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- MEDI A STREAMS FI ELD OF THE | NVENTI ON [ 0001] The

WP aawAP220hvent i on rel ates generally to the fi ePQI/G$2005/022014
processing digital nedia data. Mire specifically, in

one enbodi nent, the invention relates to a nethod and
systemto processtREHHING DEGIEALMERA STREAMS
frequency domai ns. BACKGROUND OF THE | NVENTI ON [ 00021

In processing of digital nedia streans (e.g., digital

audio streans), it is found that there is a demand

f or FIElD OFJESE gNVANJAON hns: 1) Bl ock-Based (BB) ti

al gorithms, where bl ocks of audio data are accunul at ed

and then processed as a unit, and 2) Sanpl e-by-Sanpl e
(SS) quglmfﬁesemméhti%@@iﬁé§ E&i&%n} tHWSidd 2R PRI digital
a tine. Frequency domain or BB algorithns have the
advEstiglata Mereapedficallyninangembadiment,ghe bivention relsteg to a method

| on | N . nse. o FIR. filters . .may. be

r af et ©profSRuhe SigRERRRNN I it Fisul ied okt
algorithns are enabled, with a trade-off that bl ocks

of t e _ac gﬁlgﬁga 8efore processi ng can

beg+# 1 processing affords the’
advantg@Rs 10 hrot8sing Pidial 812aM stBshns Quer &gﬁﬁgi’auai%%treams), it is

substantial 'y instantaneous response t anges in
par &nnd ras thewhis ahlemandh faygwo dypes bfalgbrithinest 1) Block-Based (BB)

[ ' f I [ th .
par RS, Wpg e BlbgR nt e AR aEeri AR B ish aronessad as  uni
of & Z)&ﬁ@%bﬁﬁaﬁp%&ﬁfi)/al%brﬁﬁﬂiﬂs,f WERigh bR ess B8 dfa a sample at a
| oadi ng_and unl oadi ng .0 i fferent SS software

f
al gt Fregueney damainggr BB algerithms hame e advamipeasolgmeats
MO A b @dioRR ﬂ&lﬁlhﬁ(t, g'%'r’ chfg% ﬁﬁgg ?ﬁ%ﬂ?@Rﬁ%gggﬁ cﬁ‘%ﬁil{gir]ters may be

streamin response
ar trediiggbteabndFayph Bburier dras&irmoprdit TNSRed yigodimsareenabled, with a

or e eRar b i el Gude BF e e TragyPapatghepin. tus
t headglirgneRhcl. [BS proc@kingapPidRakdadvastaBESST viedy Bt 1BRhcy and

process the SS and BB al ?orithrrs i n"separate engines,
or ¥§theakhaad subsiantialy mstpotaneousgespensdoshauges ihparametary, which

por P e e B o JRRHEA RN o SN iele ohatBipgthe porameters
- | NMENErgNi] @adier] Tirdowratarhesd vf SSpiooessinpvgedtiyaimplifies the
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vi (i,?&emoﬁvhfch%nhﬁlgéealuicl@mwﬁ%g@cﬁ{ 89RO ects processing of an audio
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stream in response to real-time input.

{0003] Prior art Digital Signal Processing or DSP systems are designed to
.exclusively perform either as BB or SS processors, but not both simultaneously.
Accordingly, the standard prior art approach has been to either process the SS and
BB algomnthms in separate engines, or to convert the SS algorithms to BB aigorithms

~ and tolerate a latency and overhead penalty to the performance of the SS algorithms.

* SUMMARY OF THE INVENTION

[0004] In accordance with the invention, there is provided a digital processing

~ device and method to process media data (e.g., digital audio, video, or the like).




[ 0005] The invention extends to a machi ne-readabl e

medi um enbodyi ng a sequence of instructions that, when
EQaBQe(082208y a machi ne, cause the machine to CcRETASIH0F022014
any of the nethods described herein. [0006] O her

features of the present invention will be apparent

f r om d9051 dbe dnvsation erdends ok myshiaprgeadaldemedmmiembodying a
d WORNLP . f PT THE, .
Lo BRI e SR L. By o

of exypit eny ol thtimetods descabddcherdie. acconpanyi ng

di agr i.c draw ngs. |In the draw ngs, Figure shows
2 sondHUR) Sthraiitingy hs Rresent invealemsbbs ampagnt from the
Pr O£R8HPinyinDdtelhps bild B6MAKSANSFd el eﬁtﬁa’ﬁﬂw ent
of the ?n\yénti on, g1§or pr ocessi ng dgtap?in both tine
domai n and frequency domains in a single device;

Ml 98k D ESCPROR OF THE PRAWINGS a0r am of an

ex ; th the invention,

for pleods The nvention i€ aowi des@ibed, BYPl B dexs@pR! Rith &Férdnce to the
Figure 3 sho a schemati¢ fl ow di agram of an

ex IPHPRPIYME flagRmEaHe diapurgsy hthediByisgsi ne (TDI SR),

al so i n @egAl ﬁ%%_a@cﬁéhitﬂ?oh%doﬁ\r’(ggrérﬁ gaﬁ: Eﬁ#{é}g%ré éi? @lr/]‘%rocessor

a schematic flow diagramo ound and
pr ovedidé, iy agvordance with eneapbadtiyent afitheinveitignafor processing data in

prqcessor (DSP): Figure 5 shows a _.schematic bl ock

di %é’?'éﬁ?‘%f’g%‘@{‘é‘rﬁfﬁgﬂﬂ 2105 i { SIRELS ARy dance wi t h
the i nveriguY sholwg 4lsehdn A w digMedt afl @kathplaBf méthsd, in
exenpl ary DSP of Figure 5; Figure 7 shows a schematic

f | Greddaige avihohe inyeationyfir procepyng émademaia or sgmple-by-sample
perd,prm ng foreground routines or processing;, Figure 8
shows’a schematic flow di agram of an exenpl ary

i nt er actRigure Jshbws arscleampic dloloydisgnal of aaegderbplagKEibe Irahain

functional ity usi cqnmon or _share nemmnr. Figure
9 Qﬂfmmgé@E‘ﬁﬁw_ﬁ{fﬂlﬁi)ﬂmw%{ﬂ@&ﬁvg By BpySNtigny

di gi t al HEOeesHoRE a sSHETRE R tﬁhgﬁwf%&gﬂoﬁn@mae &nd
W th one enbodi nent of the invention, including a DSP

no PIPEssing withioragexemplant digitdl signphpracdseon (DEPur e 10

ot g PR s Q8 BRR B anklr S B

W tabcoadaneaiodidt theinvertfont he i nvention, for routing
a1 Ll (et 0 Bt BufhePd PSS S FReare

Figure 7 shows a schematic flow diagram of an exemplary basic method for
'perfonning foreground routines or processing;

_ Figure 8 shows a schematic flow diagram of an exemplary interaction
between sample-by-sample and block-based functionality using a common or shared
memory,

Figure 9 shows a schematic flow diagram of an exemplary digital processing
system or subsystem, in accordance with one embodiment of the invention,
including a DSP module in accordance with the invention;
| Figure 10 shows a schematic block diagram of an exemplary routing

_' controller or host interface, in accordance with an embodiment of the invention, for

routing digital data in the digital processing system of Figure 9; and
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WD 2006/ 002209 PCT/ US2005/ 022014 Figure 11 shows a
schemati ¢ bl ock di agram of exenplary interconnectivity
WeiRed4220he exenpl ary host interface between aPATAUB05/022014
DSP of Figure 5 and 6. DETAILED DESCRI PTI (]\I [0008] A

t hod t '
H‘SSC?. o B e T o P aRe b Bl B e insbmectiviy

O%PTesn thel qmmpimmhm uerfyoe bétiveen dﬁi tae mpadfqng@.te 5 and 6.
forth in order to provide a thorough understandi ng of
the present invention. It will be evident, however,

to one skilled in the art that the present invention

may AIPERJDESERIRFIONOUt these specific details.

Furth | t hough the invention is described by way

of exgh‘?)?ﬂ f’&ﬂ@ﬂ*ﬂ?‘éﬂ@ revigetonsogepndistialimeylimdata,ds descrbed. tin the
sho@i ARtSskidnh I be use

pr oces;k,lgg Céqrdl %’ tna%rgawage(sl %5] %‘1’&2493“\/“ 50165a§*’3?1f‘:%eta‘15 are set
f

[ OO h ipe f¢ prgvide afhayoegh Mfm%m?mmdma?hﬁnv&glon It will
en ure of a digital signa
pr oFE Bitoh, (”%%}fs)gglng"a‘?ﬂeéi‘ﬁﬁﬁf“f P At dbad ﬂ&wssﬁ%hﬁwpnnongmay be

pr epecticed avitholf thest Pe@GE AN FuRAY, b
or ocessi n e By- Samml e ( S‘SJ) mﬁggtﬂaéﬁ(/entmn is described

pr oDe¥ay \Vtﬂh Frfcrenggdo Btos@ﬂsmsamé@ daBBjt should be noted that
fregy ﬁﬂ’éb{h(qprﬂﬁj/ Be us%ldg@f)llotc&%ney %Eﬁ%ﬁaﬁﬁ@@é% S Hga)

engi ne. The processing en

i ncl um{m@l Betehangtd- Fmﬂyrdfﬂblﬁfefrﬁﬁ%raZQO(g‘éﬁ&alﬂ fdicates)

for rgﬂg(#ol en SS a{)]d BB donal ns. For

ex arrp g, g 4’&&/3 SEEnH TcEssop Y WReRodh Bthag in preembottiment
doraesent k.onHE ﬁ@g{%ﬁil%&lﬁﬁ’oﬁﬁ%tQ‘Oﬁ%og&s Hg ré‘?a{ngf’enﬁir §amp1e (SS)

processi ng engi ne 28 different e
pr &€ é‘%é@”@&n P‘l‘?éeSEJE)B algprifhans, bl Blook-Bisat (HR?SEé'ﬁquency domain

bet f ffect neS
the "o begon . el HEA982 Bifk, i Bracfing S Reuneh ose 22
ami@ng tgmpahmetery intrfacked (see Figabe 8)foe P&sE dABMRtween SS
%guqtted fgr t he sake of cl arltg A person
o il B8 dopifhel Pl 3ol 8 79y by Prasedbetwipen b Eerdhataeity
nbodi. ,
R et o PR M R o

t ﬁg’e(a%mog@sgd by the HSEA2rwdn (baﬂldke;d ort faesddibeBreen different
Th be.part. of a Per sonal
OOEE"S%%F‘% el e. St PSR e 223bam i Figper 1, various
Pestgmxhal cdbyineats nﬁﬂ&deﬂﬁﬂmch @RRAine BB)d BleR brlitdERP AR Sake of
an Rt her aglﬁar atus or _ device for gr ocessli ng
di GRed Aigton SEHeh e attoyit ety sientfsesbe stapdod 09morents that
exl&%mdb@éd/mﬂft%' @k hiofineh) gleltﬁﬁ d{ﬁmﬁg c‘%gbase(ﬁéa prys part of

st andar d progranmm ng no aving |
Pr@gﬁrsgmg ﬁgvx(:@as)l s@Odaant of thalikel Thig ke RSB 2oduR 20

pr 5P Dol G 09 Sl B et

_ nddmuuhawbngn Assvaaryl (PBAY Qe t§l‘éﬁl§oxﬁ?&cﬁg o?l?er 9ppar£t[?§or

ose registers 30) and
cg f?rp "pqsﬂe& g{g?tﬁl Regdia such)as audio and/or video.

