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[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 algorithms in separate engines, or to convert the SS algorithms to BB algorithms

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).



sequence of instructions that, when executed by a

machi ne, cause the machine to carry out any of the
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present invention will be apparent fromthe

acconpanyi ng drawi ngs and fromthe detail ed
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Figure 5 shows a schematic block diagram of an exemplary DSP, also in

accordance with the invention;

Figure 6 shows further detail of the exemplary DSP of Figure 5;

Figure 7 shows a schematic flow diagram of an exemplary basic method for
performing 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



controller or host interface, in accordance with an
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may %e part of a Personal Computer, MP3 player portable digital media player,

Personal Digital Assistant (PDA), cellular telephone, or any other apparatus or
device for processing digital media such as audio and/or video.

[0010] The exemplary architecture of the DSP 22 may combine a standard DSP
programming model having local general purpose registers (GPRs) 30 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 ping-

pong buffers 34 - see Figure 1) for the passing of data between other audio
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one of the DSP 22 and the audio bus 42 has access to a given buffer in a given

sample period. Accordingly, in one embodiment, simultaneous access to a given
buffer 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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occurs and, if so, the method 70 proceeds to operation 74. The interrupt 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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are possible and, accordingly, the Time-Domain 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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In a lon“to t orenenti one
g u ar ﬁlﬁz @]e”ﬁhdmghmpmmmty sratuspif teeFiarecPomhiadntehrept Subroutine may

|t|onal ality that it is the hi riori
et cxioin e eopmiences ipihsTER @at%?g’g% cxfpRgy DSP 22. The
| ¥ SR one e&b%ﬁﬁn&mwd@?@édlcattaﬁla%ﬁﬂré &5[35%%551@ cbhter stacks
gener at ed upon recei pt of a sanple each audi o or

d a(H@PSh 8¢ (s Fpgttw Silethidnmaybe aidacated usdlm’dualkc%)o eathribglegd. For

Sy Shel e PRI BT IR el P bR EaS sgpannotbe
d %Izad sanpdeass nidy He’mwsts&ycfo:twgwézpmg%ﬂ. OThev¥tbtegittidigossible for
Ti me- Domai n | nterrupt Subrouti nes . one for each

efefhsgdwarg ptackeSioererge fll- 1y étaBIéBT@@Tth H&t%tronotf?@ ragy be
| g@?&l@éd ih '%Qchtﬁi%aal% @é}g& whefR'a %Qf&%ﬁlgstﬁélﬁ% RIKe ﬁlllcaﬂﬂ ifso, a

dedicated to less latency-critica ck-
alsgmqetrhlutme(rﬁa}ém}emjgpddmamaﬁy emptss thg ))artlﬂnlar hardware stack

S8 R o B! ARt ARG ATt hay e S o By Br g

aailikédoNThis intyell bW Srofraat coah®r bavles6 tobayxtadided 1o WiAever
the Time-Domain | nterrupt Subroutine. Bgozo The

h .swé&ﬁ mgnpryrhutfer allewsy dn one ewbodiment. palydhe Tive-Bemgis Interrupt
2 SRR P ARG T B 3B, o R R ERE gl o eHfince

ondoenredictabletlatemgy QfdhasTmmdDomamdntmmudv\&rbeothg Aara corollary
? Hltlse r1n (S)’Itleaemkbodlment there may be no stack near-full trap provided to the

Time-Domain Interrupt Subroutine, and the Time-Domain Interrupt Subroutine may
not use more than a fixed number of hardware stack locations, which must be
smaller 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 stack level that may trigger a stack

near-full trap may be made adjustable by software (e.g., a software instruction) to



(HCPS) 86 (see Figure 5), which may be all ocated

i ndividually for each thread. For cost reasons, in
waeenbainoenbodi ment s t hese exenpl ary hardwar e BCHUR®08@2014

cannot be sized as large as may be necessary for a

gi ven program Therefore, it is possible for a
hatlewdhenynbarlof s@ck tochiéans geaitabld to the TimeRomeiarinterupt

@ﬁ&&ﬁﬁmﬁﬁﬁw§§ dpg%xmpgn éébggd'ln each thread to

detect en a vvares is nearly full and, if
s 0, HOSHrIt Gk be apipreciatedehat bleerhaty aledthds aly bpasdd fok Hgaling with

ties the particular hardware stack 86 int
b g pladredNsmeie Bas #1eEn ? Q}Od‘\ﬂéf%mék%@ﬁgééwﬁﬁ’;ﬁt%fi‘s 86

f ll'&rgae‘{nd W4 hbd s%SQort Itlz]&lg'eﬂ?&élcﬁ‘xlﬂ ?é%(ﬁth@ 528 bR Re HARIWBL stack 86.
stack 86 to be extended ever size the nmenory

bHdveaver il dussexemplasy embndm@nhﬁme mey bg addigoripl hasd ereediosts

BB PB4 7B IR FLLOYE it BBl
praﬂﬁlmeﬁ akhpldrat@bedintht, talaaclir ném-ﬂm ﬁfaemu;it a8 motipé used and an
Subroutine. As a corollary to this, in one enbodi nent,

t [FEPTBPIFERDBR corsred A 88 ey WG IPFograth Stask yalperedirectly toymemory,
Ti g régﬂrfﬁéngdtjgétﬁ;ﬁ&ﬂﬁneﬁm QitehBer a AV st;_ékng%' @Bgﬁbﬁfull.

| nterrupt rodtine nmay mot use nore than fixe
ntHdyaven thik avagnesul is t@iokedl ©RW pedosnangh ivben mslsck Izeel is high,

> To e e Db PR et i B ale B o B R e Frferrupt

assBfdueide. | N one enbodi nent, the nature of the
Ti me- Domai n | nt err upt Subroutlne code, which may

errth’Q?%]eAfs menteredribovs thadample- ﬁ@clyeﬂwd@émf@éﬁ% 50 may
r | I,
s (B S N Ep SRR SRE e B FI Rl Gl st same
S tcafck tlsan acused T ger&tm:the ITémedDdnfead Im@ryugtt 6.9 feonecensiodrkent,
near - f be made adj ustable by saftware
(éhfgbuf s ghooDier nlﬂgmtﬁ@ﬁ% SRR AN, dfhere &
h@@&rh&%me@@ﬁu 43isbRE Rtk nt-PRigT aAE-fRBR Kihclihity. URL
Subroutine to vary in differen enbodlnents [0021] It

vmdle$cr1bed abppieeibie é&%’dﬂt mthasmlﬁay@hmphbwm@a}nnjebu&%may
nﬁllg %Léeggreq;}?tsge 5igl eftﬁé @511{ r%gég %IOr n&%lﬁ Een %18 DSP 22 is

’har war e
| ab@efmgmluppz:r helf os tIﬁICRAM wdRsKspaxe, eh&ssamplé;mhmmhwaudm

si ze of the har dwar e st ack 86. ve

examplediy 42 wilb e Aesresing ﬁeﬂ%wwévﬁbwgﬁ *EO%AM %ﬂﬁ‘affss RRACB
C %ﬁct,c%ss"i\nadsa}rfb‘f‘e PR{dWahepsbaokniaye ié)gfnémhé)usfa%ﬂlossﬁﬂﬁle
sof tware environnents. In another exenpl a

elbiod? meshangeadsiress kpaves creating thie mr@andmongiayhawmr Fhe

oo St i dn Bt G Bl Pl ER0 o SRl Vil Ml egrne
dipigepdnyg Huﬂ@fmgf&mblle}ﬁ tha\DSP QSZ@(B ac&eibahébmlﬁlg sarhplekat8fy time in
b(%}(l:eosrarllrensplg ;l)Je!rllod (which is the upper limit for the length of the Time-Domain
Interrupt Subroutine), without regard to the position 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



However, this may result in reduced CPU performance
when a stack level is high, and additiona

waepsei2ed abl e | atency may be added to the Ti necDURRDFI022014
I nterrupt Subroutine [0022] As nentioned above t he

% | e-syn ro ous audi o buffers 43 50 na ém%
g%“ﬁ% i ch may gomgspoRGforaRuriq Sérﬁi%‘h HF‘E B%may
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sef e%t bebn&u\?)é'\%d bM‘lhegs%mg)lehé chr%Bc?ue Faudli d({a?f]’tz s?%n%y BeYvailable for

unct 10

dese ki Heanplbooiked irie-tD&Rd a&a al‘izd'mkhﬁs@w’fp lag l}&mﬁﬁ‘éaﬂﬁlo This
audi 9 sanpl e bus 42 may al ways access opposite sides
ofCORHGBKAT BRY pr@sﬂe@anec,&e@amdﬁ BgPyrimigemeshpgispgponpassiag

ASEERNI G d0Ghail el SuBouAN GHIEl RS, ARREGH Dishe

synchronous audi o sanpl e bus
adbesds. nWhehen uovsed ohitpluf bld’fertChelrﬂéNvIuacthoe m;elsquaé dat@n
successive sa

