apighe Alleulength valie deastistomepdden Framrng

o PSTEE RS B ! SPGB PR k3 2R B o

the gdnbfl ABMARMMcthkbofledd] lidkeddistelsinene sﬁdx&l {teFig. 3. regi ster
bank) stores starting addresses and other_informtio

[41] t Ihefthindase Buphdg alsafesdssintaothe delgrlatch g0e| Bhensrations B}fh data bus
526 0511?1%5 35l-%§fjadd?esls '(m-ﬂe&t)ttgleth%@{ Wnkbd st diBGent (e.g., 622b) in the

linked list 622 for the luma data stream, and a 32-bit address (chroma-next) for the next
linked list element (e.g., 624b) in the linked list 624 for the chroma data stream. Referring
again to Fig. 3, the 32-bit luma-next address comes from the four-byte link address field 324

of a linked list element in the luma data stream linked list. Similarly, the 32-bit chroma-next
address comes from the four-byte link address field of a linked list element in the chroma
data stream linked list. These 32-bit address lines feed into the mux 502.

10
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information contained in the data store 518 is
progranmatical ly accessed. For exanple, software
wexemuki4g on a processor 112 can wite to therPdata2@03ima16402
to the data store 518 or read fromthe data store 518.
The information 212 includes a |uma start address
[42] V\A’il"l'mraddetemtcuftﬁé% recebeg itrerdateylengibriahite and Ity ldEgth vabye dm the

data lﬁ@ l I n e%nlstéﬁ{ﬁgllge{?éqi”L % dat @Fg&? ﬁg&gﬁ% gcu{tlglk.h ?(eferring

to F1% geﬁfchﬁ bESecd tﬂaﬁ%@iﬂd@ﬂc@dﬁﬂ'ﬁ@tco Yth®fen ﬂh%f'ai div@linked list
ist for the chrona data stream (624). [38] The data

elemant.ofbe 6arBtant value HEY Laderss ifiomo theehies fotrehyde fielgs that ategound in

oo e R 42, Sy 0, b o

addredOf8iutzo2hormat . A | urm only datum i ndi cates whet her the
data to be accessed fromthe rre_m)re/ 116 contains only
[43] a ’Ehsrrmnmted sy waduceddythe pddse ciasipt 28 hisadpiafaoncorgparator 514.

vi deo- st S t) g
The ofrigBRIQ S cBRHE M Pirhidd SFLHRY sl B0 o2 rbig couper s16.
The oa@ﬁtteif\@rsecdunkd the atimber dﬂb@‘,’te’s deldeomithd menlty controdled1 Wheln the
vi deo output is desired, the video-start datumis

specifypaliyrdiselosed smboianeni/al the pressat lsn@tlpadfaﬁ saenqry gaayolly 414
outpulrtsz%lg]i’itjvby{% a? Xlti%lé% eEB?/LA ﬁ}@rfg@@%lé (%T%Hﬂ% Qhe counter 516

una s ar ress an
1s1ncﬁ=ﬁhdsrn®eﬂsbymécmstmtvameoﬁrﬁ’al ned in the data store 518

he nmux 502 al so receiv a luma-n ddress and a
[44] cr%realm%;ef thg@@rr@ggatqrrpéwf%eaaﬁ@nﬁ @ﬁl @980?1?%’3 gupyagpd the

count8f 9&1&%@1‘1 tcRY Thels %ﬁ%ﬂ s g ;:%hséﬁgg eofter MlouBRL B B2 Joﬁﬁ)arator

sel ect's ata Into the nux w
also sdrview ena ergnhlhhat[il’a&cadsj‘uhe s8d bfitheJinked lléll)f]lerffdm heﬂbd:ﬂntreached
dat a bus eds into .data | atch
[45] o4 piateBae S swﬂ%@gmgmlfﬁ f%ﬂu@zﬁ% it fpypepform the

series cﬁ"@%ﬁu‘éﬁé é’cﬁnllgrgs%?% thE ']ﬂv{Agt}arﬂsfér %%eﬂﬁh&r% Sfthd ﬁ&se@ﬂf lrﬂ}ehtlon The

bus“and a fil engt h val ue in 8 bits of
state mashind tsendatdle IS‘ateolmtﬁ @4tadutlp@n-su1tda@1mzs Wiitten. win r@ﬁponse to