[0010] The exemplary architecture of the DSP 22 may combine a standard DSP
programming model having local general purpdse registers (GPRs) 3G and X and Y
memory 32. In one embodiment, parallel address generation is provided together
with a sample-by-sample programming model having a very large register space
(e.g., the general purpose registers 30) and buffers (e.g., sample rate locked pmg—

pong buffers 34 - see Figure 1) for the passing of data between other audio
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pong buffers 34 - see Figure 1) for the passing of

data between other audio 3 WO 2006/ 002209

WORNBRDS/ 022014 processi ng engi nes (whi ch mMagTS2005/022014
sanpl e-1 ocked). The BB and SS environnents nmay be

l'inked together by an interrupt (e.g., a |owlatency
sanproasessigengigekehich maebe ssmpl@Bicked)aThe\BRandBE eresronments

=PRI B OB SR B

sanpitaruph86) thackadhrénites thiegwitching of thoeRAIpMre darle date locked
] e-| och ti nebase@rrrlg?}gl e 38. I n one enbodi nent,

¢ hePiBEPoRs butters 34 d8 ops empesimen’, o ramalarafiasied ingmun 36 is
t hegdnetdarsy a%anaﬂé,wcm&%a;agénfaau@ 3% AR ﬂ‘éb&g%&,h ﬂ% DSP 22,

or circuit. anpl e-1 ocked tinebase no
th etm@ﬂmeledodwd Wba&ehumlub@ﬁ hé frediuigrad4 4l integrated on a single

cir P 22.a 0011 |
cxcousrLife &b TR sont e Raf peles® Buls s S s 4 may
of thusbé inpdgeatedivitiarcerchitly of tHeaD$B 22 @s Sich.
reverberation, echo, chorusing, graphic equalization,

spat i 444 dn gup exemplaﬁ%emb%ywms sigripnesas, dypamicsiigpation of

th P@gg P I nterl eaved efffbgscgg gﬁgﬁ%ﬁﬁ‘%@)ﬁ ure (%JPH? ﬁéapBg;P
22. eq-ﬁ@hzmampht@hzm oD®P likh) is pcovided ip QSBQSS M@MONY efvéronment

d f SS ,
out AEGk Bl Mo B et inieP Bt Prorseoh abecush i he DSP
40 24 \Woi &lanipiy efth DISE{hddadWhBpdIAES b Bfighk @P&&il&f@d‘:ﬁ‘g@reglster

for BB processi ng)b or through sanple-rate |ocked

pl Nt FBRS mheRerERg buucancammumcatsceithapibeenshrthoshared mengory 40
> P ARy SRR Wh P Ring ERAMe astl 3 192G RSIR] B R n

recelt vin
I odaﬂqblaimtdod(diipﬂtg—pmigfhuﬁkrs(ﬂﬁethathn@dﬁk happd aiith elie /O spaces of

Ito ? g ﬁlaaf 4} ext E@’ttﬁ@ I ey%gg elggf%iévfj%lg%recelvmg

au ddaﬁlpleb%éﬁa Iéa(e@ rs;iai% em{& to/FoRt HRC@rAl 1& MYthQthi€sd fo/from
Each i ndi vi dual interleaved thread may be interrupted

by exftranal sprapledele lepkedhpipoessimgleaginas eutside HsdD 22 ¢.gupia an audio

SO0Wis92 .Q)? a %N{ﬁgﬁgﬁade%tr %Br‘itﬂﬁfrer §4§ ) Egc(?lrmélwlﬁlgf %Hz?l%avé %'uead may

processi ng.
i nttegntetreptedby thesamb & vbBRer2 sanﬂlebeteﬂmkﬁ&ﬁlteﬁm smhee (e.g., the

o ABEBER S B Pai<Lh 2 S PERSATIAE B Pisreision sseirpnment 40

| NRk4yEheARRgRAWIRIR (1 FSID) 8nd B ﬁa%ﬁ@ ke tHRIDEPRILRX face.
or mux % control the ping-pong buffers 34 | ocat

bet we i 12hia caggmbodiment theping-poeg BERre34 a@@ionbiatbutfmegi on

0l PR e AN D P ARG T et

I'Ven erio
| n w ﬁeﬁ&tlocfﬁedrhdtwwﬁﬂbuwcﬁ@Bm Ardl the DSPEN, so that only

buf f er t e, DSP.22 and the audi o bus 42 is not
perif 8kt qﬁ '329% &?@H@e 'ﬁ)‘o‘{]?d“as Begereios: gyen Yyifer én gaen

_ 3:stfnt%glle' perib® Qﬁ?dcé!ﬂdf}%ly? n §1?€‘thlrﬂerﬁ,e§9{nhftmm sk&o Qgiven

uffer by both the DSP 22 and the audio bus 42 is not permissible. In the ping-pong
buffers 34, while one buffer is receiving or sending a new transmission of digital
data, the other buffer holds a previous transmission of data that is being operated on.
[0013] The exemplary DSP module 22 of Figure 1 may be a thread-interleaved
_DSP that includes a nested interrupt controller 46 that receives the sample-rate

locked interrupt 36 (sample-locked interrupt notifications) from the sample-locked
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data, the other buffer holds a previous transm ssion

of data that is being operated on. 100131 The
Woe/@20IDSP nodul e 22 of Figure 1 may be a PCT/US2005/022014
thread-interl eaved DSP that includes a nested

|nterrupt controller 46 that receives the sanple-rate
| oc Regbasamaduisl8, shichgn in és sypelirerizedfee:rvipe sample clock

20 A B AL o S gy

whi The DRP28rinalss ceuphuito olid saapleCatedockedipin@p@yhuffers 34 and, in
clock . reference tot e sanple.rate of the exenpl ar
sanpiticd nle%t nejisabps bufleras andgo sis Sgraplgmghronous

coughtget tufct 5§ TFﬁéTﬂbﬁt' zfn@%ﬁtdu@ﬁ@s 78,750 ROPAg YRS ﬁﬁﬁ;erg’ﬂnat

and, In particular, to its sanple- synchronous nput

b uf swaitchagnehwanausly with the afiremenyioned saenle locked intarrupti36. e One
R AT
af oPathigp52, (Sﬂeﬂhlslaﬂiﬁy be fead kmﬂwht’téleﬂﬁm aBd/O fAgiter MaPeS6 of the

22 BREdaniihe pBeDdiect ssak pngiposs bullr AeRis vispleso hesample-
andsymm)h&ﬁ ahhfo%mmzl thfdueR WikdiFlaniphR ?ﬁéhr‘afloﬁshﬁta d2Be

22. "The ot her side of each plng-pon fer 48

Vi slPﬂ@F@ hetveandhe BEB Iaad O&thmdrmmwsmgblwksjan modwes (4%,, ina
thrgﬂgfl \{@I ch sanpl e-synchronous data can be passed

be tvveen}i &€ DSP and ot her audi o processing bl ocks or

modul ¢801dE Iigone énibalimdfitIhe 6ébtddl) intehPfdcbhirbNeraiBllows sample-
enbodlnent t he nested |nterruE controller 46 all ows

santSFked iptSERRI t9 Piezamnt gRx other ipieuptsor forpgromndyctivity of a DSP

| Nt @ifdal Bﬁ@cz&fse th%rmr ?}'Qden?éfta'ﬂfngbdﬁflalﬁIrﬁ)%ﬁlpt%t]&%ﬁﬁiné’ﬁ%lsm
cause the to enter a Tinme-Donmaln terr

Su bdumglwl&cf( Sfbt)@léyssmgus; pertprmiad.c ThePreznptiesn shargctersstlc of the

o BRI conb T BloTE PO RS 1 bt Respravit

Su tgtﬂtﬁnteﬁ& R mih OMeRept GuRyad Eﬁfhd)smfhkéﬂdm%ﬂ&;@ﬁx{pﬂ@ta 4-thread
Iatency t.o each DSP t hread. For exanple, a 4-thread

pi paPsling-intetleaved RSE arebdfoctires Whickpriides Ve low mipdivie dasency to
verééclh aeddl pal bﬁk%nl[ maﬁﬂfgxnmnum&@m{,m Gtk & Lo WPRha PRt ifble,

hat this maximumIlatency I's quite
pr dipicalbiregyiring 9f5l| theend wstmc}mnrqydgs 3-4 t hr ead

gener s Refeat Bumiial ATdemg 7 it cxpplary method, in

ac cRrestdaee withithe ifventidiy ﬁﬁtph'&ﬁssﬁgi’tim@ BE6EH D B plEBH-sample
domai n_or sanple-b -sarrpl e data. The nethod 70 may be

rdaéﬁr Fhegmgthog 783%%&6&9#@%%@@%@@4 wutinethatis gxqcpted in
ﬁ?c th%n "i’tﬂelgﬁﬁt &85 T&Eg,r%ﬁn@gﬁﬂﬁf %[s%ﬂ&?ﬁ Egﬂgybfb% opfation 72,

at deci si oper at
rm rthtt mlethodﬁﬁ mcm:torsrwlmnranpnte(rethe g., tHesamphgploekdddntdeadpt 36)

i nterru occ so, the od 70
pr Sehusgn %’p sttt Rirostsds o finsatgpe J@h%lagﬁrmvt 36 may
preempt all other DSP interrupts and foreground activity of any DSP thread (see

operation 74). Thereafter, the method 70 causes the DSP to enter the Time-Domain
Interrupt Subroutine for the particular thread as shown at operation 76.