S ST e TR i bosdias o0 6405 R i slssymehronous
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The synchroni zati on of the Tinme-Domain |Interrupt

sw@f%ufhaﬁéelvdtﬂhlltbﬁ aprrgrinten thag dese sern@lebthﬁgars @H@ub@fth@ pudio
4

A2 RS Subsdu B velee B BRGNS B AP 5 Ebus 42 for
| iprodesding by hdiffeeery DS Pahrenthe Ti ne- Domal n I nt err upt

Subr Wi, t hout 1o the 03|t| n of

st Flee] Bhea RO o a R DHaF AP RppRehfonous audio
SURE BUE-ER, 501 ihr-BEERISRtdhstiRe may bE ehnd8iatel Mikib® th¥il
the DSP 22 may wite to the output buffer 50 at an

t ithagadsi fohthe remeinderad tvowemipte partodin whichSuwaowriftere. Thip a
e rl
o TR T L 5154,
Vi aﬁﬂ llﬁtolm lhys stufipletsynéHroeaid audip A28 asle cﬂ&cnbed above. In the time
npl e- synchronqus au bus | . an put buffers
%%W.h%g@ﬁ@g&f@ﬁﬁma&weg sait ﬁfmmfg feag Wrigsfg an
n %@Qlﬁblé)lﬁufjfe? ¢aliON Siny @atg read4Rin @ theshileWudfel RRStiorRC different

of which may correspond to an audio stream The audio
b U3S Rrthyead angyr hestw ozsapiplerperiods/oldf insigetirdansh anthethe atoneinentipned

sa Wyachr anous audi o bus.i nput or output channe

tﬁpptﬁ l%%?n%gwﬁémngégFgmlg@%lve or transnit audio

d at aj®AFPTES, irtditenodiraént hieneadp DiPatiredy ptdtesses a dlfferent
| e-synchronous audi o data bus, may be avail apl

{ Gitegis intardhrgad paspIng Maycieatsed orrass R ety B@t&/e@h diticeant cffects
V'b%ir%' oct,egseﬁl E’ dgl? n%g/qﬁus el Passed Hind Qﬁ m gﬂ%ﬂ?ﬁécessmg or

prOV| rimary mec
pasamphg)y-sample effect/algorlthm to a frequency domain effect or block-based

effect/algorithm. An exemplary frequency domain effect is an audio clean-up effect
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



data between Ti ne-Domain | nterrupt Subroutines

operating in different DSP threads. Wien an unused
wowiopo22buf f er channel is used for inter-threaRCTES05/022014

passi ng, the passed data may still appear as valid

d f d s.in a DSP
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f a di P.thread ma
BT85BS Bt S T e SR
fand popiohal eﬁmm&@nﬁuﬁ-{mlmg BleRdn Qx%n%ti% Yge 1
?0%25 {ra)htgn in an _enbodi nment \Mrwlere elgch DSP t hr 5 g Qenera

& EREIsterg 3P may bsra reletiedly largavesister mté@stomw sagmlmy)f
b t r ct
bz?‘%*gﬁféﬂgﬁlg%?%ﬁwﬁéiﬁéﬁ AP RS PRl B i irghaM
t i 19 apd fadata prevoes E0h dLikewisatind K-ahy Ysmeibss 32 may include Y-

oIoGEE AL BN OTin Pl e The Exesmpmnl e gaeiien

daaiini oefahe ete Y SoefficRMER AM | €8faY Be 83 Bﬁﬁwd@f}:‘nﬁ bhdR¥ata
renove crackles in an audi o stream or enhance certal n

sEREIN Q2 and the Yadetp @le@pmsﬂ%may R6OR6 B2 Witewide. The X and Y

it k of sa
o e e SRR A PRty B el PP Gomain

r guginessp, I8 o pﬂweem lfdqueday Sdoﬂaﬂmahtéa@d &idatind dor@AMr¥adRf Thus,
all. data sagf?élds conprising the bl ock

euﬁs apd d?)%m%‘%( 1 ghaged mgmo #lewr thseadg 49 pass arprchenge
d herF |
tﬁ"'?hégg e s s nerey e SRR phrpol Fogfferd S THeIb - persral
ADURREF }M‘X’{ EXR&AY2 Lpanay, Ya l’t |B®tattmgaeg1stmcarfaarl 10, and Y-

D480 SRS 4 A L i, 2

| (iPdAivId 08 aed) therdC-GPRAM 112 are 256 x 32 bits. Outputs from the X-
GPRAM 108, the X, Y, A, B rotating register array 110 and the Y-GPRAM 112, are
fed into an operand max 114. In one embodiment, the X-GPRAM 108,the X, Y, A,
B rotating register 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 turn, 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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domai n routine that the block of data is avail able for
frequency domai n processing. Thus, in one enbodi nent,

w0 2evs/0020®mi N t hr eads may gat her data for frequeeDys2005/022014
domai n threads. Likew se, blocks of data that have
been processed by the DSP 22 may be witten to the
audi BW0BBAddregmeengmtass b2(Gare gonregied te-thetldt consiiel Bajt PRtthe

d% H?ol‘?ér 4 Hdea%ﬁ{é%l gfe?xréﬂi‘z afdl%%é}‘ Q&Hn(o?uﬁn 88 is also
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unit 88, the X and Y nmenory 32, the general purpose
r @gn@qcéquto doe DMdeconsmollenid4 mde,spm@plnor@ oagistesh 125, Bpwazed,
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gnerar® Barpose regrst

r &r atdd\aei MO0l af etric@n Fétel arsedecbde smodsrandcaﬂa 1 samplop&aﬁd
mul ti pl e audj o .channels. The X and_Y nenory

i r?&lleEFb(él sentrgbymit H4e mbrfmmml awa 136, dlaqoacw%wggezlt 138,a
Y'cdﬁgé’ﬂ Ger th}&ﬁ}% I\/? RecR 156 RA ¥ pa Ae ggé(r thﬂ:ﬁh%ﬁ@gram counter (PC)
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extachll4?2. t he X—coeff|C|ent RAM 100 and the
Y-cogfficient . RAM 1 bits wide a he
X- aaln2EkERy S it PR KEwERT, THeors "rdanky Epealy
bendiéat& dnSexehnpary Heehol, ﬁrhdcodeﬁﬁngm tBEirflehtione forGRABARAIng
or shared nenory used bg@frequencg%and time domain

erfglicawyng gutipgs t)rofup¢ttsx§1é ip theddeihes: Hograrthod hp@ auy fuptdes

t 'sH‘c?wxg Qg@epatiohrl%gd&‘efﬁ R4y rﬁqli}f-‘e whahd anE‘ﬁHP[%u ffet 48 is
share ows threads 10 pass or exchange

s ditiet evithateay dlema ﬁﬁ@l’ocxesdng If §h ehegaethod ll Spoap dea get a pointer to

regi sters. 30 ipnclu ener al se RA )
ge apé)ﬁogglate#)u r aRns c‘j‘f -Oﬁa’a?% F%{ %% &efeagleri R@ces& data in

Ygﬁfﬂﬁfﬂ’ér (€l %ﬁoﬁﬁ%&( YhREHYY) aslshdwn |agd5kﬁ‘ﬁlo%xl@gpih€ Id¥ta is

enbodi nent, the XGPRAM 108 and t he Y- 112 are 256

x V@ ittepibagk tacthe pudie optpyhbuffes SQGAmmnﬂgsed abiqse, xhe methad 180 is

r Qggﬁédlft} sEc&E 91' asfo% (gfnde}é{opl%) fxg(ﬁlge eX lﬁm n%%h lﬁ& or block

olﬂﬁns t Emmér, whenAhe BSP QR aéoeng:s t}&agnﬁé ésmain lidtygrrupt 36,

tl %8 4! nlgﬁ%h@a%?g e Tk Ereund B eagghlategféwﬂbmutme

My oﬂéénbéhxﬁneﬁ@fﬂé'rﬁed%/d FUMRhFEbd acBiedby Ih?rezﬁpcﬁf tROBSP 22 and
sel ect mux 114 feeds a dual -'path plpellned FPLVlnteger

umhay Thg @m@dcmmrqmm enalegavatna amihi IOQQn@m system” or OS
OQﬁer% t8 Q%ntvm o%efatlon of e %Sﬁﬁeﬁug Itﬁect%r d¥nay take care of routing

incoming sample streams, route each stream to an appropriate effects engine of the
DSP 22 for processing, and write or communicate processed sample streams back to
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
is 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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118 provided for result wite back and forwarding.
Processed sanples are then witten to register files
w@ar@eP¥deBY i N t he sanpl e synchronous audi o buf f B€T/582005/622014
the I/O data path 54.[0028] Address generators 120 are
connected to the DSP control unit 88, the interrupt
c aAtnregesses hasits el dedicatest gangral perpassrregisters. Therepier, as shown
c - Uni ' 0 - I
Al bttt o 4 I Bpar RN Rl BBorespd, or example
f regfgoenayy Beprobéssal dapadationll Oand, wieh peordssing thaeffent,she
functional units (e,q. fects processors) as shown by .
blﬁgn%'s?urmeawt?%él%?% GffeshEmanBt aratn dafteapeles m the egister
CORdyY 1R priiflisSedBBd] e R EiReh oQhé B&eRIYPuRRBE Fellsted butpfts.
and “'semaphore registers 128. By way of exanple, the
D3thicpnecedyre may congidué untdabafferts havebesderecepsed g¥eg wperation
cqg%er array unit or nodule 130, an instruction fetch
a

ecode unit or nodule 132, an operand sel ection

cont [00B1HbivevedZas desdibad abovepddts edmpled fagt BE passed between the
concurrent nopve unit 138, a paged.(per. thread) | op

stbaeligrauny rowtine Lo4nad dhe fopreround rentine 19204 asrticdam talp samples
5 M)~ el .

