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FI LTER FOR DYNAM CALLY PROCESSI NG DATA DURI NG READ AND WRI TE OPERATI ONS S
FIELD OF THE | NVENTI ON: The present invention relates to the ﬁ0%192@52
witing data to and reading data froma media storage device. Mreée
particularly, the present invention relates to the field of manipulating
the data read fromqr i nedi.a jce. . 10 CKGROUND OF
THE | NVENTI ON: The ﬁ‘é%é%%%‘g?a%‘% uhaﬁ&ﬁﬁg&ﬁﬁgﬁ%’é‘ﬁ Ry gh
Performance Serial Bus," is aRORD¥NAMICAIEALY PROCESSINGr i npl ementing an
i nexpensi ve hi gh-speed s e o (ts both
asynchronous and i sochroﬁcﬂ? PW@E‘@ ‘g’&é @Pg&t 8"@&&3@9?@0 the | EEE
| 394- 1995 bus has a universal clock called the cycle tiner. This clock 15
i s synchronized on all nodes. |sochronous data transfers are real-tine
transfers whi \Y on the universal clock such that the tine

interval s between Fﬁe%lbiehﬁﬁ%nﬁbﬂ%l&@ﬁt@&hd’lﬁéd@ of R@itif AR @5l eI AlatPBEY A he
transmtting and receiving a&p i cations. Each packet of data transferred
(8}

i sochr onous| ymediasiosags fdayife dMore pardculaghy. the ﬁéﬂsﬁéﬁi“{?ﬂtlowﬁila@ﬁ&@?@e& ofan i deal
application fQ{amb{?l‘ﬁuﬁg’ RPALE el FrAR LR whiR AL R LRABUS sdbrapp Wb cbe from a video
recorder to a 20 television set. The video recorder Tecords inages and
sounds and saves the data in discrete chunks or packets. The video recorder

then trapgfer ﬁA PRGEDF Tﬁﬁﬁmﬁjﬁ@ﬁbﬂg the i mage and sound recorded over
alimted ti uring 'me period, for display by the

t el evi si on set. Th'éheIIEEE 1143949339951“@{(& kﬁéﬁcﬂ;t@d@deﬁ%m Higb tPerfernpno Satiab
mul tiple i ndepend f )

appl i cati ons. Bgrglsiqg%%l t %h%e?ﬁggﬂdﬁgpng{gr I g r_%}a 8;{ se'?ﬁ%l %h %]%%wa{alablfso
ensur e recept pwhitdsture Wbicepmp@ps baﬂh@smbrlonmtan@ rﬁocmhilcsls &iringdatarndutsfepd. eln

I t t ' t
R e X T
operati obs wh nsr}iynd;lmmmoacadi mdes olsochaanony ity ransfepnare sealvome dnausfers abiheaakea
maxi nmum anount lgg Qc} &n Ihr %mv%rsaloél{x]&(esuglp &l? ?g'{erlglte{'vgg be ! F\ Tgi 1hc ggﬂaﬂﬁs

1394- 1995 st afR prOV| es a S ee seri e conn
di gital devi chmetthesmiwdqmtmamadba@ the tumsmétnmindl 1#:®1vmgwnpht:atlom Hivh paéietof

1394- 1995 sta efi,n j i r. . appl i ther eby
el imnating the rtlrcglesger?egr Soé;}ﬁr%ngds%’ {sq%ﬁk%el%)}g g‘%%ﬁ“&i%‘% Fec 3?’ i %‘r‘r1 etg(gmgls v Eép

digital data udmalaamhmyomﬁd:rahéaeimfe of tlata $sothrenvsisly twedd bcfres @ video rbeosder to a
Cor r espoggi ngl are i,cat cel V. afro

bus, not anéﬂ SV SeFa W e l%%r et %O?‘Ee]s 1\&48%43 aelsrsglc’ﬁ??r dd%tv%atk@%ﬁ%‘éﬁ disgret fog
data to digi tahu:ﬁtabﬁpaclféte tt“hds)imlecr eaz;mdexetﬂerbiyansfes ¢ packaQfepi9diffing tlaenaaged i S
very thin in si are t ulkler used cannect such
devices in ot ﬁe {dle‘g ﬂv%r@ﬁlerﬂg%d %Bﬁr{?g’séur %ag%ggdngaoé‘ﬁ&r &%uﬁ@'\c/l@’d'i? rom
an | EEE 1394h1&%1&t@t Withd IEBB 39441995 Standaﬁi’hlslabﬂ?ﬂectuﬂefpr(ﬁlldéeﬂlﬁlfﬁ)lé s so added
or renoved t us Wil aut rratlc nflqure.itse or
transmtting gt @W&FE @H %ﬁ‘s’ﬁﬁg‘étg".e anplistionss 4 Shithrng! o

| ogi cal eftit ymmbérhs Brouddaﬁtuﬁitlﬁdlé rda&&o @fsutedecdption B nhwpproprlatEa@dmmnﬂe This

provides in a gtandayd address space, O .identificati
st andar di zed §Q?W§)\“ lr"rtaPBlllcaF‘%‘gﬁ tgtsgf"gmﬁer?ﬁgl?' fransit ’tsf’%(’“"}“t g"“%@ﬁ‘i“&%rl&s

space. The | Etuchgf4 Aéh?&ﬁro%b@smﬂﬁfsﬁrmé triditional felioblo @ath tiafisférl operatistvafichi N

Figure 1. This pr?toco ncl udes, a ,seri al , bus nana:enent bl ock 10 coupl ed
to a, transact i®§ Rlagy&F sopy as gr "i“ﬁl?“l'%t%‘r’ andjtransfer 3 ‘I"E&ﬂm‘lmé?éflatiémmﬁe
physr cal | ayergokBe R PAds@@siohNe el ectrical and 15 rrechanl cal connection
bet ween a devi ce and the | EEE 1394-1995 cabl e, The physical |ayer 16 al so

provi des 38r bi t r at | dhe TREE hidr199p istandasd proyides 2 highrsperd| seripl s for dnterpprmecting

1394- 1995 bus #Hiaupddidas erﬁ%?%rcﬁ@(ﬁﬂéﬁ uhiQerbd1 ¢/Pethnddione IThe BSEIAEIgAAI906lat a
transm ssion and reception link |ayer 14 provides data packet deI ivery

service for baotandard defines o digit! interface & fheoanplicatigns thershy: flininating theyeged forpmi s
supports both asynchronous data transport, using an 20 acknow edgenent
protocol, and isochronous data transport, qrovrdlng an un-acknow edged

real -time guaranteed bandwi dth protocol for just-in-tine data delivery. The
transaction |layer 12 supports the commands necessary to conplete
asynchronous data transf including read) wite and Iocﬁmmmm bus
managenent blocﬁ”ﬂﬁﬂ“ﬁ“@ﬁﬂﬂ an i sochronous resource manag ﬂm /

i sochronous dat The serial bus 25 nmanagement bl ock.d, 2l SO i
provi des overall comésggéir ati on control of the serial bus in the ornrof
optim zing arbitration timng, guarantee of adequate electrical power for
all devices on the bus, assignnment of the cycle nmaster) assignnent of

i sochronous channel and




bandw dt h resources and basic notification of errors. A hard disk drive

i ncluding an | EEE 1394-1995 serial bus interface is illustrated in 30
Figure 2. The hard disk drive 20 includes the | EEE 1394-1995 §@mngbo@ys
interface circuit 22 for interfacing to an | EEE 1394-1995 serial bus
network. The interface circuit 22 is coupled to a buffer controller 24. The
buffer controller 24 is coupled to a random access -2 10 July 2002
memory (RAM) 26 and to a read/wite channel circuit 28. The read/wite

c .han.nel cireui ahplgzlgts idn%o %Wg& ggn&l th lﬂ)e ?hﬁa §e90r9 an n%ﬁﬂt@@&&ogs %53515” ed

within the har driv rea vvrltec circult controls
the storage opf@raspoestingly 4 f?qqlélﬂﬁﬂmllaﬂt@@ will seeqivecligiigl datraliom et aiot sneleg t he

medi a 30 and Vgi,t é:ﬂagmﬁl%f%f&Qn&rB@ réﬁﬁﬁéd&o 3hverPar ol idRd tRqiddidl ifa ORRY @bleON tO
the hard disk drive data is receiived froma device coupled

to the | EEE 139&‘“1@@5‘%@@%?396113955%‘%“%? HrEryindh ize qeppargdtpsotheg hujkient er f ace
circuit 23. ThiaSlesSdstdRBomfectdadhadevisesii® bihalcdrdotion Qtheinbe Ddvicks dad I 28RY5

interface circuit 22 t he f tro 4.. The .bu r cantroller 24
then stores tHP reé'ﬁ’t"%f*&%ﬁ'b@% {385 I%Q%ufwae tF‘ % ’??Férw 2@.‘1 %W&"hlsts‘ﬁe
read/ write chaiddeglor aénioved the B8 wil tﬁe@ agtvmitically reconfifnee tisefffartrapomitting ldhter 24
reads t he dat d f [ channel
circuit 28. Tﬂbée{“feg'{%%\f‘\‘/%fl?gmr%glﬂ%gl Cn:%?éé\% ?rﬁ’él &?h?oﬁgcgleen Qa‘ﬂw&%‘g'faa onto the
medi a 30. Dur iaddress ondlsacbus sieychird. olfach pesimprovidesinrachtagifasd addresy/spag@Qan a st r eam of
data is rgad fﬁé?xﬂh&aﬂ@n ﬁ@ﬂﬂ g st2fiafiieed BE of &ﬂﬁ'&l%@sﬁ&s &G%E‘cﬁﬁmﬁ' 1Es%tad81%ss Thi s
streamof data is forwardéd by the 15 read/wite channel circuit 28 to the
buf fer control3%¥f 24. The buffer controller 24 then stores this data
tenporarily in a bmﬂJmEEim%mswda&meﬁN&sarpr&m ASEEEuataBA 111@&51 sekik al bus
interface circui.t $ avai. | t he data

fom the Rav JEoshnplifadeai PR Tsiengnies 50 sBB i s bkt Rd%, 4
1394-1995 ser ilak ldyers14 anierphpsicel lgyer 461 Theshysicab hydrd 6 pedviies the eldettical amicor di ng
to ther I s this
data to the aggér%g%?ﬁag{()gﬁ %&/nl @8&%@#%@@%\%@ ?r?g%%E%&%Sgh@% Ehserl al
bus. A traditilaal6 plag proviflesjarbifpatigatozgsureythat gl leyicep eeppled d¢ Be dBERI 5394-18%d pl ays
it back accor CBuE'QavEerﬁt%JBa@éi% tamejuy&dwa‘urdmm dastﬂﬁkmﬁmxe&bﬁ&lr Thei ng a

protocol such as . the seri bus protocol he external controller
provi des comwdﬁ’g layst 1 %’PY‘?P@I“ gt Selivery Sﬁé" 5%‘&’0 j aSye P?‘\}‘éﬂ%’o‘S%WEwsu nf or m

t he hard di sk ditalpaaceeﬁaﬂmr G‘hﬁmuﬂiﬁbﬂs boetdasancBidndus @late atagsporg usiag e Written, in
t he case tion r

oper at i onﬂ)f The™ un etdF meno‘?mtf’?% aﬁﬁ ‘Sa°%f3f’q°‘§< {g}"\%ﬁﬁ%%url angjnFag]g‘ﬁww & ation
is to recreat efe%l-hlelecmuargltmlIbandmdﬂbpmmté(ﬂorswsfﬂatm%ﬁamt@thwamsﬂqyr evi ously

witten on theayeeh supabhs dW¥ dobhnlah® Igée@wyrtgcaﬁﬁeté)asyﬁdaﬂmbﬁ%mh?a%er;995 seri al
bus, personal co%uters are 30 now bei ng)acoup ed %gtelher in | EEE 1394- 1995

networks with? ady Writerang Jagk b serig! ??‘F‘Bﬁ%‘!elmybl Q CHHBTI ¥4 to personal
conput ers. EXaméhleﬁou@fres&HGehnd\@g&f(ﬁSnaﬁigﬁlgdﬂﬁlﬁmf daﬁdﬁﬁﬁfeﬂnlﬂ‘mé@iﬂlﬁﬂs such as

vi deo CasfSGt t emgngge%egt lock lwa sg 8ro(w:/1 gv,c o%grgl? conﬁgurat n contr P Se semllS bus in the