[0016] The functionality executed in the Time-Domain Interrupt Subroutine may
differ from effect to effect and each DSP 22 may include a plurality of different
subroutines each one of which is dedicated to a different effect. For example, a

Time-Domain Interrupt Subroutine may be provided for echo, a different Time-
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preenpt all other DSP interrupts and foreground

activity of any DSP thread (see operation 74).
wbenezformp, the nmet hod 70 causes the DSP to enpermubineso22014
Ti me-Domai n I nterrupt Subroutine for the particular
thread as shown at operation 76. [0016] The

f unBeimsielntergupeSietmoutend nay hemﬁdedefommeraltmnsmﬂuppn Each

Sub ri%%;tt mrée hav ?edgcéieg%rsp%%l%mgo?e gsfglsaﬁrf ](ng gﬁqeral purpose rcrélstcrs-
su bB@)Lﬁ)t ﬁ@ﬁes@ﬁ:@hh@ﬂ'ﬁ:c@ﬁ{emmﬁﬁl to deciesi (ﬁﬁbﬂﬁntn it the absence of an
ect. For exanple, a_ Time-Do

di fferent

| nt BYSTTHpE 3 édg? gthof d0 My ce@lrﬁwdvr%@beﬁfewg&wé actjvity as shown in
di f&g‘é‘rﬁ{gn 78 me 5 WD 2006/ 002209 PCT/ US2005/ 022014

Domal n I nterrupt Subroutine maybe provided for

r ever {60 Ex iBxempanyl ﬁmotimlity&d@ﬂ‘imeﬂ)amain lfmyrrll;a\i:‘exbroutine is shown

oo OB DB RS G G PbRbSE o8 o O RThottation
Ret oG sh@plhs Ghasibe ReAdlIRind tpaibutfer 48 mﬁ@ﬁlc&a&@mp&fmay be
an |nterrup 36, the nethod 70 may continue with

ot hespd farcagf mstﬁ'@m being preessss olprprieembedisnent. thsapgple data in
[ Ooﬂ'@au@é% 13:59' %teh %@ﬁéffe‘:y arlfaf %ogdd@y,gﬂ%rﬂpslﬁ 8\3,\‘,% may be

I nterrupt rou |ne
i n epeéfratm tha irfp0f buffew 8 ipercefiect. Ahereaftérnthe samiple data is processed

notification, i sanpl es dfromln

bt btE riceion oG R eV ook o lotations
audinQhe DSP 2N (RRI JPeraRbP 8BS TRSblo iR alfitated THASeRBAtionk Hﬁy require
sanple data in the audio buffer 48 is arranged pe

ef fRtava fad resweoe wilivgdly In eangembadineant, daesy lage (ﬂ@waﬂe 4600+)
fr %‘gits{%? aéa@@ W th% ‘ﬁsfpeiz n%%y ﬁgﬁe tﬁfsfcﬁ&c ted Q 5&%}1 oF reg{ Ee%‘
sanpfe d ? A

rocesse |on code
r ef moseibleeAs mmitmmﬂwbb{’q thad hbﬁﬁk—ad]obﬂe@t@ﬁst&rﬂgctmb&s may be

b1 AATSE i stlet]- D (e dite Fale RBvRCCR el (e praggssed sample

savig tidvriRite "ti?e é?x‘dﬁfdi@ﬁlﬁ buffé VR sREPR I Gﬂ‘é%t:on%ﬂﬁ "lil be
| arge (typl caI % 1000+) regqgister space in the

mayepgegeiatad saapdeifon banelerby-oample preggsyngmsy also be
P OSI%J:«?L(% qr i a erttgﬁl E)dtth(RXE bongtroqlep 48 %e%l*d%c?ofn?rgll%réft may

regis I ONS R arranged per e
t hanttaface thaHPenbdite me&rhoprmaﬁsgﬁd a pefsenglroofpame dr the like. It is

2 TEGuue G oe gpereaeien o she et $1 e Db Bpbeslir 4 n Baps?

; dabduls 8R! dpiibRA1 2S@ TRl 2P YarSAETth Sy, BY QRASIIAY, 8K 18 & dio bus
be received fromand witten to tthe DVA control |l er

44 42The DVA controller 44 may interface the DSP

nodul io hos er so a C ter.or the
o, FCEE) oA . ol DGR g G fin's 4
I Ndhugsiuprseplicd rbetlﬂ\ﬂﬂam@ Billed loh€d pet 4athpletpefio®ait isesighed to

20 is optional and_ that data sanples nmay be sourced
on|t%yoqels§)ﬂqet pWiogannle Wi gachgudio channel per inferrupt. For example, the

 sample rate may be 48K Hz although it will be appreciated that other sample rates
are possible and, accordingly, the Time-Doﬁlain Interrupt Subroutine may thus be
executed 48000 times per second. In one embodiment, to allow a guaranteed
minimum number of DSP thread instructions to execute per sample period, the
Time-Domain Interrupt Subroutine, in addition to the aforementioned guaranteed
maximum interrupt latency, has the additional quality that it is the highest priority

interrupt and cannot be preempted by any other interrupt. In one embodiment, the
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(0018] In one enbodi nent, the Tinme-Domain |Interrupt
Subroutine is an interrupt service routine that is
Ealpesdosnee per sanple period and i s desi gned RPGI/US2005/022014
process one audi o sanple for each audi o channel per
interrupt, For exanple. the sanple rate may be 48K Hz

al tRSGYAL 3& is\gepgrated upmeeaiptf @ sampletfonedsh pudig optiata channel

cat . . N _ . ) :
| o] STl 42 heooRRERL OBy of i srBBS GRY Richyse 22
permaebosychrbmizedwith tragimmnticatibo oatropoa of 8ats sambedhn the

m niugu nygoer of DSP thread instructions to execute
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smalier than the number of remaining hardware stack locations available when the
stack near-full trap is asserted. In one embodiment, the nature of the Time-Domain
Interrupt Subroutine code, which may emphasize instantaneous switching between
dedicated register sets each processing one sample at a time, may be consistent with
not requiring program counter stack space. The staék level that may trigger a stack

near-full trap may be made adjustable by software (e.g., a software instruction) to
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size the menory buffer allows. In one enbodi ment, only
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generate the Time-Domain Interrupt 36. In one
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S alapel s%fn% enggzerllir()g ?\%H iehis t(?lie %pﬁear‘ lﬁmite forbH\Se Ié‘rnzgtl?gy the Time-Domain
Interrupt Subroutine), without regard to the pésition of the instruction within the
Time-Domain Interrupt Subroutine that is accessing the buffer 48. Similarly, the
DSP 22 may write to the output buffer 50 at any time within the Time-Domain
interrupt Subroutine. In a DSP system using a multi-thread interleaved DSP, the

-'sample-synchronous buffers 48, 50 may have global visibility to all threads.
[0023] The sample-synchronous audio bus input and output buffers 48, 50 in one

| exemplary embodiment may have a large number of locations, e.g., 256 or 512
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which may remove crackles in an audio stream or enhance certain sub-bands of an
audio spectrum.

[0026] When block-based processing on a unit or block of samples is required,
_ individual samples may be sequentially received via the audio bus 42 and stored in
memory of the DSP 22. When all data samples comprising the block or unit have

- been received, the block of data samples may be processed. For example, a time

domain DSP thread may read individual samples from the audio bus 42 and write the
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}3 tatqu reglster array 110, and the Y-GPRAM 112 may be arranged per DSP

~ thread and sample data is fed into an operand select mux 114 in a sample-by-sample
fashion. The operand select mux 114 feeds a dual-path pipelined FPU/integer unit
/ALU 116 that performs math and logical operations which, in tumn, feeds circuitry
- 118 provided for result write back and forwarding. Processed samples are then

written to register files and RAMs in the sample synchronous audio buffer 50 via the
/O data path 54.
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i ncl ude X-coefficient RAM 100 and X-data nenory 102.
wiokmwod/@e209t he X and Y nenory 32 may include Y- pCT/us2005/022014
coefficient RAM 104 and Y-data nmenory 106. For

exanpl e, the X-coefficient RAM 100 and the

Y- coeflp928] éfddrwmafmmﬁyo pre @Andsiaddo wiedaSRioehttoh enit 88, the

be. Byl EiHlola’ 4B Ifgval (R TS TREP SR BrniER bo B R dretso
or shnmeeed migféiiay :maﬁiv&ymﬁthﬁﬁbﬁ Rfeynoa 04 (e, ifQTEILE frequency
engi nes 2 rocess frequency _ domain threads and

ti nhdf8ne ?f“i“ﬂla 26 ms}gpd to vanqus fengtipnalurts peyeffigzts processors)
shagaflo WRH) bys 96! Iﬁ'a'd@%n i ﬁ@%b&ﬁm@ﬁﬁﬁe B@P%ﬁ@&%ﬁ 88 is

sanpl e data to each e genera
r egéonmnested ®Che PMA qentb(ﬁ@ef% pzd senpphgre sglmwllz&(- B?mybf

108 |ste array 110, and
geralPiE e Dol BYT b o ¥ 1ol pibkesia ey une
enmbadhedin 130 h@:ﬁm&ﬂ%ﬁ&ucﬁaﬂd acddé it or bl 3L %n% &and
256 32 blts %tsfromthe X- GPRAM 108, t he ,

Y, Sklection eantiol wrjt | Siadrarich spntes) unit 3G cponersTont mORANIt 138, a

e T I F S Y —_

regﬂt@kelﬂilarray 110, and the Y-GPRAM 112 may be

o oo AR B R0
f ashidioftes Meﬁ@ﬁ{rﬁﬂﬁt}ﬁ)@ ﬁ%c&ﬂéﬁc@ wthiteeRSedtiodUR) pB3Sithing
pi pel i ned FPU inte unit |ALU 116 that perforns

matfRregrung gytings o ?fzmabfﬁsn thsiRIP 23. iTheunethod b&limay first, as
C' rshbby 'éyo e}aé) nA59 VdH gagtof(fé erﬁlﬁi%%ﬁe{l}‘gf b Sotl?ﬁ%: g@ﬂ{qlgfer 48 is

f orwar roces’se Sarrp es are
r egﬁl@ﬁewlth‘ nevedatafool pRAREsingy If g tikanghel 530aky thon gst a pointer to
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the audio bus 42.

[0030] Referring in particular to Figure 8, reference numeral 160 shows
exemplary interaction between a foreground routine 162 and a background routine
164 (see also Figure 4). As mentioned above, the exemplary background routine is

- entered when an interrupt 36 occurs. As shown at operation 166, input sample data
1s read into the general purpose registers 30 and, in one embodiment, the general

purpose registers 30 are allocated per effect. Accordingly, each effect that the DSP
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stack 142. [0029] Referring in particular to Figure 7,
reference nuneral 150 generally indicates an
WokH/2309et hod, i n accordance with the i nvenPCDOS2605/022014
for performng foreground routines or functionality
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Tou me see arrow

['74). As shown at operation 186, a buffer dispatch routine may
read the shared memory (e.g., the X and Y RAM 32) and, for example, circular
buffers may write the data samples to the general purpose registers 30, As shown at
decision operation 188, if the end of the buffer has not been reached, then tﬁe data
transfer routine may return to the background subroutine 164. If, however, the end
of the buffer has been reached, then an end of buffer situation may be processed in

an appropriate way for a given DSP architecture (see operation 190). Thereafier, the
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[0031] However, as described above, data sanples may

be passed between the background routine 164 and the
wonrewrugeeee routine 162. In particular, data sanpi/Bs005/022014
may be transferred fron1sanp|e by- sanpl e processing to

bIo k- based roce S thr a neral |y, i ndi cat ed
y Eorpeapnirgtting l@m@gbc fed o thshackerrupd pertine 164 may take

traaﬁ&ghﬁ@gaéﬁgn1block based threads to

sanpl e- by- sanpl e processi ng processing threads as

gener 40034] iAnkxeapbay byplemetaticivef, th DOB 2jodRlet Lrim vt ip Figure
the tatr nsf roms a

t i 2R pBrich R 3 Blensd S SR R0 GshYa T MRicHint & schemrbfi BAEE Giagram
r ecef axmkeﬁ]pmay aﬂgﬂalq;wdfeeg]ﬁya@lncenﬁ UbdondunddwitR AR ashebithé present
col ] ectjon _routine ead the general pur pose

r egityertion. Ibe dgyige %Qﬁ)gs Sb%n taingludepplueadity of nrn@qsanng modules,
reg

o Shah89,% b Qe AN SENE (D) ARG 29 ol lile 289, a sample
enbeat ammmerl(&%Cbmbﬂwde Zomawﬁltﬂr nzodoler2®6] and douixeemodule 208. The
Ther eaf t S at,.deci sj.on operati 17

ot el e oy & i SF wih SRRl PRy fpdite pl s an
beesudiemenss) edidport nod@le 24 Beridaheduldsansizes | f Qb hitétonnected
may return to the background routine as shown by |ine

180serialip e ralata path Jl whigh issreapgediin agingreaniigiratig@pwherein data is

oLty A5 RRRE o oty S 0By SOl o Bsin

shomndwé. Unhler @niventich8Udigitdl eratassing deaivsd, dhie devicei20@ inray
return to the hack rou d routi ne 31 In a

L A dbes e arpaR Bl pabh ik, 20021 6 Coftpgpicate data
bl ogith BasétHer AOANE 22, POB-21 0 coMERIR tDMhe AaEARah ALY UbIHBE in
may be acconﬁﬁéshed using the transfer routine (see

ar rIBWeﬁPiﬁ) dmenmerabodimentafitniny@gionghedfte path 212 is time

| BBl AR G R S TR dion o

bufYetweenrtay vastout enckihles 82t 2025HGp Imﬂhérplt iste bgappeahted, that the

aho s Bo2 0l Gu ety sRrananzonli sE ateg Roraes Cvit he

t h e dfakiag p }dc@ﬁﬁfgedagmuﬁés@ EraBY idchided 'Ih e d&hee %00 and/or

- background subroutine 1 , however, the end

t heanone er mpgesofisemoddasmeyibe remayed ands fiet esamplef tfunctionality
Si t. din an appropriate way for
luaha&gggﬁg ra%ﬁ t?l 8&&1@

a given ure (see operation 190).