t th ta | th
receiig i FH-Gidemant ey O gty WU e SPEah et 107 Pilalh e
lumaiéﬁ&taaday@ss%ﬁﬁythéf b1 Mabarckeh@tpaval ue and the filler

| ength value feed into an adder (summing) circuit 512

(6] ash %m@pﬁ cight o¥ies ofuli is rHScirerE the TEMGTY A0dien i bloks of data is

readyst}‘ﬁ% §§%]&Qad\§/g%] gﬁeselﬁ?(@ pfé@ﬁ% {)t%r@h bgﬁg 8r thlx_a startlng
element inl thellinkB@1i§i4obiht 1etai aatbUThd aﬁteahsanﬁsemgsreswnas bh @atcmng in
data latch 506. In operation, the data bus 526 carr

data %TrazhmDMﬁa@m@ghm igeathe éﬁfta)latf’]@ﬁ 04.n&hedate lqngthdaeld |32% ﬁnd the
filler F 61%'19 fl él%l (3§4 %fe’ epg%&?cka%%]l é.h(ﬁ] f%gﬁﬁgo t{h@ lélglglrdgié gi% Qﬁ‘?&é%rgl Su %f computed

and chb@batei@gmaxitthé hﬁt%dnlet S16.eDeasviiicl eorgpriscGR&8ta ifield pretion 314
| inked |ist 624 for the chroma data stream Referring

from ghgenhanne) 56 é then siprrd ta2 bfier (MofabaTERt ThadsbeiB IS is
1ncrer§1%8t'éh%99‘8f’,our byte link address field 324

[47] Subsequent 8-byte blocks of the linked list element are read in and stored to the
buffer. With each 8-byte block, the list-counter 516 is incremented by “8”. When the last
eight bytes of the linked list element are read in, the comparator 514 will assert end-of-list.
This will trigger latch 506 to latch in the luma-next address. At this point, one line of luma

data has been read out of memory.

11



10

15

of alinked list elenent in the |una data stream
linked list. Simlarly, the 32-bit chroma-next address
woanwss2faem t he four-byte |link address field oPC®US2005/016402
linked list elenent in the chronma data stream | i nked
l[ist. These 32-bit address lines feed into the nux
[48] 50rhd ehd}oflist sigdalevillpansathe sBPmachies YA8stotouépud fvia mux 502) the

o R aHT T BE bt G4 VS, LBl 3 B ctemens
in thd Bhkcl9isPAR¥he GHrbmH dhtad Hhe sBRREEY dlbMenttdT tid Binked list for € chroma

be seen that the adder circuit 512 conputes the |length
data igfreasl @it Ve thelspmk eehnngsas discapssdtfor thi stactingselementedtheluma data.

"12" cones fr h aree four-hyte fields . tha
49 ¢ e PGSk 1k e A Bt B i Shrbiog i el PhoBlefea, the
chrorha-8bgt-a3ddoss GHE havbbdeh diyhddi iflodhd latch 5060 Mbehid pailst, a line of luma
address field 324. [43] The conputed sun1groduced b

data ariqlee Mrfelrcheeme willl havedbopn sepsl quihpied hufdsadalae data sqmt.he%/n’@é

[ 14 . L he com ith a val ue
proceg%%%g %%%Englﬁt 8181 g&}n‘g@pg@% tl]t Qﬂwag%@g% ﬁﬁtecﬁﬂgi]ie@n counts the
[50] nurhks mehnwilyiles she' stel nfathife 508 drivesthy eenhéextdddresd Idched in the
i the specifically disclosed enbodi nent o

h _ f th )
mux phertaths Reafdisss tise 2freitdieginciafty grpsder of fhe %%&t lpmeent in the
luma @04 QY WPRefthe %e)'it' iEmdi® il El% é%h.'nﬂédeﬁgt qézﬁag Ing‘c} R er (not

nsequently, the counter I's Incremented by a
showapnisd st nvahine SOB dH8es the 4hjonTdrextatiptess afched én the mux 502 onto

the DRRA gt B A (acaibin i Hern eleBieghin (e soR ron ey =
(51] t MBSO Ucebrda %ﬁﬁiﬂﬁh@?‘ies@ﬁt ihénteAMPahglkPMAl £Pup %Piéigtﬁon to read

t
as a S|gna§ t I ndi cates the end of "the linked Ti
in a ferbtehteck ofiesa issefficienttthimdiatg 4 6ntiustsasesiesrat DM op&Btions to read