form of optimizing arbitration timing, guarantee of adequate electrical power for all devices
on the bus, assignment of the cycle master, assignment of isochronous channel and
bandwidth resources and basic notification of errors.
A hard disk drive including an IEEE 1394-1995 serial bus interface is illustrated in
30 Figure 2. The hard disk drive 20 includes the IEEE 1394-1995 serial bus interface circuit
22 for interfacing to an IEEE 1394-1995 serial bus network. The interface circuit 22 is

coupled to a buffer controller 24. The buffer controller 24 is coupled to a random access
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t -10 July 2002 players and conpact disk players. Raw data fromthese
consuner devices is not always directly usable by a personal conputer. The
typical solution to this problemis to wite an application soffugneo2
program which will run on the personal conputer and performthe necessary
data mani pul ation to transformthe data into a format which is useful to
ot her applications being run by the personal conputer. What is needed is a

filtering devih&RoMRAM)CHNRG0 4Sed/virite BiRAN Wirddie28. NEhd@bdiwiite QA CARBHMET
device into a formt re |re§i r% E‘@‘e%!‘éj)nal corrput er or otrfr devi ce. \Wat
is further neddiégov °dat°f § mEfIP éod s stpreda %‘Lﬁ“a"tcezot Hdedat a
froma persongld/aRERikhSHe] SRNItCB dohtdls aefs@rl\%ge éxﬁﬁbﬂs roetdhetmed?a S0 SR g

el ectroni c device. 10 SUMVARY OF THE | NVE C]BI A nedi a storage devr ce

i ncl udes an eistdingidaa fromthe media 30 BEitiag AHE tUHEVRSI®10 ¢l ock based streans

of data gs they ang, i tJ«ﬁ’t@ ot)aa@crn theROhatd 8k URG PRI sBest 6f RRLisFEMIVRE frofle
medi a storage device will also manipul ate streams of data which are not

bei ng writt erd deyigesoupled walbie ﬂ}ﬁ%@nlt%lg’r%d?fbﬁl buoagaredeihe EEIPEEREOAb] y t he
embedded il tlﬁ{erf\étetarcﬂutzbeTrr%dgt@wﬁt)paage 8RR fioin R 1EER G YLNYSHERR Pi Pe
which will recelve programmed 1 nstructions froman external controller and
mani pul at e steiwaite2dé ﬂddtuﬁfeampﬁtrﬂg tihe prBerprostellerat then swras wlis datas in real
time, coordi at [ I I : ochronous
"BhBGaty il 2P HERAM 26! Wfn ufd sestr/wﬂte U S cirb NP 24 R

data pipe in Irmvare for performn e appropriate 20

mani pul d0i onsavailitde, Medbuifes contreadjer Uergpdsahd @atfafrgm {he BARE 2hingd foovapdseitta e an

| EEE 1394-| 99% wn{e cha%%?m%\ﬁt%t ul:h% re:ﬁ%vrﬁg E%Ha %urg% @ex@(&f?lters?lfed e(gntg y the
medi a storage vr ce operati on, NoSe st reant dat 4 can be
mani pul at ed i tht mediadiof f er ent f or mat by t he errbedded filter before they are
stored on the nedi J t of.

are being transmt urﬁngahreyd %%gan%ﬁg!oﬁm tﬁ% g%rgg%k el\\ﬂ3 22 dﬁfé?[ﬁ of ﬁﬁﬁs rda(bég
operation, t hthe eneglter Wabysthe feadérite claannd) eireritnd 8o uTlsis sideammf@lata lsjfoi“Wsde}.’nby fhor mat
by the edded, fi r fore e [ I t4,.e EE, 1394- 1995
seri al @gts) strreﬁ‘z‘,[t"'ﬁ‘&e &aﬁmﬁflﬁlgt“nt %"ﬁs%ﬁé‘ﬂﬁ‘é“?&; %ﬁ%ﬂlr 2 drh%rhhﬁer &%120115 54%% Pused to
synchroni ze tdteresidiiadsd tempomrilyTine tukfels i the BAM)26.d Wher thedEEE 139460095t setialze

the enbedded filter. to pul at tr,e 0 ej tvveen
two ot her devg“t,se‘gtegﬁcet‘t‘t “‘PE I':salggaﬁcigﬁg’ Ser |°ag%%us29 S arragc %Sflmng%he
July 2002 Thez&‘ﬁmfﬁrwar& .6 the daterCee \iréfic 290 €TlesIEEE 1364-1995i ﬁrlalrbuemterfane t her e

is provided a .filtering,devi edd hin
coml‘ol gured fofr %‘8&3 ‘ng ofrgA t‘oﬁﬁéﬁgb(fﬁ%@ﬁ%ygf%? rwg@%g%(g@%@@géﬁgﬁ%fr ng
streans 2f dagianddid ﬁﬂttﬁdsxﬁmq thiscagl tb niat dppropriste idedce dridevitésl dver the IEER V3%l
conprising: a qu%ntr | rcuit configured to receive 5 instructions froman .
external cont PP gpalk converting streans of data froma first format to a
second f or mat corr@&:ﬁ&ﬁdﬁdﬁ@aﬁdxmvdeeta'srdatdribad,dm'rdselataaﬂdiplaymmhqkuI ating
circuit coupled to the cont circuit for ulatr recei ved str ars of
data in thepf pocrding o £g ‘Esnlﬁ?ﬁlﬁﬂcfﬁ?t‘e ?rgai tfﬂ“"ﬁ‘&"ﬂ‘%ﬁ?fot"ﬁ suhrihe
for mi:j accor dtsdri:ﬁl bk ﬁrbtacdrll SBP)M Crhecvit&]fnm EdntBllériovidus icofimam datd dtiuctuddd td(»j Iﬂ:je
accordance w e ot her ct o IS, 1,NV n, ere is ovi ded a
o St age heid Rk AP B Y Bor % bt RV BB of U gkt Clbn e
stream of dat @& bd WA thelchdend aavxﬁteeeemm 6tt redhifrof indBé éase afNdireall Sperhitivn.

in a fornmat corresponding to a

transmtting a mani ul at ed strea

desti nation dg‘b?é‘é‘{) of the P?ffitdéﬁkra‘i’d e 2 gt&fm&aeaﬁﬁr’%%s forfecTeatt e oggimal,
circuit for ngpheathéd éd%amtdmaraaﬁﬁéhwad ;ﬁé\ﬁ(ﬁ@m WiitteAdInahd fibdia 30.15

predeterm ned format according to ﬁ@lgl instructions received from an

external control | eWithithegrewing use of Fig ln%t‘t‘ii%IS&'t@d’“%th’é%{m ARSI H2TS
programgpl € GeRiyeRb cGhﬂl&HoEetﬁ&LH? lreds 19941 1995 fnbtlvtoﬁrsum d‘c'vn"cé‘s%ﬁxcﬂ Rive@sECUt i NQ
progranmed instructions, received froman external controller, regarding
mani pul ati ng traditipratizibeerconpled Aprpersonglgompiisso EXamplen Al soh deviess arerqonsumsy
data. 20 I acROSAEi bibnhs b Qe SR Rerd LidbhbaindoRREM videD AR 1 S

al so provided a witing data t medi a storage devrce
conprising: receiving a received packet of data to be witten to the nedia
storage device; mani pul ating the recei ved-packet of data according to
programmed instructions programmed by an external controller, thereby
form ng a nmani pul ated packet of data, wherein the manipul ated 25 packet of
data has a different formthan the received packet of data; and storing the
mani pul at ed packet of data onto a media within the media storage device. In,
accordance with yet a further aspect of this invention, there is provided & (
nmet hod of reading data froma nedia storage device conprising: reading a
previously stored packet of data froma nedia within the nmedia storage
device and nanrpulatrng 30 the prevrously stored packet of data accordrng

o o .




10 July 2002 BRI EF DESCRI PTION OF THE DRAWNGS: Figure 1 illustrates a

prot ocol stack defined by the | EEE 1394- 1995 standard. Figure 2 illustrates
a block diagramof a nedia storage device of the prior art. FH@gj Hi$2 2
ill-ustrates a bl ock diagramof a nedia storage device according to t
present invention. Figure 4 illustrates a register file within the

i sochronous data pipe. Figure 5 illustrates a register file wthin the

i sochronous data pi pe sequencer DETAI LED DESCRI PTI C]\l OF THE PREFERRED
EMBODI MENT: 10, A ne devigce [ i,nvention includes an
enbedded dat aPF{Tt & CP‘BP“ dﬂ?%?ycrs R(C?atdgtaaf}so |etf' °F ‘3011? ékrm?/vres SRS t he

medi a st or age dieetly omble by mgwdorfat cnmpuhe Thsdmpalssomtlargw thiie pioblem iPtoeWsite abl v,

t his enbedded gr anmabl e
and will mani p@a@gggéfﬁ“gge r§gr?ﬂaﬂgt§:g$§rn8ﬂ%ﬁ%eﬂﬁ&€ng?éogﬁ ééﬁ%ﬁ e%fﬁ?rgﬁl?he pr oper
format. The i geredsery dota saginulationitp ransform therdate ae o fsmaigihichnie gsefud to ethes

appropri age 1§pmmeﬁ;glr&p§y myp&gbng%ﬁf,ﬁé}l controller which is controlling
t he nedi a storage devi ce. ternatl vely he i sochyonous data ﬂ pe |ncI udes

fixed firmare forWVisisesededige ]I‘Féméﬂﬁ’l‘cﬁmhfcgtc@”??a‘lﬁ diqmanipylgte th
storage device cmsﬁxhertdaacemtwdﬁﬁ@ht idqhiiearby @fpents&ﬁl @haLNér JtivY a8VideO mzﬁaai@es

advant age of the central f.th stora eyice in the

comuni cat i on}‘ﬁg‘ercf&f d 392 [Bg gﬁv“’fdﬁ'&g‘a ezﬁ%ol %Hﬂugﬁeltge %a&/fl?%g PESEeh per sonal
conput er Wi t hicompaurter d&sde it 9derh@Ofeqeed bph cinsenarelevimnic. devibe enbedded filter
withint medi a storage device adds the ability to filter data inside the
medi a storage device as it is being witten to the nedia storage device or
read from the SEMMARYOF HILINMENIEEON: The nmedi a storage device with enbedded

filter can also bey yRgd s{osagé uévtcenncﬁldatah%mdaéd gk for neM@maﬁJg dnfVerselat a i s not
being witten to or read from 25 the nedi a storq?gfné evi ce thJen t he nedi a
f

storage devi célock pasedsstasanrd dlatp jas fhéY arg,Wrifter i of £ the @Tq‘aeﬁ?ﬁ‘%? Wk a into a
proper for mat Th@rneduh etoﬂgaa/d@ee il #lkv xﬁzhnﬁuh& sttedn® off datal iwhiels tre chot wmiemﬂehe
control ext contro I|n ev e e I i ng
CONMUNi ¢ %I onde ¢, r8a onagmﬁs e%;g s o(rf A e/éce eﬁabib‘sthe %mbegcﬁem‘}lltgx’ wxb 1 gle meer 2 nal
conputeer, the sergeddid if anl isahrongus lclatmp@@wmhlewdie@wa!e@mraag@ddm@enw |

mani pul at e thg3g &gg%@f StdiRPshal \A%\Jfaia%usaﬁﬁ%r 4RHa L QIR o hObReAmBkPer

format for the per, nput er. he communi cati ons are read by the
per sonal conpéﬂSEFCthFSdmf‘tah@n?ré’G?fﬁmitﬁcbW‘&g@e Biverekclogkn Alematingls st i ons wi l |

tT Een be in It hsoctRonousl @ata) +y1na9&2 ﬁ%qummfeq&rrmiforhMg t]gl&]@tpﬁ@ﬁaema! Clorm_ut er. f
e persqnal co n ave, t.0 perfo ny rt.her 1 ion o
the commffi caf¥ aﬁ‘“f‘fs\Mrr 'F’e‘{‘)aos“ﬁfglel devige 'gﬁlé?ﬁ’r g}aﬁléc?g‘ép!egrt?/ an }E@J@%é@ér y, the
conmuni cat i onseriabhbusastrsaurbe Asstreagps bdachraresived byl theinmedialstordgh devieehiadated il ter

when they are yifidghelaliolosuBRtl oF dita QhPBmAIaRE RY o bitreRPRARRBY uROMPU of

embedded filter before they are stored on the media within the media storage device. As
streams of data are being transmitted from the media storage device during a read