i ORIRpE fon ARl O LA R RUBEP X bed Pocedne

eximepdsaas\generaliroadichted by eopwdl2 e Likievhse, Hataisaraples map be

BB S SR PR S

OREYedds Rlreddrdly HOREHKd b aH6Wa7A] Ne whet her or not the
i nput buffer 48 is filled with new data for

pr oc 932 hReturmingste the ¢rsa franshesdrons gamply-byyrremplsde blpck-based

p l(sd R

oAb sk otolP L PR BRELBUF) R Ehnad Be S0 Fom the bagkground
bubditate 1(64aead apeffat dodactidnGputinkdraseshd ére, geasrabpopaseatgisters 30
operation 158, the data is.witten pack to the audi

ol ﬁ?r?%tﬁfe%@t@ S@Bglew e seinin B8 sBTe memeBy Hogdesy way

| SreyhSalih¥hd!R @Hd Y nénbSrRINR BRE et Rfarly Q¥ 8RtNE the buffer
frequency domain algorithnms or bl ock baSed al gorithns.

Fumayrera cighlan bufier. 8preafier; acdiovast deision aperatormal 78, it is
interr Lt exits t

oo o ek Bl af IR n R RRABERY SR e dan
e ?fmﬁﬁemntine inag rdgﬁh he duelﬁekga‘agmheuﬁmastﬂlhedn by liae t1RO.ead

of the DSP 22 a may run a micro-kernel program .
a6t FEtRN Sg?f’g‘”h R QRSEHIAE 1 A A SPENE AT ViaPRHg ypignal

U Qi@ & sHIRLh&L QR Biffdr RFodRPBe fraded WHEreaftdtCasthb®AY!

may take care of routing incom ng sanple streans,

r operation ¢ 8, she datmtransfea mowtime magyrretaitretosthé badkgroand rowgingfl 64.

E’Pg C@Eggl% Sagsr%éflgrrfg% Schg Ir(ilgg%aglgﬁeg P}gﬁ?:iltg garr%lesc gmrl]ci)c?(a}aged
algorithms to sample-by-sample algorithms may be accomplished using the transfer
routine (see arrow 174). 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 the 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). Thereafter, the
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the audio bus 42. [0030] Referring in particular to
Figure 8, reference nuneral 160 shows exenpl ary

WO ooenex209 on bet ween a foreground routi ne 162 BEMUS2005/022014
background routine 164 (see also Figure 4). As
menti oned above, the exenplary background routine is
e B NAfRHINg ] 62 maarhewatte%n%@e GrKgramdgpips 14¢ may take
onghkicaBe 466, input sanple data is read into the
general purpose registers 30 and, in one enbodi nment,
t he {34l An qzemphseimpehettaita FohaPSP anddobea2aid sipevn in Figure

effect. .Accordi ngl ea ffect, . that the DSP2 .
bR b E R etrie eyl oD e B e Mifeale” g aBe block diagram
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oufestre 200 ot pchieden Aieiaby M otHeluRiRs matieds Pagd an
hay@i B8R RHSSIERM0ISE 2 | OPRIcahdANleshD0202-b BPRE finterconnected
However, as described above, data sanples may be

passselly vewnwetrrath2l Dowlbiel issurrgedintd g copfiganation wherein data is
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t ragredancede theripygnbies eﬁowag@g f@ﬁﬁf‘e%% i2ﬂ%fﬁtl P Feepgamynycate data
sapph fny Wb SRR PF, 20899 REnd B ad thefitadRMES B diescribed in
i ndi cat’'ed by arrow 174. [0032] Returning to the data

t rraorsfdetailfbetnw. dmomd embydimantyiféhe mveritiokthb dgagathridl@ds ime

(see arrow.172 t operation 176 data may be receiv

B Phagieeg by e P i el Py TR R inl G681 i
C A ehv@€eini tBEvArihis infiRlules 22| B2 1N EFu@RBE itdé tobe dpPfeRiated, that the
regi sters 30 and copy the data sanples in their

r dgpditles 22, £02-2 ho argnsrely cxamplaly mpdulegrad fugherypgdulgs (with the
e | . d~ N- . r

TR o it RRocks B ca aBRADY Yo thel S HERITHIR00 andror
Theay @aé bemoreasf thtomrdulas mep be sénooved ped,dbr evamble jts ifunctignality
det er m eﬁléiv\/net h%r or nlot the end of the buffer has
be'@ﬁu?eéi;‘g g2y gther podyle.  ho “4ata transfer routine may

r et UNgD35P ThiE iPask@hstdnderitOdtyl M@ o sheShetilest?2, o1e] (LBRy

However, if not, as shown at operation 182 a\QEOi nt er

nESPIBRUNAPAAD ftE toadTey e ST Geat offbn ethsr mgdyles 25 3R22h 8 under

n eé’(\fngbllf erarroﬁlii]ﬁjéjéoqltllaﬁelj. g%gcﬁgin\éﬁ? Hglgfbglﬂé ’pr&%ss%g' Bme"ﬂi gital
processing device 200 may be flexibly routed between different modules 22, 202-
210 and need be not restricted to predetermined pathways as in the case of
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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operation 184, the data transfer routine may return to
t he background routine 164. [0033] In a simlar

wo awhioaa299 t he transfer of data sanpl es from bl pckubnesa2014
al gorithnms to sanpl e-by-sanple algorithnms nmay be
acconpl i shed using the transfer routine (see arrow
17tz1)itselAsin shomodeadf opezationi aprodk8@ng modulief28y 26R-2 fhmendefine both

il S350l LBl e PRI o el i hodule

t h}f)6dﬂzt)8fo&ﬂ s dedfiltetargagaiat whefel@SRtfue ot ploeéssed3@ata may
at decisign operation 188, if the end of the

bmssvt hogk tqdseliler ﬁmh@aewe?fsmg REAT orheingaseat torapdierprocessing
r rAurn to the background subroutine 164.
C}H&%O%%'?r()z thpe end of the buffer has been reached,

t hen [(HB6]9 fitle afidib uﬁehmry sratspattineduled] Swempnoiessada a hus220

DSP hi t ect
Ergb podyfraeR aridh ToraRanBlecBb Bt FOLLS o £52
Wedbnﬁﬁteeﬁbh@éi(taﬂ@(a&me @a&k&fapcmﬂpdtwrlm Lﬁé}n@aﬁbd@ﬂﬁem the

char ge once agal n. [0034] exenpl ary ”El enent ati on
ofmtehféCfDBPleﬁ gP elctgiesgbgﬁsﬁ/\?r% aﬁdftwglh’ﬁ?é& ug ifterfaces 226 that

p%{eh e bnggé %ﬁ@%ecoﬂ%ﬂ‘t‘loﬁél P%OQus%%e ﬁ%' dY, daf‘?b‘%ﬁ‘&ﬁﬁe 210

a schenm i'agram of an exenp
progerseinga d@mabaldummpomﬂcjmm@e &Vgttdﬂ aadloanmn to drheutput

2 G alTht gt HeSeen R irtmanets (R sl 22, MRz and

sigral processing (DSP) nodul e 22, a delay nodul e 202,
a sanple rate converter (SRC? rmdule 204, a filter _
nodul@®32D&he datd pathrd 1R exf thesttuice 200 &iclurieea dwdiacdatpxth in the

furthe clu audi.o [, out

et B 6158 Bl Rl 800 R OB oty in i
Thenbvdetet so &, daBiis 220n Kigard 1j, @ﬁ@@@ft&@isﬂ% @ﬁfrb]a;bdth/ in the
via a data path 212 which 1s arranged in %
coqﬁﬁm@qu@rpfmraéwerdw@ gl-s ns%la@mbpmpm both the audio bus 214

ot ik I?ag&ﬁgteff b&M 1%3:)‘? 8%5 {&k%efw Mﬁ%@&%ﬁ gre?rwat? is

cessing nmo e convertional digit
p rcmoemsumgecﬁlmtwc@sthe vhroud pracessirNodulessZd; @02AAME en 4 tme

i nvent ws each no 10 to .. .
O P Bl on k0 - SmiTa e 150 P galeighy received
C mﬁggﬁﬁblb@yﬁdmeomg aucnatrgbue&iffeaas ARG Eddi iRRCthé DSPINELikewise,
detail below. In one enbodi nent of the invention, the

datrecassedisample daga mpyrhe etpytsfiosm thwrampk?r%%éluommra@dw qanput

twal
, 80 FPR b3t SR BT i sl ety moicr
i sth¢ audie baphrdeaidatugalt its raerniph 86 npaudeectd tha2 @Zul2 lddparfeata
dules and furth I

ol TS PR FILDR oS S 214 R VRGOS are

I NetdtstedondthtRadid®vk 0 84, 2080 WA/ 1Ry be routed between modules without
requiring the data to be routed through a central hub (e.g., the DSP 22). In 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
device 200, in certain embodiments, includes a host interface or routing controller

230 (see Figure 10) which controls the routing of data along the data path 212. In
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any one or nore of the nodul es may be renoved and, for

exanple, its functionality included wthin any other
worahe2204 0035] Thus, in one enbodi ment, any oPer/v$20051€22014

nodul es 22, 202-210 may conmuni cate data to any one or

nore of the other nodul es 22, 202-210 under control of

a hepipuiancpscengraldy méncatembszaﬂengq gumefak 232p i ong embodiment the

PGSR i 36 AU PR Mg SRS A R .