. r.ovides control _signal d uenci con | .to
i PSSR SR PR PR b fptaa e no
identfflc@n8 ftlf‘erinﬁf?i?t)@ﬁ)\%_@tﬁlﬁpekgfl‘égp ﬁq&zf@dgﬁ ‘Siﬁ[hi\dlﬁft‘fghﬁ’lrbloc-'ﬂ%%f data are

state machine is in-an i
identdtedrin apireldoustuobtaiacd hlock ofdatat t en hi response to
receiving the start-video-out datum the state machine
operates the nmux 502 to latch the |uma-start-address
onto the DVA address bus 524. [46] A block of eight
bytes of data is read fromthe nenory, and when that
bl ock of data is ready, the DVA-data-ready is
asserted; this block is the first eight bytes of the
starting elenent in the linked list for the |uma data.
The state machi ne 508 responds by latching in data
fromthe DVA channel 526 into the data |atch 504. The
data length field 322 and the filler length field 334
are produced and fed into the sumrer 512, where the
sumis conmputed and conpared agai nst the |ist-counter
516. Data which conprise the data field portion 314
fromthe channel 526 is then stored to a buffer (not
shown). The list-counter 516 is
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increnmented by "8". [47] Subsequent 8-byte bl ocks of

the linked Iist elenment are read in and stored to the
woubdear1448W t h each 8-byte bl ock, the |ist-counPer/uSi®5/016402

is incremented by "8". When the |ast eight bytes of

the |inke TSt [ ar at or
514 will yg&ﬁcﬁﬁﬁﬁ%ﬁﬁiﬁﬁ@ﬂ%%#@ﬁ‘&% | at ch
506 to latch in the luma-next address. At this point,
one |isne of data ha een read out of menory. [ 48]
The end- of -é@?ﬁﬁaﬁ?'%mﬁ?’f’ace’é‘@?émﬁhe state nachi ne
508 t peffofmi a(fitbtD A2 dpBRteh 1O RS Bt d

... tao the DVA address bus 524, to blegi n rgadi ng ag%?ﬁt%ﬁgmsetoa

lmtlateé?i\éﬁrrrﬁ’gsf@] Tagigption; thattis asseitedkeyia datetpréasssingblocky ona

dat a. e ' I t~o0f the linked list for the

chr oms P pne Al BpRRE rfn b B alitner 2o

di scubasd dt drast dieths Fiedt bl MgssSh &Rt OR eﬁmﬁhglﬁf@e&ﬁaq]MA

r[49132}{'i\£7‘1en gead out of the linked list elenent for the

transfer qRoEAHPndg PR tRAddnmg] datedbe sasend PAGAxransfet opaiatiesising

perfomi’t‘,‘d!a!bsé}ﬁ\{ﬁeﬁ'%ﬁﬁm# ﬁ‘{uﬁ%&é&it?é&c@%ﬁg lﬁggkp g6 At this
point, aline o uma da an rhe of chroma will

have Ipedormiegddditionah DMALfdhefee dperdtiensdaobtatrpfurthBedath Based at
for,.exa [ put putting it _on

processed Le,,.sinmply. - a
least or{ A B hTorERiAG Conags i g Additiagah it the addionsl RIA transfer
ticHB Wi} fRmed | i - ; in
P RIS e BRGNP SN, o
transfer of the next elenent in the luma linked |ist.

Wien £he ndhe mathodeficlaim &t fagthbneranprisimgaabnimsticating esatting

s 0 0N B U i

whereiroprforiieg DratdiVIAstanofes oE&éti&I?isﬁﬁ@é‘h oithk B@rtdddress, wherein
ed list. [51] Thus, 1n

el t in the chroma_ linked
the secapdd Vs EESfeq apsrapipe angt B @nditiongldpi‘otransieropargtiendignot
require S@HidE ARG AlbAhbh ﬁro%?ﬁxe'datat%r]:)}:ers%lg Qgk of datais