25 operation, those streams of data can be manipulated into a different format by the
embedded filter before they are transmitted onto the IEEE 1394-1995 serial bus structure.
In both instances, the universal clock can be used to synchronize the data streams. The
media storage device will also utilize the embedded filter to manipulate streams of data
being transmitted between two other devices on the IEEE 1394-1995 serial bus structure.
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5 sanme manner, comuni cations fromthe personal conputer to a consuner
devi ce can be mani pulated into the proper format for the consuner device by
t he enbedded filter. A nedia storage device according to the present
invention is illustrated in Figure 3. The nedi a storage devicelgﬁﬂiaﬁbydes
an | EEE 1394-1995 serial bus interface circuit 32 for sending y

communi cations to and receiving communications from other devices coupled
to 10 the | EEE 139kherefom, sea¢eardapes withtone mrpectpkthisingertipne thera I@mr@vxggf) as

coupled to an d filter 42..Preferabl enb d fidter 42 is an
S onhy onous AUPRE e e eiied it §raP ek MR B IBHAEMSA 1o Fluplifie S
control | er 34ethdidevivek ffex receiningQind @fansrhitiing sirénscOUdite dirk@ed tdRA\esihationl t o
a read/wite channel circuit 38. The read/wite channel circuit 38 is

coupl ed to medfviceache diligringnderdes cpapEsisEed dPrtrAl ncirqidt gerfigured dp algecivevi ce
15 44. The r | j i 0 t QNS on
Lhe medi o 240, EUtFiohE HONF AR Srchidl ot 6P Rbfirid WerhO6A U MRGH 3 hiAgS ©
t he medi a 40.foAnaastaseaald formitrootegrondingits tieodeptigdiohalevite; mdtesidrigulatihg er
42 for controlling the manﬂ pul at Lo,n of .data,streans and to the buffer
control I er 34YH OBRIEA &9 feriepriraniTamifopmaniripineaerdied tpamiet fat 8 the. 20
During a witgpR&hat 't&@nén?gglﬂzﬁ@d R of QAR Gﬁ@@e&@nd‘%rm%?%céo’?ﬁﬁgjté%é 1995
serial bus interface circuit 32 receives a streamof data fromt | EEE
1394- 1995 serinstrudtioss within thetentfdcacat.rcuit 32 then forwards this data to

t he enbedded filt 42. The enbedded filter 42 difies t data, byte by
byte. a5 Doec 11 i oPHENG: SUR vt HSETREL TS M gRiarhdbesk b phayided a
control I er 46mediRGtdrafe/\d il ddngridneb: fah SakeffadAcikii 108 révelVifs a GRBAH Vfldata, 34-
The 25 buffer controllTer 34 then stores this nodified data tenporarily in a
buf fer in thethgaly Jermipganteceived sizepmvof datac Aachaksd fof trensmit@® & snapipulated| e,
the buffer coptroll 34 r t dat,a from .RAM 36 and farwards it to
the readwr it ol eyt GRAR Gt RResd AR RS Heribe A0 o IR SEobi o,
wites the datcupkdito thbenteHieaciddhit Bearaspulathegy trbecdes firdanebf 43taiisito a

progranmmabl e, the data can be manipul ated during a wite operation, during
a read 30%perradstermiped Jormatgagrerdingy tor @rogammed Jinstsugtions ofsscives frorg anr ead

one om0 RSO ety S SR g

t he medi a 40 ann circuit S strea ata is
forwarded -6 contOl dindut QAPRdhty thdElterdmgéivauit for cheautieg peograminied 3Bsttuotiolss
buffer controll er%q;i?. The buffgr corhterol l er, 34 then stores this. data
tenporarily iKCHved Fom &t exgmebrontplichrepgtflinggnanigilating the egeivadslicans 95
serial bus indaegfr@&ﬁleqﬁg%mte@gtréa%@f/@&{té_abl e, the buffer controller 34
reads the data fromthe RAM 36 and forwards it to the enbedded filter 42.
| f the erdfedded filntascomdangeswith grihermasperttod tamnysotion.cherqds dksp Previdedam

forwarded to THE0H BEsing, BhESRIPHL RGER LB BMISe Ml g LRBvpE
1394-199S serpagketbefsddtante bé aafttedi toah inedr $tbege fdevivet mahipaladag ahafeoived Nng

to the requirenents_of the | EEE | 394-199S standard and transmts this data
to the appropPacketeolydatn accendingeln pragrayped dpgructens programmods hyean gKtepiad. 10

The enbedded {inbtAte 4ortdy Risthitd's AEHbASHPatER SIoe Sufeifl ik M e

i nvention can be uséd to ‘mani pulate a stre a'being wittenm to or
read frord& hepavketi & dbfa hdshe ddtdoad denn thant the rd@ivedrpaakaofiatay sed staving the
mani pul ate a st r.ea]rT gf at a Bei nﬁ trang.m' t.ted bet \/ﬁen two devices on the
| EEE 1394- 19982RBPRALE PREECt o fUA OO iBedip 1D e ehSPBeBACYIELd from t he
nedi a 40. During spCiicaflafRewhiyeha fhﬁl@er%ﬁ&@'@f@ﬁis dadcatibs, therfesik \pRekhiByd & he
15 interface circuit 32 and forwarded to the enbedded filter 42. The

embedded fi | tmethag of edingedaigplipmteemedinistoragst device compriniget wadingngpevgrdymed

function and forwards,t data to the ffer ntroller 34, T ffer
toncr or1 or 3 PR Fadies bESad ol 4 meblBSvith ML pERdthae e arl Befighlafthe
W thin tss RAN: 3Brevidielybutdred pahbt Afl @atadsheédiingr eadproghinsmeld@t mstri@ink he

programmed by an external controller thereby forming a manipulated packet of data,

wherein the manipulated packet of data has a different form than the previously stored

packet of data.
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RAM 36 and forwards it to the enbedded filter 42. If the enbedded filter
42 is also 20 progranmed to mani pul ate the data stream before it is
retransmtted, then this manipulation is performed and the dat@Jilg 2002
forwarded to the | EEE 1394- 1995 serial bus interface circuit 32. The
interface circuit 32 then retransmts the mani pul ated data onto the | EEE
1394 1995 serial bus structure. The enbedded filter 42 is preferably

programed byghfigr prkeRIPHONUN ﬁgblmv&@N@§ 25 mani pul ate streans of data
received by of To be transmited by the nedia stor@e devi ce 44.

Alternatively, theFigunddiutrates ppetocebstackdefierddyithg Bl H 13 uiape stodard,
performng the appﬁlg@fe'ﬂ‘ilﬁsm%ﬁaw&hl OfAth Ofmﬁeﬂ@aqg@&iev ekl E%{e ‘%ﬁ; rGAn be
programed to mani pil ate streans dita on th he way I nto e Ia storage
devi ce and on the Kiayre duilusifates héqubdlaarasmfraaggim@waeedems aawrd;xantpthe of the
utili zatlson Oéregel?l‘?m% (Eded filter 42 within an | EEE 30 1394-1995 seri al
bus network, Stre data being witten to the nmedia storage device from
any devi ce on the Figtradyiliusates atdgidie fflowithinttedisochtopows datarmipe.f or rat when
they are stored on.the 4 t ad fromthe nedia 40
for transnission tnl(::)gae S %‘affsgre%%gn%gﬁﬁflgﬁﬁ flochf é‘%‘?%@‘a RRat* U can be
mani pul ated by the enbedded alter 42 into an approprl ate format for the
particul ar de Pﬁﬁ% nt be used in
speci al cases}5 é(ﬁﬂﬁi@ﬁbgﬁﬁ‘?ﬁ? %QE@MVI ce to a second
devi ce ol t he | EEEALB&GHa $tQage deeice af tliaqmes&ttnmntwménclﬁdet\an ehebezrdiecbédaailnen/e t he
enbedded filter 42 . s  preferahly an. isochron dat

er nbadi ment o?or filigripg Sgtﬁ F?)ﬁd'ﬁ?thgra‘fvg“% tﬁgglﬁﬂecfasm?rg%egﬁetvpcie ETdép "P?ﬂeerﬂ?

Appl i cation Setbiagk démé)elrrefa&b@lﬂuss’&zaqeddadldad fider N&ndmﬂmm&ﬁ%arm which id

| SOCHRONOUS DATA PI PE F AND MANPULATI SPEED TREAM OF

| SOOI - | SOCH Oﬁc){)/{lrA Np‘g '\{? eﬁ% &RFEB‘ ‘R“’BUS proper

STRUCTURE. " Th&mhat UClhdJiﬂmuﬁloﬁb&Ia& MhoOR p‘ﬂéferhlﬂy ProRnedebl @e apstomidid execute a
serises of instruction an a str ge in ohder toqperform

mani pul atd ons “’t?ﬁ‘pf‘]f‘i'lém&aﬁyaﬁna%‘teff@gﬁﬁ“f'@ Tt “B’i i§ eentsolfing shg medip stoppge deviccopri at e
format. The i aaeha@ndhdBbéchrdpbikedath’pisainclades fixed fidnwae férgRrivRmbpdleat € bot h

asynchronous a ud lsochro\r‘]vus data. 15 for each quadl et of data
transferred, PPRECFEEHAYRYHO at a pi pe 42 executes a pradet enm ned nunber

of instructions tOTH et s@tape Héigeedditinthd SmbeIdes il of tHeqitestMEInvedEiGh VRes
format into the receiving for en convertln data, the, |sochronous
data pipe 42 épepkeeel %%‘&@h%&%‘ﬁ%fm@* sigraes, devictdp

i sochr ongys d@givelt Béhsfimet d%%&&rﬁé ar&u@s aﬁ@ﬂp@mmo& e RRfin @b IEBEtlrzwww on
each Quadlet in order to manipule he data, as, necessary

i sochronous d&tripl Brpeetworkg|Thg °F‘H‘E,qdﬁ‘éi ggera‘ﬁ“!“hﬁ'é B@ﬁ@éFﬂ'agcd’éH'F% é@‘@(}her ahilitter

file 48. The inxeCHAPRRIS tdAhaliPiRBoc devict a8 AK b RkdIAD R mbdisl Si3RIRE aBice
dedi cated register . file, as illustrated in _Figure 4. This reqister file

i s progr anmed 9byead fronk the apediy stareastderics- o Thupedip soiagedevics Withrsphsddedefilten sanyat o
Rowi ng t hr oughsh b8 us&OeHIRP R YeeahlPdfAlatal ERE it dAB ikivt BEIRE WA to diRad ?rG!nSt er
file 180 preferably occludes 120 bytes of data, nunbered hexadeci nall

t hrough 2%. | ithermedip storpge demicer egi ster file 1 BOis illustrated in a tabl e
format with 30 horyzaa @l rﬁe‘&ﬁoré‘g%%wb@%é@ﬁﬁ%@deﬁ%er Qi Ex%.m?&lat@aats%eauﬁ‘%f

of fset colum 182 is included in.” Figure 4, to show the offset of

begi nni ng byt datarintezciropesvierimabfer theedexigel foewkiclythe idpta ihdigsictedi wngenthetchutrol of

register file ol ;‘.a“ﬁﬁ i nluﬂlg] how
whgt her the fltﬂﬁg‘%sterﬁ% cggtgﬂmréo%gggn g(ram]gl er v?lglgc%ltaﬁr om an é\kf??%tféﬁn?o or

read franc onlognsumgedevice which are to be used by a personal computer, the embedded filter within