Ther e {B8&) Thﬂstlm onk2mbodahéb,/ dﬁ@%ﬂ@ ef REHoIH2P 23/ 202 2] V4nay
ine 162 may be eX|

foreground rout ed apd the
o REGNGS iR 1oy 589 ORiyre itee o b bles Poe 20252 Gander
[ OQ,%ﬂ&om a%&mgl &hﬁonérphafmhgﬂy' &fa G&ng R cddsta BIRAL Lifital
i's shown in Figure . Inparticular, reference
n u rmm@lsmmvg@r?&oanaysbq ﬂﬂﬂiﬂ&t@ge@)mmmﬁfmmbmﬁ;ﬂ@s 22, 202-
di xe tal essin evi ce d
ac %p%ﬁ% ggedv\ln)%{}w? raeﬁ{}%s%reté tpre%(% ermmg§ fnways 4390 He\Caseof
conventional devices. It will be appreciated that a module 22, 202-210 may also
communicate data back to itself via an audio bus 214. Accordingly, repeated
processing may be performed on the data by the same processing module. The
| processing module 22, 202-210 that provides the data to the data path 212 may be
- viewed as a source processing module, and the particular processing module 22,
- 202-210 that is to process the data may be viewed as a target or destination

processing module. As a processing module 22, 202-210 may return processed data
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i nvention. The device 200 is shown to include a

plurality of processing nodules, nanely, a digital
wognalooproocessi ng (DSP) nodul e 22, a del ay nodedevgH85/022014
a sanple rate converter (SRC) nodule 204, a filter

nodul e 206, and a m xer nodul e 208. The device 200

fur tohimelfi inging aesleaf dpgatial a prodéssing mmdile@2; PoR-2 [0 @) define both

d 8.
ToteSaitQaftdesABaishit T esEd Pt SARE RiriyPRett, fhe i module
Vi a2@6 gay forfed Easdabidd Witk Cdrangernént aH@RA s duitpt b P cessed data may
configuration wherein data iIs. sequentially

conhttfing Backde fselffos fyrthsn erasessnggsionty bﬁ!ﬂﬂﬂeét togngihgr processing
ot hghaRE99 _$p nodule. Unlike conventional digital
processi ng’ devices, the device 200 in accordance to

t he i 0e3e] ilhe aadioonmncea@lanmduﬁc&iuﬂﬂlmﬂuﬂikﬂcdm via a bus 220

conMiB B EgRE ek 22, S0 ae e ey FsaparToT shppar

det gdrhpiliét dRWice (for eXfn R peisoRID Eorﬁf)uth’ftﬁ PQ)Y e0bAOEmbddiifent, the
data path 212 is tinme division rrultlg) exed wherein a

ro utﬂF‘fﬁ&'C% seduls| 222 inchsdes pbridse HimanditeaPiCoaX bis intgrfaces 226 that
bet yee 0
e R U6 Y00 S P B e O BROTBUHET e 210

ar emap reekbiye axggifal ardjo mpdtdrdpravide digital I’aadxormebﬂt asan output

| e TR oA AR SO ERPBIes Rymghlss 6. BT oeA10 and

t heagygodul es may be renoved and, for exanple, its
functionality included within ané ot her nodul e.

[ 003510013'Hb Jhe data path ?elﬁtsxf therdenice 286 {nchydes mmedheiatﬂmm imghe
f-f)ﬁ,gl %o%nrw 1 a%& p%@&grf%afo‘%u 9 Iffl EWhI rIre!sB?ndg in this

er rmule

r o udningliaittts tlel data bAGRGH Figigt 1), afldb prdaessn@ d@h@@lgﬁaﬁﬂ the
by the pg’ségl tal _ processi ng device 200 nay be fle
¢ oUPERIEY YT A TRER AP ons smbogsient Pthihe awh%aus 214

be plihé pabhbet 6% il% abd gg&s H ki &ff\ﬁgﬁ\%b{&l Ahelefh dablfis

case of ~conventional devi _ appr eci at ed
t hactonanwn@mcleb@;elﬂhe vaiia)lsmagcemrwmdmmmm 202 E0 theat time

r ep(gglisg‘)& Int“%ﬁ é%/ds h Iﬁ%dl @ "B%!)? é}g& %ﬁ‘l?az q)é:nsggqlegtl%lgy received

th @ﬁammle@mmummib tpuilhdfer A8 as@RAIiNg thODSP 22 Akewise,
202-210 that provides the data to the data path 212

meyPTREFSSafsamBly dida mexbrpiautgre Besanpl ermr@wua Awudip gatput
parﬂdff‘e%@!o e 468 Bub9 mg 'sﬁmgz 1ocké@aimebdle ddlile' 38 h& monitor
processt e aarra eV|evve asatar et or
desthé audio bus 2 kﬁamiemmm s mbetnipe 36 Agoradqmuoeﬁw adulhiodp o€data

AR TN IER T R JEER —

of leggéddlbRythad apdio ®es 214)dudiv deladnaddbe réftdd BéteBRinodules without
define both the source and destination processin

modefuringthgslatatg be souiprhtheoughgeentrl hub (g dthe HSP 22) Hn certain
embodiments, the device 200 includes a transport bus 215 which interfaces an

external computer via the audio memory transport module 218 to the processing
modules 22, 208-210.
[0038] In order to control the routing of data on the data path 212 (including, for
- example, the audio bus 214, the parameter bus 216 and the transport bus 215) the
' | &evice 200, in certain embodiments, includes a host interface or routing controtler

230 (see Figure 10) which controls the routing of data along the data path 212. Tn
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206 may form a cascaded filter arrangenent where its

out put or processed data nay be sent back to itself
Wor200a002t08r processing prior to being sent to pODURE0S5022014
processing nodule 22, 202-210. [0036] The audio

menory transport nodul e 218 communi cates via a bus 220

wi t Parbipulpn, aegangeadly padicdted xefesgnce Rumexst 28 impiecsmbpdiment the

f [ f
Al 455l RN 408 LR 2
i nt 203-2bkarmidi 8lvea 24P séloa llineke36aank el digss, dizde éndl shdvrite enable

2285 8 BATERP BRI 28 1§84 3HECormRBhigrgt dh 9 fpost

MDA & fadd Br rolBNg EGRANNE2 5D Wi fHall Bhta 3HE b&knlo e BREL 240. n one
provide digital audio output to an output dévice. The

dat embediment] the seytingl doptrpliar 23 defines ndosthinterfach thatis@oa full
2022 202- 8, 371 . ata path 212 of th
202 A A AR ok P B Ry Bl 22,

ex epqHl-21y/arfd@18od theadevive @00. Batexapplehtherowtiig conbolter 23¢ may
(whi ch correqunds in this B enbodi nent to,the data bus

42 gmemiqrehap sglecthat isheld ative untilpnaskeevgpdgssignal 1§ regiyed from

exeplianon froeaiRg nddRRMIMBILS1 04 238610 bk SModiment, the routi
emrbodi mE‘ntér botlhéthe audi o bus 214 "and the pa?g?%t er e

buscant®lienZ30aleecriey b rmost aignificgnt bite bF g bosihildnessndy ipiresponse

S e, SRR S8 S BRI BB R 2, 0

f ashicothd 248 B¢ mgdvle 23,0018 04ad 31 $BMy DB P detat thdlrbitaining
recei ved by the saml e-synchronous audi o | nput buffer

48 apil sisaticpntbits of heigsts agdressithat grestignifigang thesahy do identify the
sa . far ] < hronous
e B P P B 2 e B Y

sanpl ¢0039¢ keahetammmidanent wb thelievedBonyelye DB inadule 22hie interfaced to
audio_bus 21 d tput. its, interrupt up

et Er e Rt TRY 2 PPb  FbioR at ot B ot e 20 bgpccess o
r eadgisfetyBnt Rghdatflic@edsinindty (IRAM) PrdvidASintehéh Mahé MbSules 22,
~nmodul es are |ocated along the audio bus 214, audio

datZ02ndly a9d 21 @y inepprisedagewsshawa in Bigusg 1hdhe DSP eepduleiZ3gnay

th .

i 4 L LA 280550 Sl 5y s B 20
i ncckinkesledget linen 248 vritb esatiPd Bneal2i56,hn eqgteat fimec2s2 @and a chip select

t | t ia th ' t _
oot & PR Raciso et SRR Hapbe BaRsd in tro moduies
1008812 10rn@ 2 U€thé DSPAYdul 22 dygrhtiéatédth Riuddedia 1:a8 25211? the

data path 212 (including, for exanple, the audio bu
21 40UlNECOBHP &r Thy roupnmeantiallen?s Ommayribgroraknpuledge thy request

i Ao 1258 A ISTRO BB LBy o
10)usispi thiraddoest bos 344 el dacbius2g2.0f data al ong the data

_ pat h ﬁ)]()%m Jnnembloéclﬁments in which a sample rate tracker is provided within the
digital audio YO module 210, it may also be interfaced to the routing controtler 230
thereby providing access to registers and/or RAM in the modules 22, 202-210 and
218. Tn one embodiment, the device 200 has two base address registers, one mapped
to I/O and the other mapped to memory. Both of these registers may be active
simultaneously and, both address registers may allow access to the same internal

- registers and memories of a chip on which the device 200 is provided.
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WO 2006/ 002209 PCT/ US2005/ 022014 particul ar, as

generally indicated by reference nuneral 232, in one
wioeods/eeze the routing controller 230 control gctth®z005/022014
routing of data to each processing nodule 22, 202-2