suffrcrent to initirate a continuous®sertes of DVA
operations to read in additional blocks of data.
Si gni Bi canilhg mettod ofidtithilafnether s BingRmmiblieflss adftarting
dat a not Jddentified in.the ipitial DVA set up
adaress 38 B Bl-neth ot i detpipeocsatipe Ploshprioy iocestogmingdbe Sest OMA
transferiopefatioh] WHerk RrBfMb MSHinét PRIA! oA
é)gt o BEPL AT ot g uﬁDER%c%ﬁ%%f%ﬁzég&lfgf bageflop the

starting addngss and thedatedenginpri si ng: performing a first DVA
transfer operation to obtain first data in response to

ainijiate VAR fer indication,that is.asserted

a dat %\' pr ogessF{nhé’a% 8@&1;1 13‘21{165?lﬁitﬁegda%Bpgg@lt}gﬁﬁg%ﬂug%sa
data prokessor, tone DR, of aflABEC. based at | east on the first

address information performng a second DVA transfer

oper a%i on 1o obtain additional data, the second DVA
transfer og;g? methed ofglapy 1 wherein the data obtained by each DMA

transfer operation includes data that indicates whether or not to perform a subsequent DMA

transfer operation.

6. The method of claim 1 wherein the data obtained by a DMA transfer
operation includes data that indicates the size of the data that is obtained by the DMA transfer

operation.

SUBSTITUTE SHEET (RULE 26)
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perfornmed absent intervention fromthe data processing
bl ock; and perform ng additional DVA transfer
wopeseaki«ans to obtain further data based at | eR6T/USEN05/016402
addressing information contained in the additional
data, the additional DVA transfer operations being
perfornmed absent intervention fromthe data processing
bl ocky 2. - Glai . r r |3l .
communi ot g REAR oflem 8 EhiTh dr o B DA bt Berations
includepotteingsg o frsbpartikn pf daia, the fipst pbritoni of Jataligcliding siziformation
. transfer operation, wherejn rformng the first DVA
relating tp Sysaraung BE sle oy relrieysC bl s one e Be WA g oegitions,
erei i 5 . . .
e R P Arey o oy st sp B el dcfitite h thesize

informagipas ti ng address information fromthe data processing
bl ock. 3. The nethod of claim1 further conprising

conmugi cat i a.starting.address, a a data |l.ength

from the dgpgmﬁtrhggé’ggaﬁg 13%665?3“3]?‘? @ga BPrguised iR TReRary as at
least ont lihkéd Rrhétarsf er operati on, wherein perform ng the

first DVA transfer operation is based on the starting

address and the data | ength. 4. The nethod of claim

Iwher i n t h8e mathed of glaga djas pepprred infcyidensrogesging gystem.

processor, or a DSP, or an ASIC. 5. The nethod of

cl ai whefgi .8k .

opor aton (e el of hain b it Wiy A0 G Ehed by
the DMAdransfdr openationsitb e evifleorvutiivehanmehisfthe vidpe padcessing Gystefhe

nmet hod of claim lwherein the data obtai ned by a DVA

transfer operation.includes data that ,indjcates the
i 26 oF ¢ hBTREMEPromrat e i bl bRk & aridim DMa
transfer@P@xfaﬁbh@tb re@d 5 Bhth\idreSinEhhe fBH); Ehe@ithod EbRpABIhBOd Of
claim1l wherein one of the DVA transfer operations
i ncl uERSSIVEI &St adgress fiopsa dgga pracessing blgela, the first
porti t.a . [ ' ' on relating to
t he a%aﬁ;ngg@ 1@%1% %{E’ng Ilg)g& P?@e%@é?%g’s é‘jg’ﬁ%nsgne of the
DVA t parfierfreng ofiest BIMA msnsfahepeeationato @ef outrarfigstfdatd $16¢k from
DVA transfer operations is perforned depending on the
the memgryand f or nati on. 8. The method of claim 1 wherein the
data }& | b : lsi
st DRFRERRDAbSGuL) IVOE FRiSterapolichPRkal OF dduH6EH futa
blocks from dhe/indmoryp eacheubsaquert\3YIdntransfer operation using addressing

information obtained from a data block obtained from a previous DMA transfer operation,

wherein the subsequent DMA transfer operations are performed absent any

intervention by the data processing block.

12.  The method of claim 11 further comprising receiving a data length
from the data processing block along with the first address.