30 the media storage device will manipulate those communications from the received format
into a proper format for the personal computer. When the communications are read by the

personal computer from the media storage device, the communications will then be in the
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10 July 2002 The cycle tine field cycle time is a twenty bit field within
bytes 0-2 of the register file 180. The cycle tinme field can be read from
and witten to. Wwen the control event field, which will be diggussee
bel-ow, contains the cycle nunber value, the cycle tine field holdS the
cycle tinme on which the channel mask field will be | oaded fromthe pending
5 channel nmask field as described below. The control field is a thirty-two
bit field within bytes 4-7 of the register file 180. The control field can
be read from and itt?nto controjgrflel |ncludes1 an. event Feld an
out put enabl e PFIPEH 1grmag %f@@eﬁ?f’a pogptet. | hepersonal compuier willnot have 19 PEioFM and a
go field. The agyfitherfmaipdlatich of tHeawmmbhitatibhseih drdentolititiz: tBén dslneodssaherrcont r ol
register. The value in the 10.eyent I j he. b vent .far the

i sochronous daf& prp h’ (ﬂmfmmcatwn! %’ aéllsf tbr% ngdngﬁlfaee E%\h det"?eﬁgy g%ﬁrgbeék\i/egnt
occurs, the |sﬁrltethwlmndus agkareal fpmpéle@@dltarstaraﬂ davice by ehe\paiseral gimpued Inrthd he
pendi ng cBannel, JRgites ERRARLIAS B EloBSinh: [E iUl Alvidharae! mask

register ch he event IS enco he possi bl e bus events as

illustrated i mapipplpied intgybe waperfm\_for the gonspmey Seviesrahe pridediient el yicycl e

nunber 2r eser ved3r eg @leyg dtbragé e&ﬁ:@\é&drdmas &qu,fe@em Mamo@xs\m&s&ae@ﬁ wd® O is
witten to the event field by t ernal 5 the i sochronous

data pi pe wi | IThe Fedia Ftﬁ’f‘?é?jileé(t"él“@“’t"?lﬁﬁsaf‘é? K W%g?suﬁn?lr]i’“i fesriagsirpmt ¥ B98ndi ng
register to t haadmhaa:ﬁﬂhmmsﬂc t6 egi étebiing cdennitienselvenn bthéd delidesholplia & val ue

equal tO ’ fE?B‘i?%ﬂb‘Bﬁ%ergF‘#ua thwEﬁ( thgnxﬁirﬁge cutcklﬁﬁ/falc la)ledr{ot he channels

pendi ng reglster nmed cycle tine,
as descri bed aimbedded fﬂltﬁe4buf’p£¢tabb'n&lbleeb¢dd@| fajter 42 i afl(mphrmovs dateepipk. i Thebi ts 4-7

of the contr O'emi:&dale&’ﬁlte\‘\h% e%G,Med3t9 a%ffér%mFHnEnSM' Mk fBﬁffé?léBMhereﬁ%PLlS‘o field

are set to a logical high value, then the corres ond| ng DVA channel w |
assure that tiseurlgdsea ?%mﬁéﬁﬁf?ag/“ﬁ’é?p‘{haﬁ”ﬁll qircuit g8. ( The rqag/wrije 9"%02 The stop

on error fiel dirtifit B i9B&pll to ri)bcfiﬂ £ dnwhitd daﬁa xef;trxtehlwﬁlﬁmner@éd,a‘ dtethgd. demcliben t he
stop on error a loqlc val ue, the 1so ata pipe
2o i T G500 e Tt endite RPN B popie Y PP o AR I RO e

setting the vahdiglingnedilng dath &omehe medik40 ogiveitieg data)toabé medic 40, Ammtuﬂdlue

Possi bl e err 0l W18NUGSE LAY (o Bnbedfdifie: £ ﬂﬁmu&nggﬁla Bl 3¢ B2 NG

cycle start en recelvin
overrun, a m §§¢aﬁg apd) tol the uffer ?Onbdl?ké‘! for gorgralling Ma@r‘f*’fé)‘f’ opesgtiont tedke | n packet
format or a chglpe, m ssing error. The transmt enable field is a one bit

field in hit 1 of the control fleld Wien the fransm:t le bit is set to
a | ogi cal? %hl gh val beineaeie aereaies ol medit stores %“&f’z?‘wﬂm IEEES?%@& &8k ut i ng
t he out put coris DterfadeQirtuiP30@teivs a Wifoam of deta ombhe IEEE 1a94- 095 egiaCials. Mhev val ue
or the output ;60 a;[c% %'rcuﬁta.? bifen F&fr&%d?@ BB GH I8 SmBeda& HileP 43 Nhd HGLARM el NE

transmt enable
42 modifies the data, byte by byte, as specified by the programmed instructions from the

external controller 46, and forwards the modified data to the buffer controller 34. The

25 buffer controller 34 then stores this modified data temporarily in a buffer in the RAM 36.
When the read/write channel circuit 38 is available, the buffer controller 34 reads the data
from the RAM 36 and forwards it to the read/write channel circuit 38. The read/write
channel circuit 38 then writes the data onto the media 40. Because the embedded filter 42

is programmable, the data can be manipulated during a write operation, during a read
30 operation or during both write and read operations.
During a read operation from the media storage device 44, a stream of data is read

from the media 40 by the read/write channel circuit 38. This stream of data is forwarded

-6 -



The-go field is a one bit field in bit O of the control field. The
application sets the go bit to a logical high value to enable the

i sochronous data pipe to watch for an event. 15 Wien the speciige 2euznt
condition is satisfied, the isochronous data pipe 42 transfers the contents
of the pending channel mask register to the current channel mask register.
The status fieldis athirty-two bit field wwthin bytes 8-B of the register

file 180. Thebpiad M&d/‘ivh@cﬂarﬁ)arblheltBe&dt}{eﬂﬂffbxaﬂﬁiterrBﬁeﬂ‘hE Guffd@nedIRE 95
field contains status |information which

epo state_of the
i sochr onous dHtea sprgsehiy sata teppoprily Iy eir gf&f?rh‘é }éﬁ&iq? ‘éfhan telFe8 pond to

the bits 0-7 @fo4 ®sceidina midrﬁwc@m 3b fi§h¢éﬂ€ol@ﬂh@bﬂff&lbor{tbﬂbﬂ34 Ra&lAP IR
error field, a transmt enable field and an actjve The val ue of

these fiel ds #Hm e RéyMphand 8@%@%9 9 Hyi feé’@édeérfét%ﬁ% r B”rfbc erplidded Bltrad24t at e
of the isochr %fb%%h’imﬁ‘&itt% inRRilaft2he TS s@éahﬁd&nya @&1 Patidh achusnénip%la@lo@fs

reserved. Wthin the status field, the active is aone bit field in

bit 0 of the serferosdppdihg daigrs Ervarded @db%@%é%%elﬁ%ﬁer%bwt ‘ﬁ@ffﬁ‘@d‘elﬁwb%ys
data 25 pipe irfe FELE {Go4-ROSTEIABLYintclhcd ARUAGHINA tBinkard the Al Abcoldingo| 0! CA

hi gh value, the isochronous data pipe is currently active and transferring
data. |f the zsmiremenss of the [IFguA194t19%% stenrdprd and trappmipnthisedata fedhq appedpristaous

data pipe is nak. LU fSRLd %eﬁﬁ‘gllﬁ%e-ﬁ%he &sI Rialfgue! d is a four bit field in

bits 28-31 of the status i sochronous data pipe 42 halts
oper ati oh0 due t o alheemadded filter 42 mathirf the mediagtaragerdevige %Pﬁélemmsmamemgmt he

error conditi iy pT08eSS baiplieldyban 3PaRRbUeY Shith WENE FoRSld NEsDIS, 1S

equal to a loglica 0SSl Iues e error eId
the errors toThh |emlbeddaéﬁltcro42r<@a pbndbe ases tojneanémplatena Elta:bmeof Idatadwirxgvtxansrmaed 10

July 2002 TABBE[[\Jeextg@lﬁ’ eyif3L Er rlﬁé}g%@léﬁ) %{M%%@Rgé‘%gﬁ%@gg i kg cyel e

start packet3 error rror I'n"pac or mat annel mask
high field pemwdrfgomhuenne;lﬁam li)\grn@ suctuan bgemimfu the dtreaimt ¢fi databiy ressiv@Db2the of

th f. 180. G f gl Kk
tosi S o Fhor BpEeer i o R SR GRS | rfl SRR fi 89 RS
Toget her, the rﬁam:ulmsdhxm dats haoriilg tagicefroghmimed mdiiongandHforversds theé dana thd

pendi ng ch mask yte fie cont ai ni.n

i sochr onous cz’é{ﬁlﬁr ﬁf’}ﬂ%g?‘ %%uft&ﬁ téoéié’ﬁ?%ﬁhgﬂste%%’ a”thtBreng‘fgﬂ‘?“&'éréi’ve.
The isochr onowtrcxdat tuffer pithid2hd RANS3IEr Bhet huffec omttehers3dothert feads dnsellael fiom thhe
channel mask rge ter en the pro g event..o e bi t

assi gnnent of Sé’r‘?ﬂ Ay a@ﬁétr}ﬂglf %ﬁbseggg‘%d@i ? ?{‘R g?ggecgﬁﬂfrh‘g B

assi gnmeno of pi-d'g@axﬁllﬁwtbahﬁulﬂl‘vzﬁd thaldhe stragm béfere id frethememitted Clhﬁpﬂlisrmzﬁi;ghhomf
the | EEE 20 1394- 995 st rd. The mask
IS a four BypuTmE S frhis sl 3 B TR 08 Sal bl e i e
current channsb. mﬁkn&muefcirahmmmernmnmﬂtsltse matfipulatedgdte ofito ehedIBBEL 1304+ byt es
2C-2F of the r(;%s%&bfl | e 180. Together, the two current channel nask

fields ch masK HEE% t o form an ei ght byte field containing the
channel 25 mask cumheembadded\ﬁmemaﬁ preferabld plogameded hyttheréxitdrhal cofevliendd ent

Fi'el d i s 3nl y ERIA PO EhP DRIt RE AR eY P T T e g

event occurs. ﬂi&!i‘ndtﬁ\él\lg fﬂ)@&ﬁb@iddﬁﬁl@ermnﬁcl&ﬁs Ifﬂéﬂ)ﬁﬁ@na’ret‘(ﬁlpéﬂ‘drmmg)ﬁ)br onous
channel nunbers for

ich the cg\rresgggld#ﬁg %;n E?Ft he current cha neI mask
field is set tBPEPiggmagpulatiopsy Jihgem SR OF PEREH RS, foJpaninuiaty
output is a ongefs 6f (idtdi‘&rfithg\"\alaiﬂ liflo Bnét Reddd stoifagd Bvide Rl Sh e Way &t b8bhe rﬁ@ﬁﬂ:

control store output field CS output contains the control sto -11
storage device. As an example of the utilization of the embedded filter 42 w1thm an IEEE

30 1394-1995 serial bus network, streams of data being written to the media storage device
from any device on the network can all be formatted into a first format when they are

stored on the media 40. Then when data is read from the media 40 for transmission to a

-7 -



10 _July 2002 address within the control store nenory, to which the

i sochronous data pipe 42 dispatches when transmtting is enabled. The
control store menory contains instructions used by the i sochrl6doly2082t a
pipe in performng its operations on a stream of data. The control store

cycle start address field CS addr te fi within 5 byte 37
of the regi st &5Hiag dder, thFﬁé"“éc?ﬁ?_% @Egi’aaﬁ( ﬁdﬁ%qdﬁlﬁzaﬂtﬂrmcs

(t; ont alh ns \tAﬂe %Eﬁobﬁam&mfaefadm ?ﬁ-ﬁcxﬂﬂ duhibahAameonaslgcdaé RfBedled Fitar 4213 #A be
ranches en t

cle start i S receive first uad
avai | abl o 1o CHEY EOETS eGP SBIBLT S HEs OF o Fuy* Gk grate B PHRtdyere
start packet. Maq;mqt;q@4-pgggrsenﬁdﬂgmnﬁgel ds CS addr 0 through CS addr 63
are each agne byte fields _w.thin 8 throu’qh 77 of the register file

180. 10 TRese fi el d\s deoeribsd ﬁb@%thedm ed filtst &2 wpsfembly angreshippeyselatarpe.