AM022160nbe | B0t cmqsstetacchm 286 améI edirtar whreediiteb ahmmyesenable
i |

2 A B omdle FAatERL S5 S e anicaiet datkip the Fos

C QRRHRE L rButiR RnRads 280 vidR&d dat¥ bid Mn@%ﬂz‘dge QH@S 244 In one
Accordingly, repeated processing may ormed on

t rrenbgdimentythe rratisg gentpallge 2¥kdatigess bgz*ftenteffm thataigessastutlg
dul t
ggsyﬁc}%(lr%)%s hglbdgs}é}iea Egcltch%ﬁvﬁtgggcets Iﬁ? \gl Fofs ér%céssgll%l dles 22,

aS a source processi

and2tie anam $ ofifhadepitOZ@B stngxmplllel the Zamng%nﬁollldi) 2801 atay
isto ess thg@data naé be yiemed ase§§tar get or
deP$TA 61 1 S5iest Bhetishsldashys wntil a8 agknpwjedaesigngl iwgersived from

22 dsel%g%d gﬁl&egg‘?ﬁ’g fB&HE P2 P000ASSRE 2‘11 §t ff Ghe etn*ﬁﬁ)ldfmerit Nhé€ ﬁﬁltmg

eration a processing nodul e 22, 202-2
debnmelldy dﬁﬂ dedvdes e mst sipuifidad bitsaf a bost pddrc%mdng response

Tahstes: edbitial i FAGTBiaf enshBS e el e R En LB AtTE 2y 202-

Praaoens eds.dpich MEduldL2, 2000 10ask 21 ®may $Wafly €0odé telrB@kining
processing prior to bei ng_ sent to anot her processi ng

noenst ggmifican hits ofi e hps}ee%]resml@t Atrcigni freand fhpreby dp idsaify the
? &%ﬁu@g@w %ﬂ)‘ ﬁ? ﬁ*’i‘o ?rhi%%sda?azlg t3'bd fouftd
ace nodule 2 ic or exanple, may form part
of a[(lﬂGS] bfong eodwopinhent oflte ircentiégtheR8Apicedule 320 saeddced to

copput er or ) odi nment, .t i nterf

it Sttt blin g £ gon 55 thah ety Pl 3fhas access o
| HEEEEAGAS rahdBmt zﬁ@éss r{(rﬁ@@l\/l) beoRddddd @adPdf th@m%dules 22,
conventi onal PC bus 228. he digital 1/0O nodule 210

rréZWr?é@@hdé 1& i pgrticularsasshown iphiguzied1,sho RSB enadivlg 22amay

u n T h
2 S0t ftaRebih e RuE Rithrof 36 via T 52 B4 DB Rl g 204,
ZbS}(nd\ﬂ@@g%]hn'Eg 248 gﬁr&e Bﬂetbﬂbh]&ieﬁ 260, ¢ xh:qucd;ellh@ESQ%Zzﬁﬂ a chflp select
i ncl udes_a | a at a at e exenp r orm an
aﬂaﬁec?Saa{raor &itA a&%&{?&}%ﬁ%@@%& Waﬁ{)%aﬁ%wgsghﬁ@ mqglules
t higs-aGRAg b IERke DQPtxﬁlﬁiuf@Zﬁo%urﬂgatésrh fely B4t Giatine 289 fhe

processi ng cont r ol path in the
routing controller 230. The routing controller 230 may then acknowledge the request

via the acknowledge line 248 whereafter the requested functionality may be executed
using the address bus 244 and data bus 242.

[0040] In embodiments in which a sample rate tracker is provided within the
digital audio I/O module 210, it may also be interfaced to the routing controller 230
thereby providing access to registers and/or RAM in the modules 22, 202-210 and
218. In 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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exenplary formof a paraneter bus 216. |In one

enbodi ment, both the audio bus 214 and the paraneter
wWho®eRA026 are arranged in a ring configurati onPEITESEFI022014

data i s comuni cated between the various processi ng

I VI t exe
 oshi' oo 2n ofDGnBImel & the TR Mo, fs gl bus g T Riokiep gudio
r echsinpeld thay amehenmmm-mmnpmw ®46h prodésRin mRsuldNf fz@ﬁ z 10
DSP 22. Likew se, processed sa

da?M ifg%‘é}l‘%tﬁt%pf{i‘tegf’flm time-slof allpeatedtn dtrang iaregramdi le or
outiblditpit@imedot th:h 9n BHOLBbRIRertt Lthe mlddG1e gm@ 210 and 218

| ocked tinebase nmodul € 38 may nonitor the au
2 193y Ay aysiewpet datasinithe mwtd@@numudeslecw thealidiabug214 but

ke o, AR 0 R S 5 2 e,
al orthe tripet tuekisiot bss;s%ﬁﬂ:é withUghclo lrﬂiﬂlﬁdlrﬁié)ggg 2{282'622%0 and 218 is
rin e
I EE D 5 b ued e er g WO 20110 and
Cerfgahn f%ﬁhﬂ’éjfaﬁlﬁﬁﬁ SA Jhgl%le‘fjﬁ}éh ificA9f bl gg rfvided to identify
al

transport bus 21 interfaces an ex
cdhp Qloéltlle\ﬂ2a2Q21él Qaamﬁ 231 8matiow§nch rt}aampeslot mm@sdceitéﬁ IBorte0

”@nﬁy Sthggh nndlud Sh 2 f' 00(:)3 8l r(l) orglgrmgd?lle
contro e Fou ol E?g'{l%{’ ‘f? HUITES 2 SOWSE Progass
(122¢ ORI yand I8 aanaﬁpﬂgei cﬁé&tgt;rggg% grro:eeisbns% n%ﬁdulé be 202-210 and

pg}%d'é‘ﬂ%@ glfﬁih%dégﬁtgp Hata §peesniEemm svhighrdataig etsbapﬂmoes.sed
| THRVARE &t ol 8 hfé&&t&i‘%ﬁétrtﬂé {;l?aéaé%)eq f?ﬁgn o ayde§§%1d)ﬁlétl1tl‘¥ a

whi ch control s e routing o

2 1arget mpeessing wlodwle 22s2@PenEY @id 21 8i Idineahdbddidyent, @hSERARE
1,0 one e routing control | er

di t
AR o oo B PP RRGY I SAple- bekegaiEnsoaregDadils Ao as t
mpdnkrate 27 inté@apt 36 A fteNslsatdpie Yﬂoﬁl &lh Qha%ﬁlel%g bLénnx%éeéé%B Thus,
and, address, wite data, and wite enable |Ines
EREAT PG RAVeSeH or gropp o samplerd opd sreerfareidathasnd @handeal) being

t ol | ar
gl it MERLASE EbAHY. BRRREh O Rierhisd otk eliep 22
r midqt@empmcss It}hessret Qﬁﬁndﬂhaé d&;@ﬁ?qlﬂ%( ff@xséxahﬁbldg Ehlfe?ﬁgltet[b@ﬁaln
nd- shake approa
i st VR 3Bt e doiel mgcqqﬁa&p@ssanme bpsanple
33%5%?1%“%@?2“?}3‘? ECRYDITEE aRABTE £ il B S i

2 EhE tTABSRAKE 9f] daglnwglg}@rp@moéug@ly Emthiis éng, tlleqamg\f;ﬁﬂlgfbruﬂmsam and

2 10 and 218. In .
oo T PIAERAR MR 1€ Eensret et malib etsiment
ntistaudiodrui #2 oﬁEtgube 1 fcarfesporitirt foR elngsS toAE audi® bus 214 in
e t heret enerates a chip select that enabl es
t Figuze S

)eIPf‘)é&’eﬁF QN yﬁ@,amrgulgrzbuf@@gwludmg a data sample for a

plurality of data channels and, once a data sample for each channel has been read the
“circular buffer” wraps around. At this exemplary point the interrupt 36 may be
generated so as to provide sample synchronous data samples to the DSP 22.