10 and ' | p.sel ect li.nes .236 and address, . )
wits K1 i e oBofiicnt s ey e ot | Aptnyides audio
22, chamelltbatanstifé Aiveaomunliades. BRh RrdcBsst i
interfazg or rout]i_n contr.oﬁjlair 230 \?irg_srse@(é“g‘g?élz%ﬁzgz 210
ack fOAPLE Gy brves l’ze%co.utmlﬁ tigieslotatioeatehiorit andt shmrograninably or
contvaghle inpaBlindefok. bBd; e th e

full s ncrﬁ}raonous “han F’ﬁﬁgﬁgggggélg%réﬁ&{e%?ﬁ%@r2%?2%@a"d213
t he A&l Bess oytput dals imihe sarde bredet@RnineP@Re-21b0 toAhe ardi8 b8 214 but

t he j 20Q. - For .exanpl e, .the rquting controller
230r9n°§§0°%§§ﬁg9§feée“§ g §0ts 3pdereontrpl of the Teiting qestrplies 230. Thus,

unt ia theringut kimevsll@ dgR chikddN@ith t&hiRG 6l - i
sel ectgﬁagwgrqcessi ng nodul e 22, 202- 2%38%5(&13&?128%% Al%md 218is
enb8H able, wlata gy bevguted hetwash thervapiaes edwee??, RBB-210 and
S 0 1 § indHidxisia Bishidh! GRAANGSS A0 LN o ider s
response tﬁerg‘%s g%ahggn(g{agﬁtgls?g%hgﬁﬁ%n ef g’c‘i’%’%{’ REgvided to identify

enaBledsodul? 80221 @dndi2 Ifceiths whiphitisiithe sRRis 23Q21atdl th one
I

and . C dul e. 22, .202-210 _and 218 may | oca
dec%rgé‘?q‘ﬁ‘g@tr @ﬁﬁ"ﬁ%@de tificapon bysidentilicn e sepree poressing module

hos?Z 20241 @and 2 Idnda t8reet &Ndekiini ' b {

the,, specific. m)d_l?l e_tzf,é %ﬁgﬁegﬁwg%%ﬁéﬁé g%riggtzio and

is 1§ 'B%‘“ﬁ%&‘é&tﬂ ideHy datasounses Gorh oabichahta isfo bdprocessed.

i NVEHVERR i.s interfaced to the

U DR it Sl ADpr SR facife paph i EiniBRT g Pavedicg Wentity o

DSHaigstRibeessing hg)iu]a@@egm_-g mdaqmissmﬁfn%feamﬁdimg Qllie channel

aCGaS.S: BN pro in each of the nodul es

22?‘8‘?@6@?%%‘&%“ %’é‘?"fﬁx l’b gﬁsﬁ@ﬂlealia?kedéin?hmmbdule 38s0as fo

Fi generatthn ifitbeugdSB [ Wwith t
e comrol o B0 il iRleack ARYAES blenebohvdal Fius,

routj n% controller 230 via a data
buPTOR®, 2 neFeRGh eprenp ef sanmes (18 sampie for cashadblaandl ipRRSded) being

25Q@ i RE ; chip select _line 254.
el Rt 36 1 9n R, RcforRaly st Speve, the DSP 22
pr avAuiEdien procéss thetibEsamplO@atusifl, 36txahBle, HREriMSDomain
”D‘flrltr{!sﬁu%%u %n'gun at g%a request via line 252 to the

rout Fng  CORIPENS: euS A timp dopginnrorgssingersempla-bpgmpiay

t herocasskipaylied 8emplee rdcg L dge line .
205 hor cal el Rl oy L eE Tl il B PERP G oni iy
ex

taggport Rfidaly vimtheaudiodws 204 Toihis eaddthelping-povig bafids 48 and

[ 09¢ kv b | ' Lch a le rate tracker
ooty T S TR nferklby 48 et B e srbelamaembrgiment,
| t themydialbwe 4D ef Fignee 1 ¢aetssondindSor Sidbiphtto SRR bif214 in
2-39. t h%%’ .gr %l ding access to registers and/ or M
Cion JeyEe wewedanalogously to a gigculardeifer including a data sample for a
enploehlifEst datal dhGnibeVA e e, addr e
registers, one mapped’ Ort?%qll cg%ssaahﬁﬁ)ﬁ ﬁ’ggaé%‘ ﬁg?mﬁgﬁﬁé{?ﬁ‘f trad the
merfeylar Beffen” wraps hesodr Atthstexesiphmypdist theintetipt 36 may be
Si n bot.h address regi sters may all ow
a C%Eéugftsa?f{aggﬁ{e&/ l%rg‘rfrlgé ISEH{l%[F §yjchronous date? samples to theyDSP 22.

[0042] In certain embodiments, the device 200 allows digital data (e.g,, digital
“audio data) to be communicated along the audio bus 214 at differing sample rates
(c.g., sample rates set by the DSP module 22). For example, in one embodiment of
the invention, 4096 buffer channels or time-slots are provided on the audio bu.s 214.

In this exemplary configuration, the audio bus 214 may then support sample rates of
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regi sters and nenories of a chip on which the device

200 is provided. 15 WO 2006/ 002209 PCTI US2005/ 022014
wovgaloozeeone enbodi ment of the invention, thep@rrdsmosnzzois
bus 214 provides audi o channels that are tinme division

mul ti pl exed. Each processing nodul e 22,202-2 10 and

218 uprigy3§bkidz by dllocedingenedime-slphfor 48 sHzamlodna-sldtstfor 96 kHz,

and I vari.ghl e i t to.ne-slot. Thu

- e R ATRA DR K50 T Pl 438 s TR Al Y B are
may 4696nayat cleaiinpld lor dafeaslatiin the givamearpyle daeX04i8RBshnels or time-
time-slot to the audio bus 214 but . receive data in

di f PlaFsare 2vailable at % kHgl@2f timsrslqty pvaiiableat 1920kH7, ggd 512 time-
con | nE : ' LR

oo srEhvatlable ol Pittz O i R RES b} biHadtathat the gumber of
andtimegslats for gadrampledatest anagizemtiye derinpogesationet teatfevice 200
t he_various dul es ,22 02-210,and 18 1in a flexi

t no Mg e b BRE ke E Sy 1SR S0l RS e ol Fah b itz
to tishkenldts yre phdiededpdod 96 PRz tiniddtotd bre PRl ideliBand §50 90hirB time-
the time-slot i s associated. I n one_ enhodi nent, the
chaflrtemaycherrpYided Howevery thei vadens qonBiguratiansde.ge bit-rates) or

ro ' g 5 : :
Gesty moyT o FRCsloh ey vity Qe ing o B Rt exbuted by
i ncthedlezica200. For examplenin bfhyr clalialiments prgraémmablevbpersting clock
data is to b roces However,, .it will b
appPebar San B PERERE o s hetlosi realepass Shigo Midp 175
| deMHZ, ¥nd200 MHEShayPbsBsigtdGhal@etebfondde 26002; 294%, andl4096
218. I n one enbhodi nent, the channel identification
maytiBe-slbnresrsedvelpylt isploweygs tabe anpresirted thatithess arpmencly
38 A%t i .
Fr oo Bty @ el EBRIcaRa B M kiRl 8 k) Banfe SR pDogiment
newossatbodiment.dlimsah one embediment) thesnedid éath path @eayhinclude a total

h I vi d bei n received, the inferrupt.36 is.
oo B ekt e spy hoalE iR rs o abb Plarin B repioi
WO Utatks R FeiPiHe 6B flaltRini¥RE o Om & IR aBloé ot ehe JfPke plurality
exa the Tinme Donmain Interrupt Subroutine.

| e, us,
t heofthitrates avalnths tselammbsgobiime slops Ehesamplerfricked timebase

1o G0 260 A B S R BR e Rentl o AP R R e
t hesamplb mtebusth@ dddio bos 2hl.s end, the ping-pong buffers

48 an may fli ach ti the interrupt 36 js
goner 100430 10 ehginerBe B SR Eetsa il ates Shd 5508 GDstpgdard
42 ¢ffa4Hi 19, nal HeCRn@mRARA i Sodted vig X HRIR Bk 46h8ingUdhdicator
bus 214 in Figure 9) may viewed anal ogously to a

ci ridtdes: 2 valid bit) thatdndigateptoa rdesiving moghle 2202025210 and 218 that a
Pl Yedl delid o p%?é ?qbt‘?é\%m‘%leéora%&mct%‘ ?r%matpg Ao §€sgir)ll.4€fo£ or

each channe een read the Clrcul ar
wr girsceasingiNWheAkn titiitsare sanplk sdty (sach 84 the Be. 1 ikMzSampRira@pis

- may be eneyated sq.as to. prqvide sappl e synchronous
darcamumptaced ip theddiods 224, and dhesxemalacu vtk (s high. the

Slrfg}afﬁael od16122,3091206 afP91 RinaPUEceh @k Hath 283011 (Whéfeas,
when the valid bit goes low, the module 22, 202-210 and 218 is thereby informed
that the subsequent samples may be disregarded.

[0044] Although in one embodiment variable sample rates may be
~ communicated via the audio bus 214, the parameter bus 216 may communicate |
 control data at a fixed sample rate (e.g. 48 kHz) that may be independent of the

- sample rate of the audio bus 214.
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O

audi o . data) to be communi cated al ong the audi o bus 214

at differing sanple rates (e.g., sanple rates set by
W2oep23¢dul e 22). For exanple, in one enbodi memrusaéoso22014
the invention, 4096 buffer channels or tine-slots are

pr ovi dE& an the audi o bus 214. In this exenplary

conf i glPS] Inonagrebodimens, the audia hug s qonmumqmcaudno data to be
sa P 005/ 022014

p (oSN varkfte KAAEIRY 0 RAIR A 21 FRYRIG o Prameter bus
two 2 llﬁrmclgﬂestwrahtﬁer% pkjdzsmngfdhtﬂwlﬁlb]ﬁr&l.sb@bﬁaﬁ &s0di&dd module 22

| t f
K e 2081 i g R e B Eneli e £ AlgoB R0 P Aoppsiated
SAeP} n Aol
2L§?F3b| TRLD0N U OUP (AT R colrBFtarhRY i blgrol how
k Hz , the d#te 91 she qudie. bl§|2éﬂ§v1%bepmeﬁs¢®by the partRglr melzlulelza 202-210
I's, hawg¥er réx gﬁhﬂlgg)r %?ﬁe%r%qs Bg 8§e§2€ c?l?'nﬁlélmcate filter

time- slots or e fate

dur i paganegbers &t the filtef mbdilfle desy, Is&ﬂpﬂ@ﬁe cﬁﬁb&réi@’f p’ar&ﬁ&emft@ the sample
rise where, for exa