I sochronous daj @rdpie deShddfindd 2062 1&8@%n6&%ta\@1ﬁt94ﬂﬁtt§’ugﬁf‘mtlbs pa@ghr onous
channel matching the byte nunber of the control” store address field. For

exanmpl e, the cdplicationstesiabNumborcl<612;38R filedson Mgreh1h 188 end siditledhe address in
the control st %éeﬁﬁ%ﬁﬁ)@@m{ﬁ@ﬁh@%@ﬂmk@lﬂ%%’m wwmcsumﬁun.

rece|V|ng data on the isochronous channel nunber I sochronous dat a

pi pe ignores 1%PEED SWBEé—M SFISOCERONNRVE DAA %OWﬁh%E'EWEEstﬁsﬁndl ng val ue

n the coplrol ssbacaRE% £8P A BUListrUeRURE." | fndTibohrdb bl ppBALGHI 1Y 1O 8
control store ad ress specl n elrther the contro re cycle start
address field ﬂsgmmab@sndmumec@fe % $reicg ohinstoictionsomes sirpgmenfglatajiplonfisr ©S addr
0 th h CS addgr. I
throug B8 InantRatioR O Q%%%&SM%WW@?%S %ﬁﬁw %lnfﬁgﬁéte 8R0kS ©

store address until It encoun ers a retufn rnstruction

i sochronous dafke ﬁ@clmms dats pipatd@resn de petgranmmed to tmanipiatmboth Beynilyoushs endus
data pipe e'thgﬁcbé&{oﬁgﬁét to the idle state if transmtting was not

previ ously ena 8f ‘Tt returns to the | ocation in the transmt control
store prolr am wher efdrteastaquagiet of dato tradséened stha isothronbue daa gipe 42i exequtes aur

i al hr hanpel s, 0- 63.. | ds Cs
Badr 0 ¢ hr oughPCeNRH O ERL A BaFepR SRR mf b5 BEGRER D )

contai n the adewessl fomatatocthe tecsivingtfomet.nhen gowaging &heﬂ:emhmmusdm for

t hat i sochronoys n A t 43 pi pe
42 receives daPia’eog e‘%{’ﬁ %a‘fq'a?ual&égéﬂéagnou%pa{\%%% ?ﬁ %@gﬁgg us “dat a
pi pe 42 branc hp&fdmswmogddmeus nomhtraif esttuctions hmemhrque@ptandxdvg tc matipglite

For that hannel of ERRRRENT TaTrcRhOu i 1P D BRIAN & mBBhBi (7.5

in the control dedxm&imgidﬂeeﬁtedf& eld is equal to FFh are ignored, as are
channel s correspondi.ng. i n_th regl ch
are equal to zero. %%F%%é%‘%? dﬁ%B@ﬁ?’&ﬁgJ‘éﬁ%‘fﬁwgpﬁdﬁé%ﬂ' &8%%5{8 3\‘Qltnl”(k')re
i sochr onous cheﬁh&;aﬁ Hlusifited inlPigure #0 Thid segiR@Oflel is proigranmmadsbydiht axtpmplecod@oller
recei ves |soch S annels,fo the, c b i.n

current channel g h‘@ péﬂaéeé{h ngéagpq t&‘&ﬂ?‘%‘ﬁg’éﬁg‘!?%"ﬂg“s df#?em?%%ﬂ;ﬁfonous
data pi pe2&2 trnamm-gt Snﬁﬁghfeﬁﬁmﬁoct&éﬁrablgdﬁdiﬁﬂeﬂgm bytemfdamhumberﬁ ore
program begi nni.n t he_contr.o, e addfess e in
t he control &Fg“ é’ %)7utlt'"r0§é§‘f1§?’e %‘fe{ﬁf Zg% r‘g’r‘i%rﬂ? %lb pe 42
is actually a [§7307ee wmblmnsﬁmemgream&bdﬁgfoubmf ofdaanng oﬁietpelnfnﬁrm
operations on th cej ved stream of  daja e, soghronous data e
sequencer conté?ﬁ'@f“ge’f@gﬁ%‘frérd‘ﬂ watgeP#fT ﬁgg&‘ﬁg’éfﬂmﬁ?ﬁ% E W/\%t"% “t he
regi ster file XkAfresstdfahd baphdingdl of thakagiter Gl FB0CrA kdublivirike eolﬁ:hnrlseytsfalnor bi t
regi ster th ~ register code, of g whi ch, can o urce.register.
The ©rmedilc o oSG R ot Shehihe Bedt i h b TRE BT oY 4 NrE 5 o
imredi ate fiel qeglf frdrhA@niynSt ructi on contains the source data for the given
operation. The bus input register BUS INis a thirty-two bit register with
a register code of "1" which can only be a source register. Accessing the
bus input register BUS IN as a source of an gperation cl ocks one quadl et of
data through the isochronous data pipe 42. 15 Subsequent accesses to the
bus i nput register BUS I N access subsequent quadlets of data in the input
data stream




The- bus out put register BUS QUT is a thirty-four bit register with a

regi ster code of "2" which can only be a destination register. Accessing
the bus output register BUS QUT as a destination of an operati®lghogks one
guadl et of data through the 20 i sochronous data pipe 42. Subsequent
accesses to the bus output register BUS OUT cl ock subsequent quadl ets of
data in the output data stream -The data registers DO D7 are each

t hirt y- four bit repieSdyeleSin fidld @ydl@gﬂnﬁ:t@ﬁ tABEbi0 Field AVithin Bytes 0-B of the fegister3”
"9") "A" and "B", respectively which can be either a sgurce or destlnation

regi ster. Thefl§at8- rdicyele figmepiipldranchereaseirom apd waitiemio. Whancthe entigbevephat i on

25 register fggdanticRpen at u&&;ssaihfadiatcanmm @k fc?&@m'ixﬁlﬂi'r %1@5 Sh@é}m théDféEé\ 3
are each thlrty-tvvo bit registers with a regl ster _code of 2"

and "13", reshigt thgepgle tigsi wniigh thsehamelipgsk dieldopiilichs leedeéiérgm thapwmg

regi ster 5 Eacthaghel trhgk @idfdcasi deb@ibER6Qow.e0i St ers DATA 0- DATA 3 access a
different DMA channel. Use of these reqgisters is to be consistent with the

progranmi ng of 30 Theecogtiplofiald isrmthitgy-mo l‘cﬁwlt@&tby@ﬁ“ Tofethg xegistsr Sisol8d- dat a
pi pe 42 i mpl efRNEGR] RLIBGYN BRARA YRnPindBwitleR §4T Thé §Jnu‘af i Qf&tud%ﬁl Qe

regi sters. The stack registers are only accessed duri n%

subroutine - 18eld, apoygptyenatde ficlina stemer ewor Sk adrangmiy epeblerfisld ansha gmﬁelﬁn t he
preferred embafl BRAL 68k i ReRHRIRAL in (Y ORG! QP A{]etéaﬁtmitr@ggéi ! L ILRE B & ST
each have a respective regi ster address ternati he act ual
nunber off0 st aevent ﬁgldsit:ﬁm thd bus evamtyforidp ésncirongup data hige §%é<1:u5fe|a@ a trlgger

i npl enentatio I st a 0| nt er
o aut omat i ca Tt iy phoeeBCRHS o8 HBhRaRLeBLERLL S BRIGTme vafRe SRG T B 0
corr espondi ngpmdaxgkchamgl siagk re@Bter YWding{®¢thempskdo ltheoevogst odiatnal paqkeregfis’rlexbr anc hes
to a subroutig he 4

next control & ’matsk Th%gﬁ%{?gglilsser%%g&i% ngﬁg 03%1? 19{ T(nttredlﬁllgs?ratgé ﬂabegents
t he val ue of bédewstack poi nter, then branches to the control store
instructjon contained in the |ow order byte of the source field. Wen the

i sochronous data 10 pipe 42 executes a return instruction, it decrenents
the stack pointer, then branches to the BitEDbl store instruction contained
in the current stack register. g Stack pornter 15 dgcrenented when it
contains a value equal to zer al ue ofmFﬁE“%tack pdi nter will remain
at zero and the isochronous d§ U operatfion until it
receives an isochronous data ja i : oF When t he

i sochronous data pipe is execyti ng 13 98l Rithiyt control gtore programand a
cycle start packet or enabl ed [rsochrgrotus—ehanmel—rs—recq ved) the

i sochron¥us data pips 42 wll [i nt2rrypesemgécuti on of the fout put control
store program save the addregs o thees%}énéent instructidn in the stack,
decrenent the stack pointer ard-then d ch-to-the—proder location to
handl e the received packet. Egchd4imsog héseﬁedjs control i nstruction

i ncl udes an pCode field, a s field, an

i medi ate value field, an immediate fiel d and a reserved field. The OpCode
field is a siTherefors,ivdien aalugliequn ¢e Piibwsttenrto dhrervanti fighd bioarpextaranl eentrobier
source fqgeld J r

i medi at ieseval g{g V\% Oﬂo‘gsg&rﬁiaaﬁ hé “’fllhglegé%gd??g%ﬁg&% odr?es‘t/ e 1§Qféez¢|£ gpendmg
oper ati on. Theegiseritp ithet dhanne} maskiregisisr. Whemthe guent [field HolcbladfaMWQlllalﬁcpbdhm es a

destination r [ field
251 vl i 6 e e el RAE G iR PR i RERE & i XA
specifies t hamadnaegmtertoheha)pegxanntsadlcsclgamt:,aasnied:rub@d abioge. i rmedi ate field. The
| mediate field imp| Sut autte%blé %‘qugaf&irtbitgie%tﬂ RS o SREE Ft?exé‘”w  ate
val ue to use for an ope HFChe Tmredi evaluefledl nm Val et
to a | ogdkal bhidgr bxtaluudw duxput lgabjer fidld areasel te atlogicanbizgh vakue,tthen the e&eaapondmg

[ ti | d l,udes t hi Le whi ch df
usein ol it er niPuRIBesEEu e SR RRoPRL SRR BU'a oi pe 20, The

operation codes which are inplenmented by the preferred enbodi ment of the
i sochronous data pi pe sequencer during nani pul ati on of a data stream and
can be included - 14 -9.

St or




10 July 2002 in the (pCode field are listed in Table Il below. The

i sochronous data pipe 42 will store the results for any of these operations
into any register which is capable of being a destination, asjgllyapsated
in-Figure 5, including the data registers DO D7 and any DVA channel which
is configured as a destination. TABLE Il 10 15 20

NanmeMhenoni cVal ueFunct i on( HEX) MOVEMOVEOnDves val ue msrc register to dest
regi st er MOVEI MOVEMOVEMLmoves a bl ock of quadl ets between the source and

destinati onMul tipl NDANDA4 he.src.re t he

i medi ate val ue orﬁﬂlﬁf?t‘?@ T B/ Of“hgl?hggt‘n Q&% g?‘%?‘m" ln%’li g’?‘@’stg‘f A& resul t
i nto thedest negiratbdriORORb Iagics] highwalueighd iochitveous rdata pipg U2 vl stopothe b@rent

i mredi at e vaIu e in 1he L Tedi t theresult
i nto thedest egr;@{g??lr‘ ngflféﬁ%h“’fi‘g‘gﬂ §9t§ ﬁ%“%‘g‘?ﬁaz&eﬁﬁ tqeﬁgg%?c&%lg? SR t he
i mredi at e val @é@*ﬂaFIﬁWOtalw h Bosgible\gerois wheh eendfpg; daty @g}il@taefiataamdersmw es the

result ingo t'ﬂﬁ@ﬁ?tcy&@gérﬁﬁa%!éet PosSibleicHbrs %EM:%&:Q@J&% ihdifael SRRYVARRUS data
pi peto shift ri he 1sochronous data pipe fi the input bitswth

zer os covaREQ\mea Y Sleagtarspackes 4 M%t@rm ett@f eraﬂﬁet hena& 81 fehapgel ¢ he
srcCMPI r egi st efissin@lerrstibt racts the value in the src register fromtheval ue

in the dest registgr, but does t stor ;. set bi t

according to the rﬁ?dﬁaf‘s“litfe ﬁ%ﬂ‘ré]gﬁtar% %ﬁtﬁﬁbk%%@ﬂhﬁsm\’}é’?hgg ﬁv}@? ter egi ster
to the i medi atmsnitadnotée bit 1stséte¢\gwal high valuedths isochegbsstdata piprdi2stilbbeggn t he
result ingthe T S | ue from
t he val ug in t e%ﬁtintg t@%ﬁt%u%dﬁyg r subtvwr;%ét%s;é gt%ﬁgqugla{}gﬁ?a'rl]%%vﬁ\g)’u% o

regi st er fromtheratpat wetwlrstwmozje's fexqcetef stetmn ingticianothe transtadt enablabit Willn t he
dentregister Mgg'gjeggg(l\/ULTAl\/UI tiplies the i mediate value by the value in the
srcMULTIregister, or multiples the value in the src register by the val uein
the dest register Q}?&Osﬁﬂﬁ'r'éé opRit fiedd thy bt § of theyeongldfield, Jliie aprlicaiion sefssthe 1
July 2002 10 IngDEFBE@N@-YEﬂA?a&Brt@mBlem ntobt&ommﬂdt@blpestowa&hafd%&s&tcont ai ned

in the i i el Branch .t.o the. co store ddre ned in
R S L e T N T e L e S

pr evi ousoper atcbentsefsheepudihg chammlemwmﬂtmsmmezermmm rtMr control
store address Contﬁleftt‘aﬂ,s'fgldtlbmrw%m,&l%lﬁ%m%ﬂes gp Bhﬁe %Eﬁt#cﬂe%ot“e dest

field fromthe previousoperati on was not equal to ze
TOBSR14Decr engit stemefidd sanbegerd frosy gndsgifen fon cThy dtafve §1gld svnteWesser ol | owi ng