[0042] In certain embodiments, the device 200 allows di gital data (e.g., digital
audio data) to be communicated along the audio bus 214 at differing sample rates
(e.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 bus 214.

In this exemplary configuration, the audio bus 214 may then support sample rates of
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2 10 and 218. Each nodul e 22, 202-2 10 and 2 18 may
| ocally decode the remaining |least significant bits of
w0 bwehax0s address that are significant therebBCT/US2005/022014
identify the specific nodule 22, 202-210 and 218 to
which data is to be routed. [0039 I n one enbodi nent
of UR lﬁéw%zm adlecatingonpdmedeffoe4d kHr.gworines-slaisder 2okHz,

: Rﬁ)u Ibg o qgg Qk& ez{nd%?’ t ltl Sstllgtlg & 3%@?(@20 r"l"gﬁ? rg@tthere are
e u as acc o registers an
aCMSommhyelé Meprom/mdbdgwm mqhe @iyt 202 8rohaktetssor time-

O TR e T,
C ozﬂétﬁ atd Rhild10atig 1@1dat B, lbd’bﬁevgﬂgo b@ﬁb;ﬁ‘é’&’ité‘@&apﬂhé néfither of

acknow edge |i nes 248, wite enable |ines
r etefuegtots on eaczﬁsama}ma@ at Apeise toe dummomlonqu thoy drvice 200

the Ay pnd 19y ' St afip) @twél{@m%&? Sbr &b Q4 d?e 3548 48 kHz

c oum@lotsadreproaudeagm% MiatinebtLa? ptaaudeldearrcmﬁ 1920k Hz time-
controller 23Q. The routing controller 230 % t hen
ac %maé@g&rw%edr Elowever, mee(aflwés aRgyRisde 8 DH atsa)sr

I t
e O ol e o o D0 e fin RS (HECH L by

enthodevien2@). iFr wtwmﬂe an gthepérabadaments progkammatye pperetingedock
n t.he ul,e. 210
betiarirEmen Bt bRV i ek flr st TRE S 1 75
prmzdaﬁtgz(ame&mwod;ﬁevﬁ&@ﬂﬁt rebspandRONDO TR, BB®4, and 4096
nmodul es 22, 202-210 and 218. | n one _enbodi ment, 't he

deWFlé slogngseat velndt isakeveygr tebe annsesided that theyserermseby

regls é%ggﬁgg gkggé?ve gﬁﬂ%%ﬁ%neou y anéggg E diment
adidregtedimagit sT}ms,smmny embbdimeat tlesmedia dath tpamamy include a total

i nt ernal te s and nenpries . of a chi iL,ch the.
QTR 2BHRTHSS [ BBt MRS GAE LAgDer b Eng gt o

t NRtds MR ﬁfésuﬁﬂﬁp AR BESmESrbtLIR¥AEE D éhdlbRe of the plurality
channels that are tine division nultiplexed. Each

pr fcaisrgten gawatithe sotabnumptsp oDtimeglods. Thg samply-lorked timebase
f
: 1)141891119 % Will géﬂ@?atec’ lSQ& e@h#tﬁ%ﬁz{s%q&&lcgl o%?kddleﬁaréd’enlt upon the

prog ranna r varla
tlmmmpﬁﬁa&dmmmahthMGsﬁbﬁules 22, 202-210 and 218 nay
t he same pred tern1ned t

al wa ut dat
o DA st Dol e R DB Bealerich, it PERD stondard
ti geersi RS, AR conffiidi &tedr rt)ﬁ%d LRUhd NS BN 46315§11§§ a indicator

230. Thus, as the input tinme-slot associated each

i nlit (6 g @aklidbilthet lzélcatz&)tza mgelamé gl 2, aeb@i@mm &that a
23%%\?_%1”3 sgglp%()%gege Pe% I eXI %)Ppac%ea o?llflﬁle@ﬁgl%lb%§ 2%4’Z for

| dgrotdstingaWhen ahlaﬁnrmy sh@plerrar¢i(sieH at thelddeink iz slample rate) is
communicated via the audio bus 214, and the exemplary valid bit is high, the
respective module 22, 202-210 and 218 may accept the data as valid. Whereas,
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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the nodul e 22, 202-210 and 218 with which the

time-slot is associated. In one enbodi nent, the
webmnned2094 denti fication bus identifies a sourCBCT/US2005/022014

processi ng nodul e 22, 202-210 and 218 and a target or

destination processing nodule 22, 202-210 and 218

i ncl UGR4$] dn pn@@mbqﬂlmd@tnthﬁfaydleéma 286 geromunicatesrudio dta to be

da I%Césﬁm{ lgya@ng o%ﬁrég'(gﬂes jjo %Ad%Z l\lgl ﬁo»\l;)ever the a;?arameter bus

appreci a anné i'cation nay
i d2rg intydes papargetr @r@@@sﬁmg’l@mmwhes dskd b&&ﬁazs‘ldalaaaaidnodule 22,

21 I nmbodj t,. th h I d f t
b ool S o et e BcHonUe Bk« AL oF Hadtseciatd”
Som@amE onmemﬁ,ms' R&%E&HQS' tﬁ@ caﬁtl;cﬁ Ha@ SR RhEcntBMhow

each channel been recei ved hus, prior 'to a new
sethedatagmdh@alaﬁo bmﬂmlll(hmm@amlba th@pareadar ropduiag?, 202-210

pr o\ d). bein eive e terr

el B oP RGPy et BRI lse0 {wmeniege Syer
Wopdramétegio ie0fles snddaR 2061 sadiple am@tchveRion paEdHMf;rs f(Qtfhe sample
exanpl e, the Tinme Domain_Interrupt Subroutine.

t higte Gomyerds madyl 3 e delay drya fsrthe sk 463 té?éﬁiﬁﬁ@es the périod by
pr Qﬁf&ﬁ%l%é"(ﬂ gf?zil aﬁ&%%lﬁ%galeﬁ?%cf %ﬁ@ sy&d Yh&, Eel?%)fl@gg sﬁ’mellé%r time

roni ze e transport
t hmsadl alllgorltjmsdaladnd Block-bassd elgdrithnhdatp imay-bp comninidatedso the

gcheP g B s Bt cnbooi ment . the audi o bus

42 020@6&1 W Willlbe(dpPrecREdAANE MDri& o PXREPAS frocdsbifig MislicRs in
bus 214 in Figure 9) nmay viewed anal ogously to a

ci thedewee Bef}, ﬁleﬁrpqrmﬁaronaﬁ@smu@dxea)r@a t© cael ofthe processing
| . : i .
Dk 2202890 B B PR E 058 et TR g s

ar muodule 22 221 19 aad @B listoyoupait pioctdsed audie datapi cBadingly,

enerated so as to provide sanpl hr onoys dat a
FREeF $4i¢ rgopapnggt A BbibS PaAE NS P BB TR Ocessing

t hﬁo@ﬁ& 8 & (200 08lni o8 pHbPiottRE athd Bath Grrfling &itkH prdkessing
audi o data %9(2211@ e conmmuni cated al ong the audi o bus 2
F

14mgdulg 22 a@éﬂéﬁélarth@ awdi¢ bUfg2l4 sarrpl e rates set

by t madul e 2 F X2 od|
of t E&b Qﬁ RETGRIOY 8%5%“‘18 er c 3’5??3 @eor %fumﬂg lgggb
ar mcmﬂmgnﬁ&ﬂlcﬁdmstd@ﬁwamm s ezdéuted lmy i hﬂashlﬁe(@iga,l AP, a

configuration, the audi o bus 214 ma support .