S adsgoTaet poiile 2phelat i G raatié 2%hotsiapigs th period by
ti mayiEbiothe dagifl AidR Wk deMdd 8nd 28 dn K ifud | tﬂﬁ l lycgﬁﬁlgle or time

may be provided. However, the varlious con
(e. d’asedtﬂlgﬂlﬁ}ém daty apd blogkbpeadilgorithm #etasmaytlm mm)murmayed to the

depgy @to%ggﬁlté%%& nag%%‘qgml ity to be executed by

t he devi ce i n other enbodi nents

progr amﬂdﬁjl Iemﬂbbds aipréwated hak in drde0iyeatice §n)ﬂﬁ§écé%§1 latencies in
xanpl e, cl ock frequenci es of

d
175 thafiyice20h Bopmmmsteriys sy Bupouded utack of egpesiesing
1o 200itkes 23 5ﬁﬁ~2 1@"!1% 4089 gnoxt fo ﬁlanEI%t ﬁﬁﬁ%gé eﬁ’a?t!lé{ﬂ:iu )Ptrocessmg

is, however, e appreéciate at t ese
ex amﬂd@b 2 2$2—%tﬂﬁmd02 184s timjltput peocs$sed sudio dathhAlccardigly,

one pg%ﬁﬂ%g:? sta Srr(]:ot?l’ﬁngl? dl age a g%cgjagagqu%grﬁs ﬁ% HT%geé-hgﬂar processing

t ot aiodumunbwz-@ro dddm8priot & thobudio TRk Bireatd AGhdBdE&sing
rates wherein

dat [t f diff t bit
t ﬁﬁ@m@#%ﬁwﬁ% 235 Vt‘% Wﬁg‘;,‘ﬁgbﬁs I%tH ocated to each
one Of[ﬁém TﬁJe%@}mh&i’ ext ds%%rﬂa?ﬁﬁ?—r&%@ ?ne‘iinxo £ alkAM)

nunber t1me- e Sa
mod melemancm@ém&nmteethamhantaawm@t by3bmachifi¢ &cgJ,enlw a

bR BB kTR s B S
s anhd:remr Bérdthe pp6des apthid¥pesiBesfionNMe tdim ‘%a(ﬂﬁ'nelrel{i&%h medium"

cormunl cated or routed via the audi o bus

2

- usi ﬂ&ﬁ&’e itHign daingtude gy mediug whicly i qapatile of stering or encodmg a

in d&é&ﬁ&fc% of fhsg‘.mrt%ﬁg Fople Fgcu tﬂg ﬁb iach fn%zang %l%ut ?ﬂjse #8machine to

t hat new val | rreve
ext pfaﬁ:mdmﬁr ooervf the nmﬂnhdolo@es oPthé pkaentineemass. The teifi thachme—

le rat the 44.1 kHz
"o B Bl AP b Rl b i . a0 e

- exeshidatate dhbfled) bptidab akd ﬂbgneh@ Bisks, and carrier wave signals.

[0048] Thus, method and device to process digital media streams have been
described. Although, the invention is described with reference to processing a
digital media stream in the form of a digital audio stream, it is however to be
appreciated that the invention may be applied to the processing of any other digital
media streams, for example, digital video streams or the like. Further, although the

present invention has been described with reference to specific exemplary
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respective nodul e 22, 202-210 and 218 may accept the

data as valid. Whereas, when the valid bit goes | ow,
WiOe20R@eNdre® 22, 202-210 and 218 is thereby infoPG®dIS2005/022014
that the subsequent sanples nay be disregarded. [0044]

Althgﬁ h. in one ﬁnbodlnen var.i abl e _sanpl e rates may

be © nisaitdgl be gvidpat ¢ d’P’BO‘biBO‘QFE@UOPh@‘dp‘&H%Fét%%Y be made
bus t@&&mmpmﬁtﬁ deﬁ:ﬁﬂh% %mdtﬁ% Broddic % gﬁcﬂsco of the
swﬂerﬂe(eg elne ﬁ

t he inveatigi. eAecordingly, thiy @eﬁlﬁﬁﬂ@fbw & a.ngSﬁI‘e\fﬂ)e regarded in an

200 US200 0045] |
enbgggnenE“aﬁﬁwﬁgﬁangggvgg%ﬁ cgnnun%ca?egngudio dat a

to be processed by the various nodul es 22, 202-210 and
218. However, the paraneter bus 216 includes
paraneter or processing data which is used by an
associ ated nodul e 22, 202-210 and 218 to define the
functionality (e.g., algorithm -of the associ ated
nodul e 22, 202-210 and 218. Accordingly, the contro
data may thus control how the data on the audi o bus
214 will be processed by the particul ar nodul e 22,
202-2 10 and 218. For exanple, the parameter bus 214
may be used to communicate filter paraneters to the
filter nodul e 206, sanple rate conversion paraneters
.to the sanple rate converter nodul e 204, delay data
to the nodul e 202 that defines the period by which
the digital audio wll be delayed, and so on. Thus,-
sanpl e-by-sanple or tinme based algorithmdata and
bl ock- based al gorithm data nmay be comruni cated to the
DSP 22 to execute selected algorithns. [0046] It wll
be appreciated that, in order to reduce any processing
| atencies in the device 200, the paraneter data
shoul d be provided to each of the processing nodules
22, 202-210 and 218 prior to the tinme slot which each
particul ar processing nodule 22, 202-210 and 218 is
to out put processed audi o data. Accordingly,
paraneter data is conmuni cated via the paranmeter bus
216 to a particul ar -processing nodule 22, 202-210 and
218 prior to the audio data arriving at the processing
nodul e 22, 202-210 and 218 via the audio bus 214.
[0047] The invention extends to a machi ne-readabl e
medium (e.g., RAM including instructions/software
t hat when executed by a machine (e.g., a PC a
processor or the like) causes the nachlne to execute
any functionality described herein. For the purposes
- of this specification, the term" nachi ne-readabl e
medi unt shall be taken to include any medi um which is
capabl e of storing or encodlng a - o
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sequence of instructions for execution by the machine
and that cause the nmachine to performany one of the
nmet hodol ogi es of the present invention. The term
"“machi ne- readabl e medi um’ shall accordingly be taken
to included, but not he limted to, solid-state
menories, optical and magnetic disks, and carrier wave
signals. [0048] Thus, nmethod and device to process

whei i9bhimbd 8Bdi @ streans have been described. Although,
the invention is described with reference to
processing a digital nedia streamin the formof a

1. Addtigitat pipcessod foprasessedigitpl semplps the pvasesser qowplising: appr eci at ed

a tilnB 3bmdiMSrodAYRErigMB tdFdCeRs Agial daRPieliPint e BIRERSSI Ng of

any other digital nedia stre for .exanpl e djqgital
a 18 Hay BT Pa isEessPo ppe Ratesk & AR bl 1 B TBepRidoriaitand
shasgde memery i promisiad | ip theh digitah @epqesderswith ybich Wine rdomainepre¢eseedt gamples and

oS idbinein FRESTBAIoLS NORAARLAG2209  PCT/ US2005/ 022014
\A t { varlou

wh%%qg;%%}e gigrtg%lg ;%olc%ﬁ\élmg E%%%griedr%sﬁeoté%%g ain {Jr8cets§ig% 8ngine in response to a
sannihstei lenkert isteyinthout departing fromthe broader spirit

and scope of the invention. Accordingly, the
i e LR T L i T
sampie-tsampgdnanger apd the isaypncy Idomain @@eessing ogine peeasses data samples in a

blodk-Bkddhans&Tpl €s, the processor conprising: a tine

whquﬁ'% garﬁ ;glg—pa?ej%kggin_?epr%t nse e%grateé Qa%gg' g’n 51 digi.{agéatma e b%"é‘”&%'d €

in e tine domain, a fﬁ%quency omal n procé33|ng

wheseig thr erocepspifgdeseemprigsisgi t al sanmpl e in the frequency

an iHEUTBEMRT toadu@dive BAMPG daREBMMe PoH e ARl sindldBusth @kbadke to the sample-rate

|oc|§5%‘?e%§t°£nd"‘“h whi ch tinme domain processed sanpl es and
requency domai n processed sanpl es are exchangeabl e,

an Qutpait Ryffigr to prodidel amentpt 6&}{%% tp @eid'gitﬂ Samle bysdn gyPanpreto the sample-rate
Jocket MBerdTRI N processi ng engine in response to a

sanple-rate | ocked interrupt. 2. The processor of

claim1l1l, wherein the tinme domain processing engine ]
3. Wegeeeswes oyddim ks ahprelsthe fmg domgiprosessing LaRpe an rfgqauency domain
pro@nsing dnginé aredruegnatyd id asirpla DRItD SRBAIPRGeSBYIDSE) gippcesses

data sanples in a bl ock-based manner, wherein the

sanpl e-rate | ocked interrupt is generated based on a
4 The gracagsos e ptyerein fhg shilRd MEMAYIHE 3PH JRIYEHP Actrst iigmory (RAM)
prowdedpn ithtedXSP caip. | nput buffer to receive an input data

sanple fromthe digital sanple bus in response to the

sanple-rate |ocked interrupt; and an output buffer to
5 B\e%?‘ii’és"ér?f Gt wBist soseiiset &t leastiane IppyyPptant ulfspfhat interfaces the
prodeasor ite ar digipbrmwpld bud thet pravigdsethe afighal samples to the processor and receives

processed digital samples from the processor in response to the sample-rate focked interrupt.

6. The processor of claim 5, wherein the digital sample bus is one of a digital audic bus and a digital

“video bus that is sample synchronous.

. 1. The processor of claim 6, wherein the digital sample bus communicates the digital samples in a

- plurality of fime-slots which provide data samples to and receive data samples from the processor.
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| ocked interrupt. 3. The processor of claiml1, wherein
the tinme donmai n processing engine and the frequency
domain processing engine are integrated in a single
Digital Signal Processor (DSP) chip. 4. The processor
of claim3, wherein the shared nenory is X and Y
Random Access Menory (RAM provided on the DSP chip.
5. The processor of claim1, which conprises at |east

8. CFﬁ]@prbEH@bBr/o@eIElﬁlL@ vbﬁéf\fcglrnpﬁsbﬁﬁn inPhtJufi@GE Seckhe datQ[sQrﬁﬁ@sSt%m the digital
i tal

safle By ot By B B ectrip el sl D8 Do ol
d|g|tal sanples fromthe processor in response to the

9. TRIPLEsER bR 8 KAdrdinth&inpd Bliffer fhd ompﬁt HUFES 8RRg- daﬁg buffers
claim5, wherein the digital sanple bus is one
digital audio bus and a digital video bus that |s

105 Hiepirecesspon ohelamoly gvhicl comibrisep pio itesrupir gepératol thishg@erates the sample-rate

Ioclb&tﬁiﬁt@inﬁbt bhRd Gh @het tﬁéltaﬁs%mple%ub Uhefe@MRE HpGe8u®Sr dRfhunicates an input data

saB Bl Ao BRRR ratPal o relliint il AT B i B Rg g vt sea
Samnetop't%%te‘seemple 2@5 i8 res:rtn@e prtercseswlsrratg fockddditemBt. whi ch
conprises an input buffer to receive data sanples from

n" tﬁw% \pgo& Séla?f cla?n?gp\.ivherel X QIF Esdamg)?es al{'lt xcna bu% %q%%etgoth%DSEI’.ﬁgd the digital

Sarm'p@@ﬁ@rsapple-é%aanm'esbasmer ein the |nput buf f er and
out put buffers are ping- pong buffers. 10. The