13.  The method of claim 11 wherein the data processing block includes a
CPU, or a DSP, or an ASIC.

14.  The method of claim 11 wherein the data obtained by each DMA
transfer operation includes data that indicates whether or not to perform a subsequent DMA

transfer operation.
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10. The nmethod of claim9 further conprising
outputting data obtained by the DVA transfer
wopeseaki«ans to a video out put channel in the vPAews2005/016402
processing system 11. A nethod of operating an out put
control logic block to perform DVA transfer operations
to read out data stored in a nenory, the nethod
conpr i si ng: | i fihrst addre from g,dat
pr ocegz'i ng %%%Ed;o\érogggﬁ\l}ilr%g eﬁelflg%‘? @%f’ P%ﬁ%ﬂlﬂ@bef sfer

operatidmriaciafier datpthatintizates teeideaihagata tiat issHRed BRARIMA transfer
operation to read out a first data block fromthe

operati®Benpry: and perforni ng subsequent DVA transfer
operations to read out additional data blocks fromthe
menor ye. eaghe HdRHAWGYERIm PRy ol STRIONS
. addr essi nf% i nf ormation "obt a.%‘ﬁﬂﬁ’gﬁg‘%%@ %&5@?@%&10“
mcludes)cmt@mmgdi 1sbportioppEdatgube Midhportmnsif datadpelndihg @ize information

relaﬁng}ggﬁqrpg " mtaap §g§egz? foel%li%{}feﬁggp}& téa{}a P:%fﬁ %gw%t%%liagrg%er%;}graﬁons,
whereinfne @2 8§18 GurtHe® DMA trinsfEN6p iR s ﬂérf&hféh f&ﬁ%&ggﬁ%ﬂ‘ﬁ% size

. conprising receiving a data | engt rom-t
informafiecessi ng bl ock along with the first address. 13. The
met hod of claim 11 wherein the data processing bl ock

i ncl uges an ASIC 14. The nethod

of cl gﬁm 11 V\#gtrh glﬁﬁ?f %ﬁeﬁa};\%}\le{% ﬁre 1\Preaniaed iy Hic memory
as at leastraredinked tipestratiues) i ncl udes data that indicates

whet her or not to perform a subsequent DMA transfer

oper at4 on.,_ SUBSTI SHEET (RULE 26) 15. The met hod of
cl ai ?Atén whid B¢ OJ Hggalé? 4l avperiorareddy 2 yidoomregessing system.

operation includes data that indicates the size of the

data fd1at Tge Qbhal BEClaby 18 R HMOohbARRE %Ptptgﬁgxrgﬁsko&tained by

16. The nmethod of claim 11 wherein one o
the DMA tapnsferepespiionstto o wisleb mutputiclanobl iaithé vigeapfocesstngnysteiron
of data, the first portion of data including size

i nforgmtio ' tq t nt of dat 0 _be .
ot 1 Ded by iRy ot TROTR e af b ol ctRranes blook
of data aohgriging: one or nore further DVA transfer operations is

perfornmed depending on the size information. 17. The
met hd@eHYIng tionks data wrrsessop fiesh infgemationswiiely identi6es 4 first group

of data stdi6d TBIEMofy;

accessing the first group of data from a location in the memory based at least

-

on the first information;

determining second address information based at least on address information
contained in the first group of data, the second address information identifying a second
group of data in the memory;

accessing the second group of data from a location in the memory identified
by the second address information; and

repeating the accessing and determining steps with respect to additional
groups of data stored in the memory, wherein the accessing and determining steps are

performed absent interaction with the data processor.

21.  The method of claim 20 wherein the recited steps are performed for a
first block of data and for a second block of data.

SUBSTITUTE SHEET (RULE 26)
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as at |east one linked Iist structure. 18. The nethod

of claim1ll as perfornmed in a video processing system
wa2006finet4set hod of claim 18 further conprisi ngPCT/US2005/016402

out putting data obtained by the DVA transfer

operations to a video output channel in the video

processi ng system 20. A direct nenory access (DwVA)

compePe ngbe BRI S B e ffe ek R oRpq the second

block ofidafaCk&eide®@Batahi ch identifies a first group of data
stored a nenory; accessing the first group of data

froma | ocation in the nenory based at |east on the

fi rst23i nf orheanstieest ofrdaiey 7 Wh@tgmstbe &l bieliod data and the second
block of' 618{] gaﬂég%ngﬁﬁtgg tﬁtlfrsat ﬁ%ﬁ% gf’ﬁd?djg{t? ¥ atﬁ%fdodméo ta, wherein