5 aPFRPESQUAY dae 1gfe) Ganses '%sanwe Eﬁ/exaqcvé Histighrity described

Ui n®eif! tﬁ@ﬁurﬂ@seg Bltzth1§ §ﬁ@c1¥il:sz§)nsih9tténf Oﬁm&ﬁné‘f“ﬁ%daﬁl@ﬂx@dlum
time-slots for 19 : ght time-slots for

k Hehall Bh taken ¢ nm:kudt: hay medmuel wmgﬁ it @pable ofistomeg er emcodmg a

tine-slot the given sanpl onl,y 20 hannel s _or. .

i WPt il G0 PR B RS By Plnfn AN R G EmBlhine o

avgdrfoatala@y ahe d9Be idthodalvgied b2 tHel pidsehOinSentiof. THatdrAbhfchine-

at 384 kHz. It is, however, to be appreciated that the

nuisadablegpedium” shall accordingly be taken to included, but not be limited to,
solid-state memories, optical and magnetic disks, 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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time-slots for each sanple rate at any given tine
during operation of the device 200 may vary and, for
we@xanpdxr99 si t uati ons could ari se where, for exermpig2005/022014
3348 48 kHz tine-slots are provided, 204 96 kHz
tinme-slots are provided, and 85 192 kHz tineslots na%
beenphadunents it wi dent fhat yagious o difisatiprpandicheyigss may be made
( RRNT . i ne- :
gasdhese BrbOARER I BouUIBRLS, Rim epRleE Tl G0 ot the
dewiveiol 0 Accdrdingby drgpegificationtand drasvibgsdirerenbesregarded in an
prggnannablg Q erating.clock frequencies may be
priGUTERUYC TR PLICUY] ¥RRE f r equenci es of 150 Mz,
175 MHz, and 200 MHz may be provi ded that correspond
to 20072, 3584, and 4096 tinme-slots respectively. It
i's, however, to be appreciated that these are nerely
exanpl es of frequencies and tinme-slots and that they
may change from enbodi nent to enbodi nent. Thus, in one
enbodi nent, the nedia data path may include a total
nunmber of tinme-slots for communicating nedia data at a
plurality of different bit rates wherein the sum of a
nunber of time-slots allocated to each one of the
plurality of bit rates equals the total nunber of
time-slots. The sanpl e-l ocked tinebase nodule 2 10
will generate is interrupt 36 as frequency that is
dependent upon the sanple rate on the audi o bus 214.
[0043] In certain enbodiments, arbitrary sanple rates,
such as the CD standard of 44. 1 kHz, may be
communi cated or routed via the audio bus 46 using a
indicator bit (e.g. a valid bit) that indicates to a
recei ving nodul e 22, 202-210 and 218 that a new valid
sanple is to be retrieved or extracted fromthe audio
bus 214 for processing. Wien an arbitrary sanple rate
(such as the 44. 1kHz sanple rate) is comrunicated via
t he audi o bus 214, and the exenplary valid bit is
hi gh, the respective nodul e 22, 202-210 and 218 nay
accept the data as valid. Wiereas, when the valid bit
goes |ow, the nodule 22, 202-210 and 218 is thereby
i nformed that the subsequent sanples may be
di sregarded. [0044] Al though in one enbodi nent
vari abl e sanple rates may be comruni cated via the
audi o bus 214, the paraneter bus 216 may conmmruni cate
control data at a fixed sanple rate (e.g. 48 kHz) that
may be independent of the sanple rate of the audi o bus
214.[0045] In one enbodi nent, the audi o bus 214
conmuni cates audi o data to be
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processed by the various nodul es 22, 202-2 10 and 2

18. However, the paraneter bus 216 includes paraneter
wmeooppaeessi ng data which is used by an associ EtBUS2005/022014

nodul e 22, 202-210 and 218 to define the functionality

(e.g.,. algorithm of the associated nodul e 22, 202-210
an E@PkW@é@ﬁﬁingly, the control data nmay thus
control how the data on the audio bus 214 will be

processed by the particular nodule 22, 202-210 and
218. 1FoA digiteirpfoeessoite poaoessndigigal sbmple?, thel proagsstiecongeing:
to amwwﬂc%e ﬁltm.ﬁmanmerstot eiflt% nmodul.e
206, sahPlE IR RIBFFUPE PP HRPERETE? S18113! ARSI TRE kme
r adgmsignverter nodul e 204, delay data to the nodul e
202 that defines the period by which the digital audio
wi || bea Hequepexidora#a peasessg cnEng, to peoepise digitad serpple inthe
ti .gori.t hm data and bl ock-based al gorithm
dé?%nﬁgéfggﬁ%gﬁ%ﬁnicated to the DSP 22 to execute
sel ect edshasddgnermoryipeovidddd @e digitaliprdcelser spthrvedilati®d domain
that, in order tq_.reduce any. processin at enci es
¢ OB LB, an ﬁr&qb%%ﬁ%rpéﬂ RAAeESCE BTPIES B GYFoansarhle-
to each of the processing nodules 22, 202-210 and 218
prior to the time slot which each particul ar
pr oc @s sThgpreessdref 2Rim 20@herem the ime dgmagn processing gngine
processed, audi o, dat a. Accordin ar a er. data i.s .
et e BB PR PPl B ATEE sty i
Prsreessing @ngine plotesdds da?dsimbpldd inAblakSaped Manided. t he
audi o data arriving at the processing nodule 22,
202-210 and 218 via the audio bus 214. [0047] The
i nvent i : ' : L AL
RN | e e R R L TRAGFA%E SR ARl Enfine and the
exieeqmerdy domain prckismg ehging are iateP@tedan pridiggalsognad Pradassor
li causes the machine to execute any functionality

D58% herein. For the purposes of this
specification, the term" machine-readabl e nedi unf
shall be taken to include any nedi um which is capable

of sthor Thegpreseseiod leiy avhegindhe ehasrd merspnie & st Rgpdom
CXREULL MYy gﬂ;ﬁggﬁfd@hm ofiifle bYlnpause the mchine to

performany o t he nmet hodol ogi es of the present
i nvention. The term "machi ner eadabl e nedi uni' shal

accordingly be taken.to i pcluded,. but. not be limte

£ oC0 501 THE e BB d VG h P BRis Al A e Frmu SRR butrer
anglatGaferfabds tHEM@cskEita aHigilaDSihile Bihat previdedtna dthital samples
device to process digital nedia streans have been

detedhg preeess and gerghves prasessed digitaloyamples deosie thepseresior h
reference to processing a
6. The processor of claim 5, wherein the digital sample bus is one of a digital

audio bus and a digital video bus that is sample synchronous.
7. The processor of claim 6, wherein the digital sample bus communicates the

digital samples in a plurality of time-slots which provide data samples to and receive

data samples from the processor.
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digital nedia streamin the formof a digital audio
stream it is however to be appreciated that the

WO zvwent22en may be applied to the processi ng of P@NYS2005/022014
other digital nedia streans, for exanple, digital
video streans or the I|ike. Further al t hough the
pr es&ntT hlerWlfﬁ’éﬁOéﬁ plaign Be\@hclaé%pmwéanwnuhbrf&ré@ geeive data

S e

o SEFIA ToRAPEAEY SHIAE LIRS 8 R0 il o
enbedmndnmsmkﬂnhout departing fronrthe br oader spirit

and scope of the invention. Accordingly, the

speci fication and drawings are to be regarded in an

i 11 ugt ridfeipystet Rt BEEIatnh 8 wieréi@Shd inplid Bifffed BNESuthtauffess are
claimed is: 1. A di gi t al processor to process digital

s anpg-peng hwierpr ocessor conprising: a time domain
processing engine to process a digital sanple in the

time domain; a frequency domai n processing engine to

pr oc é&sT'he pdoagsdoabf slaﬂpr,ewhmh bdsmmﬁsfee gl @teryupd @emdratpr thal
shared menpr r n th tal 0cessor Wt
WHICBFTates A1 t aﬁrﬁ spdhegigtds gLr UsrbhrFiadoRy buler
d%ﬁinﬁhn@(fa%%ﬁst&ﬂxt %th% Wﬁle% ﬁre@f@é@%‘?ﬁmsﬁonsg to thB&nterrupt and
processor of claiml1 erein the tinme domain

prtbe egputriytien g@m@uplp@te@sts@tﬁp@tata@ smple togh¢ digial sample bus in

nner and the frequency domain
pfgggggﬁ g%éﬁ%nﬁ pgrocesses data sanples in a

bl ock- based manner. 3. The processor of claim1,
wherein the tinme domain processing engi ne and the
o

f r eqlibnidly PARATESOR OpFlaie SsVhrgeiaigi e 3i¢ E¥hapgsd befveen the
D'rgsﬁ Ald Bk dahl RhREEEEUn BBl éﬁe gléjtshnpré bas?he processor

claim 3, "Wherei'n the shar nmory is and Y
RandonrAccess annry (RAN® prOV|ded on the DSP Chlp

5. T

one I Reennr ool didiicn B EReRE ERafined@iie

t Cl)l@ltﬁi'Qgﬂa&lPrcﬁ:@ﬁﬁf @M ant AdigiRl Sathsle s dxdRandestlé Bétween a
nples to the processor and receives processed,

d i tgre%pf haipleclonainpiocersingcpgiag aed thedreayeney domaimspyepessing
g;ngrvmtﬁeslm l%lqméhe digital sanple bus is one of a
dlg )

tal audio bus and a digital video bus that is
sanpl e synchronous 7. The processor of claim§,

o B o 0T 5 GO CRLER A g o
provi deyugkes ahéeﬂmhegrotcéss&nd receive
selectively extracts a digital sample for processing from a digital sample bus,
the digital sample being provided in at least one time-slot of the digital sample bus
allocated to the processor;
selectively inserts a processed digital sample into its allocated time-slot; and
passes a digital sample that it receives and that is associated with other

processing devices unchanged along the digital sample bus.