12 PHR25 ?éc%s?sror ?If cle%qunal 'EH \§h| hV\@te ;E)I;]ocgssgp is a tﬁrea {Pltelrl%gvg?r( rD(l:J?Ral Signal Processor

e-ra
(D%ﬁtaeft # 9'9'ta' w@&ds ewhtweat&ﬁ pftwegh asttaﬁﬁpt o thsiigne dpprein @rogessine engine and
theifldfusheydsiamiprae 0g¥y Bh@il esth@shatdddimodlat a  sanple to the
processor in response to the interrupt and t he out put

buf fer communi cates an out put data anple to the
13.4Thgi Rragessen #hic@imb (s whith PERSIEtFs@ndt iBPyt H’éff%'aﬁ?ﬁl . pyjpub buffer wherein the
probestred interrupt. 11. The processor of claim§5,

sel%?iye%ﬁtaﬂé g'd‘gﬁ# sﬁrﬁﬂplﬁﬁz: t%egmg)?r%pl@gi%l Qﬁ%p‘t@gu |QQ§1 sample being

proyjded iy at least °"‘?I"l@ep\°b‘8 g@éﬁts:rta' GRS byspflacatep g ttmpreﬁfzswte
selgntiehas®ds a precaasddtigitaldample @ud |eaw®dtedi)nrge tlat; arfdl gnal

pasgésoé; @i&l?ﬂpgamp(etﬁf )tt r@&g/eﬁalgj' tﬂétt s§<§zﬁ%l vﬁthI o‘?he?ér%p&gﬂﬁ QQ\J:G%S unchanged

ween rea OrTHI n proces |ng e

m°3ﬂ%em9ﬁeﬁ?wﬁﬁﬂéncy domai n proceSS|ng engi ne vi a the
shared nmenory. 13. The processor of claim1, which

14. GROPBEIES oMl i Nikh: buf fer and an out put buffer
wherein the grocessor sel ectively extracts a digital

acoumiRiPR gt sappise BB p qigtal pasvRlebUging TRIPleyIFAMEe fRghion: t he
idend¥ign wheh adlpipdf diglte sangplesaobéetieeteiven); at | east one
pro&és% 8 dick Rfthd #lé?;u«g'lcghctn?e!m WA BmBIbkS bRk %3&%@&&1& NG

rocessor; sel ? Inserts a processe
- COMEUPRISTES HotsSre gk prediptc g SgPPIe Bpiin aagrg gbysample fashion.

dlgltal sanple that it receives and that is associ ated
15, Whd B’oégs&ﬁ-‘ of @Juﬁqgﬁ%err&ﬁ&& @%H@ﬁﬁ@é&gﬁ@rs p@tlf&llrngd fn@%oreground routine
(\%Cc%mam processing Is performed in a beacIPgrrgJ%g ?o%tl)nre the bgck3round routine being entered
in response to the sample-rate locked interrupt.

~16. The processor of claim 15, wherein the digital sample bus is a time division multiplexed bus arranged

in a ring configuration.
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accumul ates digital sanples froma digital sanple bus
in a sanpl e-by-sanple fashion; identifies when a

bl ock of digital sanples has been received; processes
the block in the frequency domain when a conplete -

bl ock has been received; and comunicates a processed
bl ock of sanples to the digital sanple bus in a
sanpl e- by-sanpl e fashion. 15. The processor of claim
1, wherein frequency domai n processing is perforned in

foreqrou t ne rocessrng IS
17a”mPane ?qm a%%ﬁ?%ﬁ%§g¢%ﬁﬂﬂqgi "B kgr ound
a nltm!ltvor‘reetberh@gneémeér@d:y ting divieigp opitilexed timprelotszand| e-r at e
a dhafreeidentiida@sn pa incldding chBfhaP BRSO dth tkiditi cheh media channel to the
Mberein the digital sanple bus is a tine division
P ??lplexed bus arranged in a ring configuration. 21
17. The processor of claim 16, wherein the digital

18Mr@e&uﬁof%‘m r1| ﬁlﬁe‘iern the F%larHﬁl@erté Mcl@f;{ :r{l@'ﬂ}pﬁrs %@r@éﬁﬁé‘d ﬁ response to the
nme- s
ldegﬁ' erl ‘Hngﬂde“ I lzsra]m Blg?“ a c)hag'rrr%’ &Ia?]%eeg ﬁegﬁlﬁ%ngysfhe processor

|dent|f|cat|on data to identify each nedia channel to
1911@ praReR6eF SRIM 1, MhereilBe Proeses $PProRdedGh aivBRy Jarge/btaie @itéhration (VLSI)

cirduR & S8 ﬁgghgmgﬁﬁsaﬁgéggcernterrupt is generated in

resp 50 I'fier that identifies when a
d|g|tal sanpl e for a channel has been received by the
20. p:rreamﬁ&oprocehe datd b@nwsmce&garprafess‘dr Qli\dﬁn&thod\%ﬁ%br‘iﬁrr@: t he

e rge scal e
stoﬁrﬁ% o a?lf)le %%’é’rgﬁgy érgwc?etdl é‘rg dlg%ﬂ gro SFTo Ldi o
pr%?%eegfgrahﬁwgr.peéldedzotheAhereci RefoY b ther ERecdogapaand
proéexsig aigital sangpledipgivided in HeGBASE MEmory eth&Réduesty GOARR, WhkRE time domain

pmgésgéd afrpra@gﬁd fﬁem'csémr ermgs%g agrﬁdn?far o BLRY gg'aeo?e v.anrhé (}a fed memory,

roces
Wh?"ﬁ‘“f’l‘?é‘"@ﬁ’aﬁ”%'a PW@??B'P@/'S P?rfq”ﬁei 'r [45ROTED 1Pert srrmp rrae jocked i mterrum
processing digital sanples provrded in the shared

21. %M&%oﬁ gf &Qﬁ\ Or GRHEN S%n ledgmar gésmgtda[t‘gesaﬁggg aFe processed in a

processed sanp es and quency mal n rocess
SaRATT Y Pl RPN (AN BT S Pa e daipaitPlaterbprgcessed in a block-based

mawdeer ei n the time domain processing is performed in

Whérgﬁp,g%@fuh&,@oﬁam e-rate |ocked interrupt. 21. The
of cla wher ei n durln%§t|ne domai n

ge'ﬁraa%ge@%?%@"e r&‘ét'%k%‘%l?rﬁf@éb%??‘e"’kﬁ debeadieiys.a ‘
recgam bre iripyt- ddanphrepladnmmnethe aiyitsl siample s fili esppeise yto digaTeantiple-rate locked
tméj{gteh,@anples are processed in a bl ock-based manner,
wherei n nethod further conprises; generating the
ProYdifginePuIPAt %5'a BERE hhEigr Qﬁ%}p*ed%e KJespanse tgihgiSemple-tigipgked interrupt.

bus, receiving an input data sanple fromthe digital
22. %M&OQ% ciafﬂn Q@S\rﬁﬁmst%mbﬁlseg tﬁ%c@é%'o%far %‘rﬁ:‘;le& cfr? kR%ime %omarn and the

i nt erru ata sanp leto

recPisy P iBN S a8 M AR B P S 47 B o
| ocked interrupt. 22. The nethod of claim 20, which

23, erﬂ@%rha@a RARCRS Fhdiin HRIAREMRIBS it R dnBS Rid¥Em FRBRS Memory (RAM)
provré]e((ji on t I'}1e DSP chip, the method comprising exchanging sample data between the RAM and a time
domain processing engine, and between the RAM and a frequency domain processing engine.

22




frequency domain data in a single integrated Digital

Si gnal Processor (DSP) chip. 23. The nethod of claim

20, wherein the shared nenory is X and Y Random Access

Menory (RAM) provided on the DSP chip, the nethod

conpri si ng exchangi ng sanpl e data between the RAM and

a tinme donmain processing engine, and between the RAM

and a frequency donmi n processing engine. 22 24. The

240eHetnigthod fof aéualzm vaﬁbh cohprizBs ﬁ@ﬁﬁdg&%prbd‘é%ﬂ foaacdrg?tgl suhABle bus via at least

r fof I Vi
orPTBEFORRN e okt Bb B pBAHREE oBiling ufb Bhia) SiHotes B e ppoessor ana
reqefying @rog?qsgﬂ dl@ﬁ!hﬁ@fﬂ@@ﬁ frem thﬁ@r%%@re% EEPONaMYe thersamplevite lycked interrupt.
processed digital sanples fromthe processor in
25 ?I&%R%ﬁc?df (lj-f%]l nb§4 ;ﬁﬂ%nethé Q’IE;%I %rﬁphg gusl |$tai1:“¢£ ;tg eg%lpltal Sud:o gulgeand a digital
vidsp pusghat i Samglmsmchrawrm bus and a d| gital video bus
that is sanple synchronous. 26. The nethod of claim

262ﬁ1e r?{!ﬁjioﬁ%lf]glg MSl \%ﬁ& c%%mg %rﬁr%ur{]c%tl htﬁe gla%ll gaerlllnples%ngveen the processor

rocessor
aﬂﬁ; I“l?r%‘f”P'F;P“%f" ? Pty polinae- %fﬂafhabwewq;l@eta aqr@oleﬁatﬁwnwcwe data samples
fromrtick precesdov.e data sanples fromthe processor. 27. The
nethod of claim 24, which conprises receiving data
nples via an input buffer fromthe digital sanple
27bU“§ mEPd 9F SIMANYhich @marises (RCBYING Beif SappiRfaisansiapys buier frgm the digital
safiple bk apt balidie@ap breounis buff2Bdataldaen plee tdraeldigital Smpiemud7,
wherein the input buffer and output buffers are
pi ng- pong buffers. 29. The nethod of claim 27, which
23&5‘&6\3?@% &f dlairp, 7. 4 eraly therirpubbuif 280 oulpd buREk e PREPRIIYfRTS
based on the digital sanple bus, wherein the input

29 thfefn‘?ertth %mm f?ahﬁ& é)%phgbg%tﬁngghﬁ‘gﬁa l E—r&t? Iotc%%cinterrupt based on the

rocessor in response to t
digita] saPple s am”ﬁfetfh@e REORHTEL eAEHNIcE B mpehﬁaé% PRIt g tprocessor in
resglartse tosthsrpdngple-ta ibdhed idiegint ahd Happhbeat bofks commuesiEBRaeuipot data sample
to &Q@gléﬁéﬁﬁlp@ dudnGedpBit GFknk Hnifid- rlé%tiockg’cﬂntegpu met hod of
claim 24, wherein conprises exchanging digital sanples
bet ween the processor and the digital sanple bus on.a
30.sthapiethob pf Jaimpi4ewliEasn sompBdes ektrengied Higith! sfmpds diete@0the iprocessor and
theVéﬂjtéi BarhHEb R RAGEIHPE- b%§anﬁ)let ygad-interl eaved Digital
Signal Processor the met hod i ncl udi ng
exchangi ng a d|g|tal sanple between a thread of a tine
31.ddweiethqdrd clis i2Agin waitlitimeprasrdsa i$ rabpeadioigriehgeh Digital Signal Processor

(DSH) QE@:%&h&gmﬁmgr&cﬁéh@nd Q@gl&h%ﬂ% BERAERh Y- thré4d of Blifhe domain processing
ereln E 0OCESSOr conp rises

endlie 0 RSB PEP G310 TR BAREE e et hod

conprising: selectively extracting a digital sanple

32.F18¢ mBhe& 65k @0, rHeRArandbBtdsadr coRAPRESalUSout bl¥er &hd an output buffer, the
me@mﬁ%tal sanple being provided in at |east one

PMPPIERY of t he digital sanple bus allocated to the
selestivstyesxtianting & dibitat samplel fyr Argveesingi freg adigivbmessdds. dieg digital sample being

' proﬁm ﬁ ldaBi e kifn8-siBl df R AlgRA sﬁmﬁ@blﬁla%oate@ 'ﬂﬁh@é‘r&%s&g a

t ed
s e TR bt B S Rk oy e
pasging)h digital s2rpl hatjLreceiV@g andTthet inesshaaledbdithadtiaer mo2@singHévides unchanged
alogRRdigi@RRimple bus.