][nslt (r]I E;%L I on _?_ﬁnﬁng%tgﬂ ?ﬁ’fhhr’éﬁd}tsbﬁead&ﬁ-&tfsiﬁteto@ﬂw%@lﬂ_&[o&éS&}t@ﬁﬁH? ned viehlozhe i mm
| e | e res (0] fi ram e rev
oper at i olrﬁgv_\:as Cgﬁg‘ e Uy EelhopmePont &° Q‘éﬁ’ﬁs @? ﬁgﬁ‘ ° e gh&%tﬂ“ﬁﬂ%‘l taﬁg’ktp‘ﬁdp H‘t er,

save t headdr esstopfontelrer fiadd, lagwahsngt énald¢ field bndoam motivet fivdl. SThaokluantihdse &eldht o t he

CS address co I, i I esult of
the dest fiel Hﬁﬁ Q{ZQ,? h%‘s%yg’\‘}t%gg‘qég’tée?‘é{"?%ﬁ V\/al?é%%‘gﬁr %@?@%&%@s ot l]J;i%4?O zero,
t hen decr enentThe biss &2 hekthpahtng figld arg sepervedn SYIRIOHE dlas Seldfthe pptive fﬁld W ng

instruction onyt b fish dE kit fOEMP sARE RS WG ifdRaRd WhaRS of AR ifREBrohds it 1 MM
fiel d17RETURNRET18Branch to the inst ructl on at i{{glc&lf%ghess cont ai ned on

t hest ack; %% ncridhsdhictiys ctrefergply, ‘ﬁgteﬁfte"te b ds gaypl tp Yelug e Spohemens| j st ed
in Table I, dataepipe xﬁﬁefemycdcudeddtxmfeﬁﬂ@rmm af the adtive/bit Is@gsal toldRgicaI sV NUC

i nstruction whj cifli he er at

conduct ed usi n&ﬁ‘f ??ﬁ@ %nta\%’le i 'R’?“r‘ﬁ’ fr??twa&lve ﬂgleh“s’rtéegc{;ts ﬁ“‘mﬁqf?t%‘ does
not incl ude arinbitd'28Yedfithe segustiield. Jgemahs isovhiogous dath pipe 2 tals topatative tlweton t he
values in the aﬁ%wr, ﬁ\eaeﬁgr ﬁe?ﬂdnaﬁ&'a%ué gﬁfoﬁ{n?g% erroP copfifibh, aTWlFr RAgiAtion is

perfornmed, the reglrster s In the source fie d src is
moved to ithe r@b’i \Sttlé Wh@pfb@ NUIVerﬁ jsreqeah o 411981‘&41 ey vadie. e gossibletvalugs for the
register specidioPfeth Bud H€e d%&yto%léhl thdyhost oddsar@hstéauﬁ trmé AWkloRi t register
and the register specifie n the destination field dest is a thirty-two
bit register, the high order two bits will be lost, If the register
specified in the source field src is athirty-tw bit register and the

regi ster 30 specified in the destinationpi.eld dent is a thirty-four bit
regi ster, then the high order two - 16 10 July 2002 bits will both be set
to a logical |ow value. When a MOVE Miultiple operation is perforned, a
nunber of quadl ets of data specified by a count value are noved fromthe
regi ster specified in the source field src to the register specified in the
destination field dest. The count value is stored in the register 5
designated in the imediate field of the instruction. Preferably, for the
MOVE Multiple operation, the register specified in the source field src is
one of the data interface registers DATA O - DATA 3, which access a DVA
channel, or the bus input register BUS IN. Preferably, for this operation,
the reglster speC|f|ed in the destlnatlon f|eId dest is one of the data

Q
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During an AND operation, a |ogical AND operation is perforned on the val ues
inthe source field src and the destination field dest and the result is
stored in the register specified in the destination field dest0 Juli@0@INDI
formof this instruction uses the value in the inmmediate field instead of
the value in the destination field as one of the operands and 15 stores the
result in the register specified in the destination field dest. |If the

regi ster specified in the source field SABLES$I a thirty-four bit register
and the register specified in the destination field dest is a thirty-two
bit register, the high order two bits will be lost. If the register
specified in the source fiefg=src FST et ty=t WO prt .-:*"]er and the

regi ster specified in the d field deBoris a thirtf-four bit

regi ster, then the high ordf o DT TS W T 20 DOUIT o a logical |ow
value. |If both the registerfs spdcifieBaiarpverhm source field $rc and the
register:§pecified in the dasthatio1té&q&gmgent are thirtygfour bit

regi sters, then the AND opefjation icpﬂriepﬂéﬂ_gn_aLL_LhLLLk-four bits.
During an OR operation, a |pgical OR| dighgich@astas’ ppeket or med| on t he val ues
in the registers specified pythe soprce {Tefd-src and theflestination
field dent and the result ip_zS3stor eB*PIRh& Feqgister specffied in the
destination field dest. The]l ORl 4 orm I Scl tion usks the value in
the i mediate field instead)of {%e vaﬁﬁgﬁgﬁﬁ?ﬁgﬁﬁggfination field as one of
the operands and stores theresult tn the register specitred in the
destination field dest. If the register specified in the source field src
is a thi qy-four bit register and the register specified in the destination
field dest is a thiKepenting chinhele@k Sighrficld feading ¢h_misteri it wiodbyki igd Wi | | be

lost. If the register specifjed in e soyrce field srec ig a thirty-two bit
regi ster and mr%@@g of s 'eglFtéthﬂgﬁ'hi[’%B"é‘fji“ﬁ ?’H‘ﬁf?‘iaafl vdsld is a

th: rey-f Fu{ bbéndlir%gélﬁlh?ﬁkﬁld iﬁ%rfﬁﬁx’rlﬁytélﬁﬂhl withiglebytel }B@-Qgi&%wf%iktebgtgmjsb]e SSB Ot2 0
a | ogical |ow_val ue. oth, t regi s specj fi in - uly

the source fi dPEFtsreh i prdings Wwaiﬁé@ﬁg?waﬁ“m&&éﬁq nation field
dest ar e hi r bydifgUéh_Biatk (S e lefnt byie el REnt&MRng MRS MbIKOST iscehiR86dsQhaRMAl ON
all thirty-four bits.” Wién a SH FT gperation is perforned, the value in the

destination r 8ypberefor dassisoghrongyy 4afaRiPh§2 torfecefs ispchigneus daering 4%d by t he

val ue in the HQMEGEtHERBHiEAS bf hCHaN® thd ehah@S Habk Register Whek @ Proerhlifed €01 St er
specified in the destination field dest. A positive shift value shifts the

val ue in the R8T ovaRt Qsqusedhe bit @%Wﬁé’fﬁ@eg???diflémgl sk fleldpigithe same as
significant bigfe RNEsizRhAR ofiR HBRELs alaifable |reg'is'ibrtd@ﬁne%hhfc}1§iﬁert&%l§ oPthe IBER! €f 1
beglnnlng with the nost significant bit. A negative shift value shifts the
val ue i n®he dé¥r1Masimdardegi ster to the left towards the nost significant
bit and zeros are wgelirfeft fHahde] inask 1gh HElH fch khsR N $s £ fouk Bfte et Withe BiRAI NY
with the 10 least significant bit. The SH FTI formof this instruction
shifts the vaPR&eBiof thawegistsnfileel 80 dihs current ghanpel maskdnst figld obimaskdlgdes fowsd i n
the imredi at ebgjeg‘leﬁil ?ﬂl?xg%&ﬁﬁ Q,é-z‘s*lﬁﬂﬂeeégikt][:r, fie IB@GTEQ‘&H}G& t\ﬁcp&ﬁ'l’e&l &finhd the

destination fi e'register specified in the source field sre is a

thirty-four binask 8gids clemaghdi antloh maskslocform proeieh byte field cprtaining tthachaneph
field degs |5 ook BletduMy WPobdrioh AW LRR bit hifin the BurPlell BhanhdlOndd liRadgt 11 e
lost. If the register Specified In the source 15 field src Is a thirty-two
bit register aemesentingrangsashronoussharingl cthejohanmplemerkdieldistanbhlopded|fepmithst is a
thirty-four bi .eg] i { i et to
a |l ogical | owp%%t "FFg&ﬁu%ﬁ gba%gﬂgﬁyhrgtégi S gféggt;occib%ﬁ?egﬁ‘ |E ?lsoﬁ{éﬁosuggétgéﬁ% iizl d src
and t he regi stigmorspewived ésbclirondul ehated tnumhers & Wil He demespendingt Hif intthe f our

bit registers, t shi f i Ny med on only the | ow order
thirty-two bif?%gggmmﬁgﬂn kékﬁpggéﬁé?ﬁgﬁ&?gﬁgéég%rned, the value in the
source ré&Q@i ster srThe¢ somebstoreatugdt field @St hrepuy 3d aiena byte Aielddethin e BoOof the

regi ster dest. If the sylt of e 0 ion is ual, to zero, the Z
bit is set to rggftggt;lg&?&hﬂbﬁcwptggre%%@eﬂ ggu(f“ttpuéf()’fet% s ﬁgg/ﬁorgbogisggh on is
not equal to zero, the Z bit is set to a logical |ow value. The results of
the CMP operation are not stored anywhere.1iThe CVPI formof this

instruction subtracts the 25 i medi ate value fromthe value in the source

regi ster src, and sets the Z bit as specified above, according to the
result. This instruction also does not store the result of the operation.




When an ADD operation is performed, the value in the source register src is
added to the value in the destination register dest and the result is
stored in the destination 30 register dent. The ADDI form of {djdy 2002
instruction adds the value in the source register src to the inmediate

val ue and stores the result in the destination register Best. If the

regi ster specified in the source field src is a thirty-four bit register
and the register specified in the -18 10 July 2002 destination field dest
isathirty-t S If the
register spec:%? Rxlﬁ‘nﬁ}‘?’ﬁe&gtgodrs{:og (’?}tc;tés){r;’@a? g&g&%ﬁé&ﬁ &,kaé%p ﬁ i gt&l’egt er and
the register smmts irpriseaidtingris prnbledie“élnq qenirdl giarefrpeatogy epatains metr@tlormqu;byftmjr bi t
register, theng it Gt ﬁéjﬁrpextfc‘ﬂﬂug'lfs%p%ﬁdohs 804 Beellf oB@ka. t 0 @ | 0gi cal | ow

value. 1f both the regls er specif In the source field src and S the
regi ster specifi edTherroptpd sfe@scwlﬁétw thifeﬁ% féqlfhcﬁégqr &} 18 atamp byty field yyithis; t

registerss t hqy?tetsh%fﬁ@Dem iRt 180N Th@eoﬂ&élfsﬁaﬂdreerﬁcqmd:y ald?ecd itafk dRr

thirty-two bits 0 i s perfor Iuelnthe
destination r é@'i“?y\hétf’redg%rfss t%W@(E?}b@F 58&’8’6‘”?3 %pfﬂ’?g;e a\?%\‘feflgﬁ?“nt Rlestitt ce

regi ster src agiacket ibeeceiesiul The ifitst giadicedbailablettd the dasiol siart Ipmgrafrﬁgtlﬁtfﬁs’t dent. The
SUBI form of t hld? t op Eal;:uc e slta?'Ppaa%Pt ﬁt%ccggtrotl F'rgre amsglf‘gltdg Cg%d{ﬁ' 0 ghgoefg om the

val ue |nthe BT e8 reg IS stored Im i nati on
register' destCS acfdrﬁhereree@u ant byte Siplde vithie bytes38tthreughdiirof ¢hefregidtad fide 80i s a

thirty-four b'ﬁhesre%w(@ téhaiPRE 4Bt fGIh&I RS st&s)%aré 'tlﬁ%oblﬁoﬁotl?dﬂf?l{)é Rgjion

field dest is a ty-two bit register, hi gh order t s wll be
lost. If the r‘é@F’SFl@P regpiziag fipte gn the lqoﬁeor@biﬁ*welf rhineshe bt npobenefithy - t wo bi t

regi ster and tdgrdl SigeSli@Ess m@c iFbi ﬁdmpl@ ttlér@n@@%tormaﬂe@rﬁefd@ dddalemt is a
thirty-four bit ot h be set

| st bi t
to a | ogical 08{}\'}3'{}% ‘%reis? ‘“B]Eﬁ W“Y‘ﬁétofeg‘gfeéettg"r 15 E?Vldéta pfpﬁ i§ tﬂé’raé‘ YROB field
src and the reguesfing_rdampemefmoehtomus thasnetmsntien . | e ifoclebrobugidss pipe ignores
thirty-f o' bi Ia%l 1£o%lg'hl§oql? lﬁnne&ﬁ&nwﬁl%ﬁ%ﬁr EJlr?gt \'iaﬁlg it the Q&'Ptfopgt&g gdd? only the