14. The processor of claim 1, which:
accumulates digital samples from a digital sample bus in a sample-by-sample
fashion;

identifies when a block of digital samples has been received;
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data sanples fromthe processor.8. The processor of

claimb5, which conprises an input buffer to receive
walaweoeampl es fromthe digital sanple bus and erT/osZopuie22014

buffer to provide data sanples to the digital sanple

bus. 9. The processor of claim38, wherein the input

buf f er papeEseRsttivbloghuinfthe Feaieacyiomaipaign Bepmplete blogk has been

T C or of claim9, which conprises an interrupt

gg}g%ér?get%o?&fhat generates an interrupt based on the

di gi t al coranyieatdsusprovdsssdeblockt dfsamplesto thefdigital sample bus in a

commupi cates an | hput data sanple to the processor in

r eSPW ']éy'ﬁ%nﬁlﬁgas}“r?f‘errupt and the output buffer

comuni cat es an out put data sanple to the digital

sanpl e bus in response to the interrupt. 11. The

pr océ8sBre pocessaiofcBim Whwherewn fiiqyencyl dogwimpresesaing is performed

exch ed between t d | e

o4 TORRE BT RRES bt Bmglon @b 083l X pBlorBEEH SpdtiEround

clraifine] the Backdroadd foheingbeatganeard irsregponse to an interrupt.

thread-interleaved Digital Signal Processor (DSP) and

a digital sanple is exchangeabl e between a thread of

t he .t1b.nﬁxegp%@ésgbr%"feﬁﬁﬁ%s,rkgh&aﬁltﬁhedigf?&i shilBleltuS WLHRY division

domai n processing engine via the shared nenory. 13.

Theultiplesed bay arginged i awirlg configetatiemnpr i ses and i nput

buf fer and an output buffer wherein the processor:

selectively extracts a digital sanple for processing

fromia dieirb@dsscrdfelagn DEswhérbia tied ditalsamplbue c&ﬂrﬁ@s:
provided in at |east one tine-slot of the di gli ta
Ly

sanpl e drlyralify fdnedieichasnelp detyied bydps divisiongpyltiplexgd time-

I Nng&Ltsqd Processed digital sanple into its allocated
tinme-'slot; and passes a digital sanple that it

r ecei veaschangkl tidemtificstioagmdcinaliduhgwhainebidaatifiqation dats itmglentify
devi ces .unchanged along the digital sanple bus. 14.
Theé%ln(‘?é‘é‘sci‘@‘?ne fo B RFIFEEOTwhi ch:  accumul ates digital
sanples froma digital sanple bus in a

sanpl e- by-sanpl e fashion; identifies when a bl ock of

di gi & Theampeessoriohslabed i, Wiisk roraprisss ae édsdBentpédaptibewhen a
Ir gdééﬁl?a?/ é%ﬁﬁlg%% Xacﬂ%%d%l m%er?re%gi@é §§7 ﬁne*f)lrgc%gso?,%h@aﬁ The

interrupt is generated in response to the identifier.

19. The processor of claim 1, wherein the processor is provided in a very large

scale integration (VLSI) circuit of a digital audio processing device.

20. A method to process data samples in a digital processor, the method
comprising:
storing data samples in shared memory provided in the digital processor;
processing digital samples provided in the shared memory in the time
domain; and
processing digital samples provided in the shared memory in the frequency
domain, wherein time domain processed samples and frequency domain processed

samples are exchangeable via the shared memory.
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communi cates a processed bl ock of sanples to the

digital sanple bus in a sanpl e-by-sanple fashion. 15.
wabmepoxzeessor of claim1l, wherein frequency dpeEIS2005/022014

processing is perforned in a foreground routine and

time dommin processing is performed in a background

r out i2heTha methbd ok griow g@t wheigin deritgiimg demaiy pracgsping, data

' eSa@no ne’;'sraéé ﬁroaclgssé: 1tnear {a%ﬂe-%%‘pqmep-lig&agﬂ% and Sx% IJI @Jleglk);gomain

rrudidta pdnepl eglarb pﬁocasse@ngzesllocmbased infagneaonf i gur at ion. 17.

The processor of claim 16, wherein the digital sanple

bus conprises: a plurality of nmedia channels defined

by tbpeTRH Mkfhb@Bf Qf'dfnﬁ Q@lv@fﬁggc&ﬁﬁ%% PlotessipMath GRHASH the

identification path including channel identification

datime domaemdithe frequehcyndadiaan datamesingls integratpddiggaldiignal

18, The R¢ﬁ$§ ﬁor of claim 17, which conprises an

i dRTOEFFP Bentify when a digital sanple from each

channel has been received by the processor mhereln

the interrupt is g@nerated i.n response to

i dent2df Thg methgd of flainy 2@ vdescip thershared .mﬁmory\%%ra@fi ¥ Repglom
PT RE&RSMe n{o?)( @(@W? %ﬁ%&é’a o tH?D‘ﬁP gﬁg)g ﬁw%ﬁ&h@d compnsmg

integration clrcuit tal aud
pr echssgingsaiele dga badeetheRAMdintia tmodesan qbatcassmg engine,

es i n rocess the method conprising:
S tevieh e Kahid « BROGREF Simoit B SR DEE | -t ne
: dlgltal processor; processing digital sanples provided

in the shared nenory in the tinme domain; and
pr oc@4sThrymeihgd pﬁplammvelycfpeqswreﬁ@ﬁmt%chmg the grasgssor to a

TraRl ple s LRYERE reggﬁm}r%h;p%%f‘@% B B QTR Bltter

ocesse sanples an proce
S apipl Risngathe dpxtahsingdalib eheviracessve asdh mcedrmmocgssélﬂd] gildhe
nmet ho % cIa|n120 wherein during tine domain
r8“§§ﬁples are processed in a
sanpl e- by sanple manner and, in the frequency donmain
data sanples are processed in a bl ock-based manner.

22. PheThemkiddd of cleinapf Aereinthechgitad ﬁﬁl‘lﬂ@é?@s praees gidigjtal
dat a,. S S t [ requency
R R e
26. The method of claim 25, which comprises communicating the digital
samples between the processor and the sample bus in a plurality of time-slots that

provide data samples to and receive data samples from the processor.

27. The method of claim 24, which comprises receiving data samples via an
input buffer from the digital sample bus and providing via an output buffer data

samples to the digital sample bus.

28. The method of claim 27, wherein the input buffer and output buffers are

ping-pong buffers.

29. The method of claim 28, which comprises generating an interrupt based on

the digital sample bus, wherein the input buffer communicates an input data sample
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Processor (DSP) chip. 23. The nmethod of claim 20,

wherein the shared nenory is X and Y Random Access
woRwe0§220RAM)  provi ded on the DSP chip, the nep¢mDus2005/022014

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

a time domai n processi ng engi ne, and between the RAM

artelthg precgenge cxespivsaiorthe fberaens @h@ therpyitnve butier coreunicates an

TL0aRE SGAAL T Al Sl SER b SeSoht Bl AGIaR,L Ne

I nput / Qut put buffer t he Input/CUtput buffer provrding

b oot db RetidcTam g wbere PprRRe P Bas e S
W%tem@an C}ﬁbéﬂsgﬂr%ﬂd thegsied earh}lsle bdé gh E@Amaerwlsem Hshakis.

one of I gital audio bus and digital” video bus
that IS sanple synchronous. 26. The nmet hod of claim

b e t é;[% eHa Ifsé?aug%% lﬁldnltl gﬁ He;tgor%egqug% ch}]e%g-lﬁf%%lv%ﬁ

process

pIDipiedl iSighaDProtésyer (ISP sthé hﬁtho{drlmdhdiﬁg dadangiagpldastat @mple
and receive data sanples from.the rocessg 27 The
mbetivsan athreadiota e dompiaprecsaing enging ande fiequgneyzdomain

b%g&’éae?s?g‘;ér%@%é R Yharby fefifory.r OM the digi tal Sanp' e

viding via an output buffer data sanples to
the digital sanple bus. 28. The nethod of claim 27,

wher the .i np buff.er,and ut buffers

o1 ng by AR a0 iR GOk YortRas G jppapufter
conpri %ﬁ&aﬂ@ﬁtﬁﬁtﬂidfﬁﬁ, tRéimletho@ lcbtptisiBgsed on the digital
sanpl e bus erein the input buffer communi cates an

i nput aeleeivelgntiacting ndisi sampleder piecessingdiogra digiteligmple
DG GRS b 8 L TN EL o B
t vas alrhtoererlm@the lfﬂ&:esinn;e nmet hod of claim 24, wherein

g?ggre ;g%fssctgv)lf(f ha%gtl l&?@?l‘to ?ssgcgﬁlhg]t | glilekollﬁ o\gl?searlllogall'tgd time-slot;
sappl e- by-sanpl e basis. 31. The nmethod of claim 20, in

whi ch the processor is a thread-interleaved D gital
s| gnal pRystngesdigital smBPle that fiterepaiy ¢scardjthat iuassorgated with other

oc%gsgné]&vﬁ:eg h%haﬁ%ed?aﬁé%ﬁg E%ﬁt%fsgaﬂl o biy ead of a tinme

ocessing e guency domai n
proceSS|ng engi ne via the shared nenory. 32. The

met hod of cl aim erejin the processor conprises
and }%a‘?}fz fzca1m w {c comprises: P

accumulating digital samples from a digital sample bus in a sample-by-
sample fashion;

identifying when a block of digital samples has been received,

processing the block in the frequency domain when a complete block has
been received; and

communicating a processed block of samples to the digital sample bus in a

sample-by-sample fashion.