33. The method of claim 20, which comprises:

23




23 accunul ating digital sanples froma digital sanple
bus in a sanpl e-by-sanple fashion; identifying when a
bl ock of digital sanples has been received; processing
the block in the frequency domain when a conplete

bl ock has been received; and comunicating a
processed bl ock of sanples to the digital sanple bus
in a sanpl e-by-sanple fashion. 34. The nethod of

acEUnfiidih’Mgital fainbids ﬁm beﬁ%m pRESUE Y D el v RIMAB faXnidp TR N

essin routine, performng time
'd%g&fﬂﬁ’ g"é"&@ gﬁq'géta' Sﬁ’g%{ sgl?fél?ﬁ?rﬁﬁ??d"ep outi ne; and
presassing |tfwgalq0h ® threfesgamoyisrehairoatten aeoinplete elppones bed¢ngedeived; and
cobmlitAnd AbBedsQeleRrk bitbApEdBlhe d@al saiBle Bﬁ‘é |Hanrﬁ’;§Ie-9J &iniPe fashion.
34, which conprises arranging t |g|ta sanp e bus
inatim division nultiplexed bus in a ring
S4cBwimedod at dlaim 20, 3dich Teprmest hod of cl ai m 35, whi ch

peﬁ&mh@ 'fr§cﬁ§ncyﬂi6ﬂh’th ﬂol’:’élmﬁg fﬁ'a%r@érb&rﬁﬂ rQftindredi @ channel s in
ots, and providing a

Peré?i‘&l’?ﬁ grlne d%!‘é%'} ‘?rf"fe&%'fqn?)ﬁ é@‘v‘g{l"ﬂ“ﬂ{{{‘r“ﬂa, Ay channel
enfet¥erthe Backgsound routieetimrespepnpeliethe fappleaeth logledirdercihinnel  to
t he processor 37. The nethod of clain120 further
c identifying when a | e
35e‘g\c Mg %% %fe Fialﬁ'agi’ bwglc:q Y ea(ﬁraﬁfi}rgq & %q'tspg%'?@r l:""Sa\’fda time division
mulfielexaddus ing fnpeondgiipice- rat e | ocked interrupt in
response to the identifier. 38. The nethod of claim

t hod |s performed in a very | arge
SG%QEWM@wd é"?%?g“ﬂE 9T§f "circuit of a digital audio
P*'Opﬂdtﬂ@ éﬁbtah*g Oﬁéﬁﬂf%‘éam@é n W_‘ %‘dﬁiﬂnn@lflﬁpt%@htmeeslm @ndum
pro@iding 6 thdhflel dehidEation 6&h Mt diRPéhahE! ideificditidata t6MRRAtfy cach media channel
xegut.ed by the machine, cause the machine to: store
to@ ﬁ &0
sanples in shared menory provided in a digital
processor; process digital sanples provided in the

37 Sitha @ thodeeRny 20 farteR eonipiisiBg: domai n; and  process di gital

|de§tﬁﬂ§ when Brdg\{él gaqulé fpon*F ancﬁ hﬁanﬁg hgs?gr%lrfl ﬁecen.reat tfyghe proce ss%rr] CaXd

proces
geﬁefaé'aﬁﬁéﬁ éﬁy“FﬂRJ'ﬁifl '?Fk?ﬂr ‘6‘8@!&% @d95§8'i’ﬁ|9lt%t§e &P@'f@’x change ab | e
via the shared nenory, and wherein the tinme domain

38. pﬁ‘!Q?l‘%g‘ﬁJHQ}gdbﬁl ne CVF%%%% lJﬂ&h(gOel %grrf]o%r%eé graa&rewgg;gesbglg 'ir?egration (VLS

I nter he nac ine-rea
cirgujt ofiafligie augmgr,o@qsalnq ff¥icPnst ructi ons cause the nachine
during time domain processing to process data sanples

.-39 'i(] n‘@ncrﬁr?e'mgcﬁabigy ?Chﬂﬂﬁ dﬁgg&%rseﬁu%cé Bt Plgtﬂj%ﬁ ) é qtﬁa?t when executed by the

In a er during
HUHh?WS$W6E@§§Pﬂb and 24 wherein the |nstruct|ons
stoealaaaarmpies is ahmpddan dnadneprovidel @0k digitaBgrédépdor;t 0 be gener at ed

pro%§ ﬁigita%bnﬂyleq ipg)iviti@d in %@mm@d memaory in the time domain; and

process digital samples provided in the shared memory in the frequency domain,

wherein ime domain processed samples and frequency domain processed samples are exchangeable
via the shared memory, and
wherein the time domain processing is performed in response to a sample-rate locked interrupt.

40. The machine-readable medium of claim 39, wherein the instructions cause the machine during time

domain processing to process data samples in a sample-by-sample manner and to process data samples

in a block-based manner during frequency domain processing, and
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bus, cause an input buffer to receive an input data

sanple fromthe digital sanple bus in response to the

sanpl e-rate | ocked interrupt; and cause an out put

buffer to provide an output data sanple to the digital

sanpl e bus in response to the sanple-rate |ocked

interrupt. 41. The machi ne-readabl e nmedi um of claim

39, wherein the instructions cause the nachine to
whidFePARSBstrubtRhScaB M RE Simpidkaleifikbd ifRrréhR e yerdisled lkb%ed on a digital sample
pul” €quency domain in a single integrated Digital Signa

Processor (DSP) chip. 42. The machi ne-readabl e nmedi um
cagse ap| isdubrbd@r toaeaivei an inhe dath spwple iremahy digigal Xararid bog in response fo the

saﬁ@aﬂﬁnmﬁ@@e&sumwggory (RAND prOV|ded on the DSP chip

o Al 0 Bt BB R PSS BRI rsparco o
Samﬂeﬁﬁﬂgﬁﬁ@m@ngﬁne, and betmeen the RAM and a frequency
domai n processing engi ne in response to the

npl e-.r at e cked interrypt chi ne-r
41 PRl Bra Rl i 38 et g PS8 i BRI to process
dafﬁﬁefhﬁﬂwen the time dpmaim iar@dhtefretqn@cm deyhaimin assinglelintegraiest NigitahSignal Processor
(D$Menipr ocessor and a sanple bus in a plurality of

tinme-slots that provide data sanples to and receive

data sanples fromthe processor. 44. The
42.nie Inapine-regdelis eedivedif dlaimoTe. wherint@Shangth meepny ishend Y Random Access

Mehﬂ@t(RNMI ﬂJrﬁ\ﬂdiedQﬁl-tﬁéi‘DQh eniprasdihe %sfr&bh&%ﬂﬁﬁ@ttﬁe mEJE]ﬁhe to exchange sample
da%%nﬁleg {99 ml\ﬁl an% a tlme Qotm%gr{;% ctesstfrgq‘f’ e:“ngme an% bekn% ?nl FgAWnde a frequency

erern an in conmuini
domﬁbwc%amsaensﬁmresppeﬁeﬁm@e preRiemigeckediniesdpionse to t he
' sanple-rate | ocked interrupt and an output buffer
43. C?ﬁg : H\'%I'gr%trg;da&n r%‘&gﬁi‘éf t%%tn? h@amerem e rl3§mg OICchllése the machine to
COW"ﬁ'ﬂfeiaied*ﬁﬁ d'g't@?amﬂ’ﬁe befyean; throrrpeesepa Bk P?é'ﬂliielmﬁﬁfa Riyrglityypf time-siots that
prodifle dathEiics td 4he récBivd 841 EAntpRS MeMUIsprédagsonaCchi ne to
exchange digital sanples between the processor and a
di gital sanple bus on a sanpl e-by-sanpl e basis. 46.
44.Tihe MeghinerrARdable rpdivmeof Algt mvbereinithg instggions srughihe ihackipe to generate
thepsapgiesser lotked ainfehipe athsédntoar 4 engrald sivhé thas, afd @Rékin an input buffer
con?rﬁ 1919:,91%§ %F mémg )—3 ’sarﬁ]ﬂg tovmeeﬁrgﬁgsqtr %erfép%ﬁée t{:J ﬁ]tel %ﬂ@ Pa?é"l%&ed interrupt and

he mac to exc

an toﬁtplgalwffegfcogmpplﬁ%esjmy put ﬂa&%’é@lentﬁ tgehgﬁgﬁeé safARle gus |n response to the
sanipiecgtedorkad iolemapit.n processi ng engi ne via the shared

menory. 47. The machi ne-readabl e medi um of cl ai m 39,

wherein the jnstructions cause the nmachine to: _
45.Jbg E‘ﬁiﬂ"ﬁtr%ada?'@ Mediim Sheimee. whegh e isgpctions causphempsiine to exchange
digitahsampiea bigivesrlithe sasupice afdsdigiansampens of y saMperbyasalnble Gkisis.

of digital sanples has been received; 25 process the

ﬁloc in the frequency domain when a conpl ete bl ock
46. 18 Mselne-eagagieyaetiumy picFlaiR pitnfinthich the Bropresds & diyedstipieneaved Digital
Sigudl Pegersbre®SPD atdhehateig tHedhstractiond eaubel theinmchine to exchange a digital sample
bet\ﬁé’em%l e dWsr §%Fﬁgld§m£lﬁ‘§rl%é§§ng erftihe ah'S FERERLIRMER %%@Qsl)sfntg enégine via the

medi um of claim3 wherei n the I nstructions cause

ﬁﬂ@WWWQ to:

_ 47. The machine-readable medium of claim 39, wherein“‘the instructions cause the machine to:
-accumulate digital samples from a digital sample bus in a sample-by-sample fashion;
identify when a block of digital samples has been received;
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perform frequency domain processing in a foreground
routine; performtine donmain processing in a
background routine; and enter the background routine
in response to the sanple-rate | ocked interrupt. 49.
The machi ne-readabl e nmedi um of claim 39, wherein the
i nstructions cause the machine to: provide a
plurality of nmedia channels in tine division
prodestie(biozk Bdhd f'rdq'ﬁen‘&i( 6dnSdin \ﬂfe(ﬂ\éicdﬂplate‘biambeen received; and
coﬂarq Srgéalte %[ B PB eac%}rﬂ &Ls&? g'n%% gaﬂ %arrp e ?usqlf %g | Ileckéj"yt sa% 8Ie fashion.
identify mhen a digital sanple fromeach channel has
48 e matiamabatable Medilif f QEIREESHRFIN thdBlstrug®IAE Efk€ the tachine to:

ped@RbSEh S BrbREHELh Y bHBbuldlodiREPONSE TO the
perform time domain processing in a background routine; and

enter the background routine in response to the sample-rate locked interrupt.

49. The machine-readable medium of claim 39, wherein the instructions cause the machine to:

provide a plurality of media channels in time division multiplexed time-slots;

provide a channel identification path including channel identification data to identify each media channel
to the processor;

identify when é digital sample from each channel has been received by the processor; and

generate the sample-rate locked interrupt in response to the identifier,
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