| ow order thir eration i s pertornmed, e value in
the source redi léPquélr@ BFh. pdien disppiching t9ye copfeol iate pddrpsy spegidiediwithin nréher on

regi ster dest ®N&nlrélQtokEcyell btakt %dcﬁés@ﬁ@l&l osrhdaxhes 3Pordas itlenBhttoP Rofe@BASL Er dest .
The MULTI formof this |nstr ctlodaﬁgy E {ges tge i mredi ate val ue by the
& tfeSIeRreRAUs

value in the 94 PiRg efegntesiipm e
desti nati on r aghtadl @nbrecka&bss uhtil 1témeomeglas’em ifqractiohl heh thetifochraduy gt fi el d
Soct ! maci N { el b iR A AAFeoh R Bk Be BREFLLURT, b sd0e

destinati on fi
bits will be |stteif trarfsmitting waegpmrenouslpem'b!ed,ed ltl TR 60 té@hmt!enﬁn bk tasmig i s a

thirty-two bi tcogﬁ)lgﬁglﬁgg%n@ﬁge;th\gsﬁ,eglms{h@alsmm fied in the destination
field dest is a thirty-four bit register, then the hl?}&order two bits wll

both be set to a | S¥FcHr S‘P‘%‘XP‘V&P‘G@“‘ ’IS‘P°h{98?‘ﬁ chagaels &6 s The contird store; addressn t he
source field sfiefds@$daddh@ thre\ggh TSCAddS B edch cqrebspond tdm letembndi\auiaﬁﬁu fridel d dest

th'tf bi t ters, then the MJLT i d
onl y the Tow GPHBR URRES i 1B oot oL s G, R e R R oo
performed, thechameldigion dueordisgly whepthe dgchipmavsodagspifect2trbreivesodataranla st or e
address cont ai e bl A%ndud Wbl Ghe RChGnQs dhid Bips ' biafentd 6k Rhss ThE

contained in the corresponding control store address field to obtain the instructions for

manipulating the data for that channel. Isochronous channels for which the corresponding
30 value in the control store address field is equal to FFh are ignored, as are channels
corresponding to bits in the current channel mask register which are equal to zero.

A stream of isochronous data is made up of one or more isochronous channels. The
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source field src can specify a register or an i nmedi ate val ue. -19 10
July 2002 When a $RANCH ON ZERO operation is performed, the isochronous
data pipe 42 branches to the control store address contai ned ighlHheodpdw
order byte of the source field src if the result of the Last arithnetic or
nove control store instruction was equal to zero. The source field src can
specify a register or an imediate value. Wien a BRANCH ON NOT ZERO

operation is RRhlA6WRA fifte4d REGTH: QRO cRanBEIP ForAvhid ﬁiQ%bﬁ@sprQhﬂghﬁt in
control store address contained_ in the |ow qorder byte of the source field

src if the rdburyrreat chaprel mask field i $5hior3 logigal high, ¥alus nthegpochranpes dataspipeid? i on

was not equaliahgni#EihrohBss GOLEEGdhE  the ©aMral RAFE prég@m' RYInding at He Bftrol
i mredi at e val ue. When a BSR operation is perforned, the address of the next

control st or etoreaddsess paisted do by Seyiahin duths spurgl 1iore pupw GhauipHeregisiet hr onous
data pi pg 42 brangfg %&MJ&? Klete 9{?5 ab 1§£c9raﬁy aq%%%ﬁmm EuARE: biich B%ylkeow

order byte of the source he source Src can speci
regi ster or agmogrammed & perfprmn @Eeratwliéﬁn ﬁleBESRW@iI seROolbfnta: al haoisodhgonons dase med,

i f “the resul t;of ﬁéb&a%ac%htaﬁ%tr&;%'fﬁc &&rlll&‘?éé%dq{?'ﬁﬁgfuws Sg@{hﬁl {h@% éf&tfhé)” was

equal to zerd) ress o e next control store I nst I’UC 1on IS
pushed ont o t196, &t amediatd velue ragister Biyhisesthidtyt fqupbipregister piithrackgistet code loé

control storeqa S; t.ai pwe arder. b el d
src. The sour ce |C§I % @ b%é'%%gmé th&tl?alfr eml%slt erte o%rﬂa(grr?% ek W?ﬁé &%? I
When a BSR mhe\mrrtszﬁiaObmmamadlatgﬁeidswf;ﬂ@rmﬁm’e@ cantainstthe samsag dataofor tHa@Neast
arithnetic or .e control store instruction was not equal to zero, the

addr ess of thé’e?%% 20 control store instruction is pushed onto the stack
and the isochr onoamecﬂaai mpmrpgstérZBm chiheﬂuittptW@bitmgmarmﬂsa cgidteadetiead’'s

cont ai ned in‘p ord " te of Qur ce d.src unce field
src can speci fy c?‘ecdpé’flﬁ Soufge f e&l CES heebuwgﬁt rggﬁ%rrgé% &4tion

i s perforned,sothe oFaﬁbp@ﬂtbhrcMckssdmrqaadiddxfdsm tMugmthesdclﬁbxﬁou@fdaﬁafp@ewack and
t he iso;lgrono dat a {;ge 42 b ancheis t? deress (bsoc onous
data pipe 42 S"tqﬂ‘émﬂg %F 19:1° BRI FEY s gaf%ﬁ%%’gfseﬂ?crﬁ YRR G Br e
it can transfe ipadda@msidaml at e data. Once programred and initialized, the
control register i sed ta chan er o) of,t he i sochronous
data pipe 42. The Tj’ﬁ&’?‘@ﬁ‘ftp‘gﬁ%g’sé‘frw%fgt etﬁlré' @Brn?ifréglé{sg/wé%fal IRRFerSP Ia? he
val ue in the enmr mnchcdaﬁamglbemhxnaﬁa@ 18gister. aAckebding timbﬁwmput@cglmnt ained in
the | ow order t f e statu I ster n_order ha the state
of the i sochr%ﬁ%ﬁuﬁ Igﬁﬁ °&2’% %Woeﬁl\%ﬁ%?n%‘?ﬁldb%f‘&ga &'5 g&r amed

i nto thexpendisshrdoaddudd pipBak Sﬁtge@mracmsao the \bu® pepwttregisted BUS 30ET klatlo t he
control regi st?3 In th? ?@a ster ﬁccess to the control register, the

iad a%?l‘g

go bit is - 20%ubseqyenygpsd AP AR S5 ®vent is progranmed into the
event field. Wen 'EHéQlaﬁrr@Qﬁétmd)'BMe RhchQbigtyfour Iﬁlhﬁgisﬁﬁo\hﬂﬂﬁﬁl odgistel dbde ¢fi pe 42
transfers the val ue in_the pend "gng@‘nnel k reg1 g)(rs the current
channel mask regist € Th «§ i 3 chir EFﬁP"‘&“}S‘? ewhi AP FSIOBFE Of he
information i festiffioh P¥iskrdghe Qith Cepers D@-D?%&h%'uséd%ltﬁé SurdeYr AedtidnOW
order byte of the 5 status register.
register for any operation.
The data interface registers DATA_0-DATA_3 are each thirty-two bit registers with
a register code of “10", “11", “12" and “13", respectively, which can be either a source or
destination register. Each of the data interface registers DATA_0-DATA_3 access a
different DMA channel. Use of these registers is to be consistent with the programming of
30 the output enable field DMA_out_en.
The isochronous data pipe 42 implements a stack made up of a linear list of eight

one byte registers. The stack registers are only accessed during a branch to subroutine
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In order to stop the operation of the isochronous data pipe 42, a val ue of
all zeros is programmed into the pendi ng channel mask register and a
logical Iow value into the transmt enable bit in the control 1¢§¢aiShes. As
W tth any state change, the go bit is also set and an event is progranmned
into the event field of the control register. Wien the event 10 occurs the
value in the current channel nask regi ster becones zero and the transmt
enable bit in the status register is pulled to a |ogical |ow value, thereby

stoppingtheoe t|o of  the isochronous When t.he operation
of the isochr aa ISiupeingction. Iy g‘ﬁﬁé"&‘“@ ﬁ'&g%@'ﬁ%éf thy Presept IpYGRIAYy 4t us
register is aﬁremaplutegetdrstsm&ﬂ taolg havala réspentiveadegiger alddreserdkrAltemaawy,\tl&t e the

i sochronous d t he
proper contr o?&@ E)Hr"g&r éfsstaec 8 %{M %ir“o P'O engﬁlg Qﬂé ﬁ]ms °§‘ﬁ83‘%ﬁ o a“f) Gr gg'addr ess
regi ster fil etheThrirgbstatdi nr@grmarwﬁéed ﬂmkwk Egtltgtveautqn@twm inifirlisgirtamvelde wi t h a

bit mask of tsze@@mﬁmmgqbﬂ{e%nésﬁaﬁm@@aay&gl%}t@ pipe 42 is to receive.
| f the isochronous data pi pe4 is not _receiving ta., the value in the

pendi ng channel ma¥Renythg)iseghgonoysats ping 43 braaehes 1§ azSéPrautmfere igeshrsmeusidatat he

control regi Shipe 42 Stofes theta@drass |of3€]1le Qait cJSHt:@hstM@-hdd@cﬁ&l infdGhCak@niaasit at e 20
ster is set to a |ogical

change. The trapsm.t enabl e b control re

hi gh val ue if "BRES SEEIABH%U “ae?f ﬁ’eﬁiag‘ep%ﬁef er'ttifar?*‘eaﬁ%m’f’m}“ggﬁ?ﬂ’onous dat a.
The stop on einsouctibn tontamed frethe towt orddr byte @f it eourdefiekict When the isavfjios@ls dhta gh
val ue if ;the | r 9|B§4 t error. If
the i SOCh?OﬂOB@gggte %@&%‘s agﬁ’%&lns tr%’hﬁﬁi‘l&??ﬁegtsﬂessgag E@r;]t%ﬂhl%brt%mhestqﬁ out put
enable bits i nombst@remsmhom eaptairied in ﬁmp@nﬂfcﬁ.ﬂck eegisondif thy stable pdditk ishannel s 25

i nvol ved i n t 4anGidniel Wi it%&]ﬁe?ﬁs%ﬂx% oGl B RSt Fhiud & Re R bGRer PiIh val ue.
The event field in the contro gister is progranmed to_an event on which

t he isochr onoE%“a&th&efﬁlaB‘éth&?"F}go’l"Bs Cotpahipget2oyill halt opesation untlh it yepeiyes@yo2 | n an
al ternate enbedithi®idls @ta ;Sabl&t pedicie sﬁft@ﬁc’k@e Wihey itietisodlroffus U@ pipé amtmn

inventio thelso hr gn at a includes ha f|rrrware
for mani pul at FA§™ 81”{5’2&‘&’8@&"’5“1“{1“@&"%" 8*}°g§r?f ?“aﬁ"ﬁ%‘si"’g‘? R‘Fc?h‘&‘& Hat a

pi pe will onl yeceimed, pmllwbleomndamlnpeaiﬂ willsntemipb expeution ofitheaputput eproystarrmed
formats. The ; %&H{:%Q% Aat] oPth%%erI s c&Jﬁan&{ee‘sfa@l( rd@&‘en‘i‘e%”b@gr%t nt of the

present i nven an be programme e external COI’ltI‘O 6 and
confi gur ed fopomhwﬁmmqlﬁngclu@ttbﬁ PaReK %tlopmhﬁnéiﬁyledecgwwcmr mat. In the

preferred enbodl MEEHch isbéhonB R YoMid] is@tcAndt@Eion ifiua aﬁqq;@oaéﬁ&tgmb@&dﬁm from
t he exterg control l
ont

o the i ,ONQUS
xt ot nal Zont AR delds et aPDS B dae e it ghd rerst sty AP o age
device 44, it QpRodd fibldis aaixiet fiakpahieingestribed antdperatbontte perérmc Th¢ sontck €ield46 can
alternati veI y i he | EEE
1394- 1995 serls{a%lqS ﬁols&phggelhgﬁcn%e gngeeg (g{j&gﬁl g&%{‘l’ﬁg |‘§hl|£mn§:°ﬁag@31tevm thin the
medi a st or age Senses velue for theyspegifipdroperatiang |dde destination fiedd dest istacfoyr ittfieldrmdrichnpst

streams of datsﬁecmeé 4 d&ﬁna‘%ﬁ Iéegﬁzer fo@ﬂ@@ﬁi:cffi@@@pefdh@x{n Tmmﬁﬁ@lh@ valofigge device
44, Accor%hngl%@t e data %“\erttento an romt he nedi a storage

devi ce 4&°can -Y?hﬁlap‘tPFQtté-'ﬂld ‘ihﬁ’éheéﬁ%é‘ﬁﬂ@&‘@lhﬂ?‘é’ﬁluﬂrﬁpﬂf’c@ﬁ%‘tmﬂ|°§Fhﬁpt| ng