the first Bld)dk Gﬁﬁata pomstinmés zc)llilmadjbﬁtploﬁmtﬂ@ tiee ﬁﬂﬁ@ﬁﬁv@dﬁcﬁdﬂia of thddledd of
he nenory; accessi ng,a t he second group of data from

in
video dagg, w@@alm ths spepnd ploclaidalp ongtiitier p& Oé@a ehepersab fthe frame of
v1deoda§d<grtﬁ§ﬁefdrgf%({égtd5&n and repeating the accessi ng and

ce ermning steps Wi th respect to additional groups of
data stored in the nmenory, wherein the accessing and

det erdi ni rﬂlesnﬁb@l afrcéalpei‘(} wheneth thb black of dateisionganized as a
h | 20
i st e epinilr 6 P46 cutgpe Caputiyeth B Phofa™ 1 ¢

bl ock of data and for a second bl ock of data.
SUBSHISTUT B hghiidtiiod &itd1din?8) wBerelththe fiedthofdrmiticl inthndes 4
~ wherein the first block of data and the second bl ock

starting addrefst a are vi deo data. 23. The nethod of claim 21

wherein the first block of data and the second bl ock

of d t f:

Gatas8 o PfpGhof Skt 98 EnErehi¥e Motch@FFatiin HARR 0 |
starting eddrelstand aciattledgthes a | uma conponent in the frame of

vi deo data or the fieId of video data, wherein the

seco |l o f dat ut es L onA .conponen

The. Hhme DN e SR o iR iR DrGBIRaR s ared i o
memory%omp 'Hgﬁl t hod of cI a| m 20 wherein the bl ock of data

is organi zed as a link list of plural elenents, data

each (e) mading adtststata gronp Fomhe plesrary ¥t regpange to a DMA-

initiating action performed by a data processing unit, the first data group comprising a video

data portion and an address portion;

(b) outputting the video data portion on a video output channel;

(c) reading a second data group from the memory from a location in the
memory determined based at least on the address data component of the first data group, the
second data group comprising a video data portion and an address portion;

(d) outputting the video data portion of the second data group on a video
output channel;

(e) repeating steps (c) and (d) with respect to subsequent data groups, wherein
the location in the memory for each subsequent data group is determined based at least on the
address portion of a previous data group; and

performing steps (c) to (¢) without additional DMA-initiating actions by the

data processing unit,

SUBSTITUTE SHEET (RULE 26)
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25. The nethod of claim 20 wherein the first

information includes a starting address. 26. The
worbttsadi@as cl ai m 20 wherein the first infornmat POWUS2005/016402

includes a starting address and a data length. 27. A

DMA transfer nethod for accessing video information

nggegﬂggaﬁfggﬁ?{ﬁéﬁﬂgﬁ%géhﬁ%mrgg@gﬁgg g%aﬁﬁagnnqmtogdhcr

constitieti fraimd of videp arci fidd opetdeor ned by a data processing
unit, the first data group conprising a video data

Ui teo Bat & BB OFPIBT,FHEBowin BaloceHah RERARED) o thefirst

data grbﬁﬁﬁlpﬁ*&waecﬁﬁ}%h@@af%%@céa&ﬂg Bpik.r om the menory from a
| ocation in the menory deferm ned based at |east on
the address data c onent of the first data group,
t he séfond Hﬁt@t@qﬁlmmﬁﬂr whénein the datd @oocdading mit isiad@PU, or
aDSP, %p %%Iéddr ess portion; (d) outputting the video data
ion-of the second data group on a vi deo out put
channel (e) repeating steps (c) and (d) with respect
to subsequent data groups, wherein the location in the
menory for each subsequent data group is determn ned
based at | east on the address portion of a previous
data group; and performng steps (c) to (e) wthout
additional DVMA-initiating actions by the data
processing unit, SUBSTI TUTE SHEET (RULE 26)wherein a
plurality of video portions obtained fromthe data
groups together constitute a frane of video or a field
of video. 28. The nethod of claim 27 wherein the
| ocation in nmenory of the first data group is provided
by the data processing unit. 29. The nethod of claim
27 wherein the data processing unit is a CPU, or a
DSP, or an ASIC. SUBSTI TUTE SHEET (RULE 26)
w
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