34. The method of claim 20, which comprises:
performing frequency domain processing in a foreground routine;
performing time domain processing in a background routine; and

entering the background routine in response to an interrupt.
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and an out put buffer, the method conpri sing:
sel ectively extracting a digital sanple for processing

wo ewanae20d gi t al sanple bus, the a digital sanpPer/bsiong022014
provided in at |east one tine-slot of the digital
sanpl e bus allocated to the processor; selectively
inserting a processed digital sanple into its
al | ogat ' - NG Labial thue i
't resaro RSt i FLORIRTGS: SRR S AIRASah PR ous in
praaoes divisiproauitipbxed hohmrmgyed @inGggratitie di gi tal sanpl e
bus. 33. The nethod of claim20, which conprises:
accurrul ating digital sanples froma digital sanple bus
i N a3samelngethy bt SAWN M onipdRes: i fyi ng when a bl ock
of digital sanples has been received; processing the.
bl ock ipfovifiagamderakiy@f mpdireshanihein tinedivisicarraulgpleard time-
hasfot?%ﬁ{i' recei ved; and commruni cating a processed bl ock
f sdnples to the digital sanple bus in a
sanpl e-payvidiagplcharies [deotificadién pdthenchedihg dhanheldbeaitificaon data

whi ¢ch conprjses; performng frequency domain
prtBéfg‘é‘gg’ Cilﬁleglaf‘g‘f‘%‘b‘??&%%ﬁfﬁf he; performing tine
domai n processing in a background routine; and

entering the back%]r ound routine in response to an

i nt eB7.Ulgte n@8hodrdfeclarmt Hoavhith eompinises3identiffiing hwheo apshi it sample
argangi pg.the. digital sanphke bus jn a ti .M Sjian .
T bl Pl s RRTR S R ok P B ol errupt i
mebdpodsch thd @entifad, whi ch conprises: providing a
plurality of nedia channels in tine division

mul ti pl exed tinmeslots; and providing a channel

denbi b . . T I o Lt .

dat agit;'oT }{égﬁéﬁ?ﬁ %g%mﬁel“g?g&g%}gn nel o btgﬁgmpepég ggvglgjr]?rge
3&calF mgegretidro/ L) ciraiitmfaaligiteh medio pomepssingatevice.
identifying when a digital sanple from each channel

has been received by the processor, and generating the

I Nt eBY.UPinaktiné-L&dabIs enddfurh BRbodIEHY 4 §dq@Ence of instructions that,

when executed by the machine, cause the machine to:

store data samples in shared memory provided in a digital processor;

process digital samples provided in the shared memory in the time domain;
and

process digital samples provided in the shared memory in the frequency
domain, wherein time domain processed samples and frequency domain processed

samples are exchangeable via the shared memory.

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.

41. The machine-readable medium of claim 39, wherein the instructions cause
the machine to process data samples in the time domain and the frequency domain in

a single integrated Digital Signal Processor (DSP) chip.
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38. The nethod of claim20, wherein the nmethod is

performed in a very large scale integration (VLSI)
wa@eoe0200f a digital audi o processing devi ce. PGRUSA05/022014

machi ne-r eadabl e nmedi um enbodyi ng a sequence of

i nstructions that, when executed by the nmachi ne, cause

the machine to: store data sanples in shared nenory

provi ol - PO - :

Copl g s Rahifl e RARRRT aim oD ERERir g did memory s X

d oargli Ya Randain preoess Menoryi(RAM)gaoptesompthe\DSPechip and the

shared nenory | n the. frequency domain, erei
oIS chde i rastfine 1§ SRS B0 Lye Brhthe RAM and a
Pr@6e d6@dingreRkE8g aigineg ¥adBRFeahe RAM ahBQ fdaéRy domain
menory. 40. The machi ne-readabl e medi um of cl ai m 39,
WhiPESSRINE KBEINGISt r uct | ons cause the machine during tine
domai n processing to process data sanples in a
sanpl e- bysanpl e manner and to process data sanples in

a bl d3kTlzasachinvareadabldmeding dfrckdguac wheleimatha instructions cause

processjng. 4 1. The chi.ne-readapl e nmedi um of cl ajm
BGRE FhehBf ip far AT D MBHL SRR ELDR e BE RTEspba 4 Sample
Pringes a pahldy S80Rkeaots that frevide Hﬁta@@x‘ﬂ?]e@ tEMd feB&ve data samples
frequency domain in a single integrated Digital Signa

Priseradleopro¢dd8®) chi p. 42. The machi ne-readabl e nmedi um

of claim 39, wherein the shared nenory is X and Y
Random Access Menory (RAM provided on the DSP chip

and #heThenghdhireticadublidediemtdfelaia G| wherein thy iRaG@®Ns cause
sanpl e data between the Mand a ti domaj n ]
pribe Beshing tagrere aryﬁ&?f@?ﬁ@@%ow RdieiahratRe o pastBsreip an

doRBhbubfPERRRLAGate S ABut dhd: sallpfe TREOpIOREdsERHFH gn%ehtg the

medi um of claim 39, wherein the instructions cau
meiotermpt ang ancomtpnt buerecontieundéaggstaaloutrautrgte satbplevie g1e digital
proces o%ignd %ﬁ§§n9#et%ustin a plurality of

t i FTEPST ot°S" {HRBY Sr%v dedaR'a sanpl es to and receive
data sanples fromthe processor. 44. The

machi ne-readabl e nedi um of claim 39, wherein the

i nst fercthednachinecrsedablemedivmiod elaimp 3gewberginghapstructions cause
I nthe Haelfﬁh% %9&%& .%?Fi}% Gnfits ANRINGHE ces@@rdan\ﬂtaedeigfttdg sample

an | nput ni cates an I nput data sanp

t Hmspnecesplrby-sammdepasise to the interrupt and an
out put buffer conmuni cates an output data sanple to
the digital

46. The machine-readable medium of claim 39, in which the processor is a
thread-interleaved Digital Signal Processor (DSP), and wherein the instructions
cause the machine to exchange a digital sample between a thread of a time domain

processing engine and a frequency domain processing engine via the shared memory.

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;
process the block in the frequency domain when a complete block has been

received; and
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sanpl e bus in response to the interrupt. 45. The
machi ne-readabl e medi um of claim 39, wherein the
WO p®boex2dd ons cause the machi ne to exchange di BOT/E52005/022014

sanpl es between the processor and a digital sanple bus

on a sanpl e-by-sanpl e basis. 46. The nmachi ne-readabl e

msdl umC@fnn@lI‘mam aprocessedpipeot samplrsde dwshgital sargple bus in a
Digital Signal Processor (DSP), and

mher :$%§h#§ E%%tlons cause the machi ne to exchange

a dlgltal sanpl e between a thread of a time donain

processing engine d a frequenc o] in.p ocessin

engi fie ?he@%%@egﬁ%ﬁg’& fﬁ%{’ﬂf‘g# Q”F}{ 3$h% ﬁﬁ%‘é‘%‘ﬁ@ pfamse
megdh fintiahe & @i m 39, wherein the instructions cause the
machine to: accunulate digital sanples froma digita
sanpl e petferm rﬁreaumwﬁbmam)prmnglrf aforegoeundrgetme; f y

when a bl.ock..of Ltal sa Gel V. d;
procesd f 8“6‘%‘*‘1% i PRESST lrﬁ%rl?%@( %glr}%ut lmd:l

conpl eteptdd tiedack@sukbwutinemaesase @RAdmerrupt cate a
processed bl ock of sanples to the digital sanple bus

in a sanpl e-by-sanpl e fashion 48. The

machyg el"l{eqﬁﬂ‘ﬁmeeremgL Q)If @laml 39, wmgl'h%é"mtsﬂ?@ctlons cause
I nstructions cause e nac ine to: performfrequency '
domai n the oedssétog i n a foreground routine; perform

ent or (RGBSR RGFAURA PEE cRERER 7 LgHoRe S nlpieftme ot

i dp@rrupt. 49. The machi ne-readabl e nmedi um of claim
39, wherein the instructions cause the machine to

provi deprevige yebannehidertificatiorapath dchiding ¢hanegl idengifi gatigngigta to
e nrtt?#/ S&%‘Fx%édxé‘& fﬂh&tt(?] t eﬁjggcegg quhﬁiie a channel

Ication pa ng channel identification
dat a t ddemdgntvinby a depithl smmjﬂeafrmlnwaciebhahneltﬂaequncremm«irhy the
and identify when a digital Ie from. 5 channe
haRotsER FUEERTBIEPe IRETH S BSEYRe i RBFAL i ng t he

interrupt in response to the identifier.
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