:j ts flow Dalt apbﬂgidﬁi's doiitalﬂiélimhlaﬁ 1ﬂ@eﬂdﬁﬂe'fﬂelﬂﬂ Thgmgﬁidtaml 1f iirﬁhmz stalRirtpBshi gnst or age
evice can a . ate e ilter.42. as it ei ng
transnitted f?iglr‘h‘@}\%a feéé“t"am‘%?ﬁ% %j%‘i?l S SReTpHoR if Bjmmiediste fE‘@S seri al
bus structure ﬁemmhngalabadeatocxpeglaﬂ hxahsalumvloltlw mefertdd embediment of the ageendevi ce
44, the data gap 40 or
after it has been&getggwf &Védq{eﬁﬂnaédg& hmtfg ﬁg&“ﬁc h}’XgérJgEeﬁld}fé; utts‘ir]gr?ﬂf&ng%t‘?e

t he | EEE 39394 embolimends ¢fahe isephronausdatg aipa 26an al so be mani pul at ed bot h as it

is being witten tﬁxe%@aﬁ&la&désr\@ﬁ@htmﬂkﬁe&@ the prefEhi&d MitRERIhe dfeent i on
has been described in ternms of specif |nenfs i ncorporating details

to facilitate ‘@ﬁ@‘t?ﬁﬁé%?‘&%%\ﬂc%id“’wgl% pgg%@ PSfe dadifaeam Ao icghbedpdudsper at i on
of the invention. Such reference herein to specific enbodi nents and details
thereof is not intended to limt the scogg.of the clains appended hereto.
Specifically, it will be apparent to those skilled in the arl that while
the preferred enbodi nent of the present invention is used with an | EEE
1394- 1995 serial bus structure, the present invention could also be

i npl enented on any ot her appropriate bus structures. -22




10.July 2002 CLAIMS 1. Afiltering device enbedded within a nmedia storage

devi ce (44) configured for coupling to other devices for

recei ving and

transmitting streans of data 5 directed to a destination devil®eulyt 2092

fittering device conprising: a. a control

receive instructions froman external
data froma first format to a second fornmat corresponding to the
destination jgdend QpCoc&nﬁlel@arealstwrih Aeblatil weloti r'lﬂidiiiocl(rér%)ls da piprdi2tvall tshee

it for

f povisy

control circ
format to nd

i

@Ha@f

Pﬂ@ﬁ%‘ p

Tl
oppra

b

circuit (48) configured to

controller for converting streans
recei ved a i.n the firs
G Y P R PR OBBRiBH &1 mg 1 o

of

t
t he

i nstruct i onsdedidalbm # iBuse@l idFigarers; cluding. thelfea fepisteRIDOD7 A8Y bGEDRM Cl ai med

in claiml1l where
coupl i ng to AANe

E%I]E1°T3§ﬂ°1%

a stor
sedééﬁ

e 15 devi ce (44)
FINBRAD: st ruct ur e.

as claimed in claim2 wherein the manipulating circuit (42) wll

is configured for

mani pul

3. The filtering device

ate

i sochronous streans of data. 20 4. The filtering device as clainmed in claim

2 wherein the mani puI atlng CII‘CUIt (423

and asynchr ggss
cl ai m 4 wher

| n Nheel nst rmmp

I'nani pul ate bot h isochronous

‘mh@ pr ogr ammed wi t hfwetionr mmare in the

CII’ 6. The fﬁﬂxﬁe ing device as clained in claim4

=terRng—eevFee—as—etathed—ih-

control
wherein the FTOCEIONg are Stpred TN Tead onty menory I Lhe control
circuit (48)| 7. Mﬂvﬁedl 4 {f&)‘%ge d8vi q&B A "é%lcrfég‘“eé'ﬁ degt TeBier | Nt erface
circuit (32)f+sc ecel ng-a-sd-ea—m—ef—dat—a—t—he#e-by—t—epm—ng—a—peeewed_
stream of dafa, ®oO8Eal sq MOVEMr Ansim t t]imegesa bloekrof puadicxtbetdecs the eane ol dgdardagoni n a
format dorr gsporidilivgg t o {a desti hati on|device: - 23 10 July 2002 b. a
filtering ca{cwt (42) doupled fo thejinterface circuit (32) for
mani pul at i ng-he—eeetvga—streafror—adgt-a—t+nt-o—a predeterm Arec—errat
t hereby fornj ng the manilpul at ed| st Peam of data; and c. a programabl e
control circuit (4§ couplegntolthe fill eyl Qalid fidkre sé%)mé.,ﬁf gyt ing
progranmed i ”UCU ons,| r&Qel Ved f 1 oM ialeih Gk Bedd regfsf) hld Qlode£he jéghtothc
regar di ng |puI ating the recefjved st|rierpigér data i nto the mani pul at ed
stream of d |?e) Glaftjraeﬁo\{‘f i a|ne§mnfal }‘{i%)\'il’l{jgbﬂ r
conpri si ng 40 efl tot Cll‘ g‘F bl F one
of the rece%&ed stream df data gand the J ; gEs r’eéliSt H?éollrest“ {inio ne
stored. 9. re—Feeh—a—stat age teytece—ag—ct al fred—r—ctatm-8—ftrther
conpri siing afl r ealfFi t e |ch3HAFRI | ci fcui tS Vﬂ‘U Qaﬂﬁ"ﬁwteﬂ’?’ehefllnmd@#wﬁl
circuit (42) and to the |metiEI 15 (40) jster @udpto. Fl
operations ffomand to the medi &. 10. '? é %Ofp"’g :’h'g%s t@‘?
inclaim?7 erein the f |IteringcirCL 54 nlsoc dat a E -
conpri si ng: p—a—tont+rot—store—frerory; S
are 20 storefl fePMPRE pul atg'*ﬁ’ he7reqe5P‘%}'E‘{¥‘§°t"i“@ﬁ’med¥'“ %hel"h‘twd“ thi e e,
) QIS I [ o e el el o
to'thdSdshitdr acnon
mani pul at i ngr-t-he—eeee—ved—s—t—ee&mcf ggt-a—At-o—tRe—rartpuatea—Sstrear-of
data accordi pg t cARIhe ADD 8 Adds value in src register to the immediate vatue or the
ADDI value in dest register and stores the result in the dest register
SUBTRACT SUB 9 Subtracts the immediate value from the value in the src
SUBI register, or subtracts the value in the src register from the
value in the dest register and stores the result in the dest
register
MULTIPLY MULT A Multiplies the immediate value by the value in the src
MULTI register, or multiples the value in the src register by the value
in the dest register and stores the result in the dest register
20
c
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25 progranmed instructions,

and providing the mani pul ated stream of dat a.

11. The nmedia storage device as clained in claim10 wherein the programred

instructions are stored within the control

controller.
i nterface ci
structure.

store nmenmory by they axyeooml 30

12. The medi a storage device as clainmed in claim7 wherein the

rcuit (32)
24

I's coupled to an | EEE 1394-1995 seri al
10 July 2002 13. The nedia storage device as clained in

bus

claim 12 wherein the filtering circuit (42) manipul ates both isochronous

and asynchrongus streans_of dat 14__A net hod of di a
storage devicg (44) conpfising: |5 a. feceiving a received packet of dgta to
be witten tofThe nmedla $tor age deyirc¢ (44); b. manipurating tne recetfved
packet Of dat + a6-Cok r‘|| nn t e__pr o ;r ahe il | ASt-rHet | ORS—B-0-eH—a
external cont oIIer (46) there)y forim ng a mani pul at ed packet of dat g
wherein the ;ﬂ\ﬁé t 10 gf 1§mh DA ciudl Ltzrz ﬁﬁrsspzomﬁ, 4 mtﬁehm the
recei ved pack=t o] at a; an C. storlnga& e nanlpu ated pac of dat g onto
a media (40) wrthrm—the {redia S{orage (]eVI Te | e IH;‘L nuu as
claimed in clm! er i nB¥he|relei 2@% ﬁ“",{m";q B sl nde i ved from
an | EEE 1394-L99€ serlal bus styjucture qm w h as cf5 med in | ai m
15 wherei n t h¢g—step—of—pmput=at “1% $—perfor m—;u ut I Tsoctt oTotS oat
Pl pe (42) . 20 1?]]\118 hpd . r¢ad ng @ag %the result t%ls qéwgfromtgpeargnéo:sd@‘h ¢ (44)
conprising: al reading a|previolisly s{Qf gmg@ Qhﬂq F B medi g (40)
Wi t hi n t he neg+e—steragertdeveertHh——rTanrd—tr—rantpuratrrg—the—prevtots| v
stored packet flof data aceording|to!325|programed instructions progra d by
an externgl cyntgr@kéeto (§#6)pskhel eby f Obitemeht e B Yok, -0 :RRGKELe Of dJt a,
wherein the ni pusust ed packet ¢f dat § fdnesnganselictfoh e tEentackfatbindh ek dshe
previously stdgred packet|of data. 30 18ddreShmepditirdmadelé] ai med in claijm 17
further conpriSTRANEE 2SN GekA 19|t NB MK RWALEH: RREKLHomte PR okRicRRRLNEN
device. -25 J16uploN #r3002 19. The net Bsl s, Glemdebrambntiia stk pdidir, LSe e € n
transmtting ifncl udes transmtting the¢adianioplH feleits ipackaton of salandbrartt g an
| EEE 1394-199% serial bus structure %2 CSTfessiopnaiedis Hojmpediedield as cl aj med
in claiml whitr girAnERDFO CPNESRRE j&‘ M Ui 1 1R Gdsund e Bt A Eome pRliok GreRHREsY
wher ei n tibde i fjstsurokinons|are st ¢red. not equal to zero, then decrement the stack pointer, save the
ZFRO address of the following instruction on the stack and branch
to the CS address contained in the imm field
17
RETURN RET 18 Branch to the instruction at the address contained on the
stack; increment the stack pointer
20 For most of the operations listed in Table III, there are included two mnemonic
instructions. The mnemonic instruction which includes an “I” specifies the operation is to
be conducted using the immediate value. The mnemonic instruction which does not
include an “I” specifies the operation is to be conducted between the values in the source
and destination registers.
25 When a MOVE operation is performed, the value in the register specified in the
source field src is moved to the register specified in the destination field dest. If the
register specified in the source field src is a thirty-four bit register and the register specified
in the destination field dest is a thirty-two bit register, the high order two bits will be lost,
If the register specified in the source field src is a thirty-two bit register and the register
30 specified in the destination field dest is a thirty-four bit register, then the high order two
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21. The filtering device as clainmed in claim20 wherein the instructions
are stored at a nenory address within the control store nenory
corresponding to a 10 channel nunber for the stream of data ifo]lhy\z@@;_r eam
of -data is an isochronous stream of data and at a nenory address
correspondi ng to asynchronous data if the streamof data is an asynchronous
stream of data. 22. The nedia storage device as clainmed in claim 11l wherein
the 15 progr aued) bhHtde et o ANSgitdigow vALEd at a nenory address within the
control store nenory corresponding to _a channel nunber for the steam of
data i f the streaWhsh addOYE Mulsiplej operationoip peréormed. cipngter gbguadigiscbfdataa nenory
address correshofdi e tedL |
asynchronous %Et r éarr'%g %% L@Qt a. &‘Z:%E g%?%}%gﬁﬁtrh%ggﬁegﬁgfﬁeﬁgl&# g%l fgeildm§rij§

further conprthsiesigtedenceifindl i g dastinataarfield dpstbie dourt vahe is stewsil v thepegistert  of
data, wherei . [ A9k AEShid ' . ' .
addr ess gorrgg%gﬁ% A4 ik ﬁ&laldﬁhlemu&%ﬁzggfér}hgﬁdn%% F}hgg% g\s/ ci alhggrleed I n

I Ng tO_ { Ne C' anne nunber. .
cl ai m 14 wheropemtioh ghepregigicnsneeified i thesturagdicldons isaame of therdath iaterfacenmegistens

s 1 PR B, SHEVRELVORR LA, (b St

——

I f the received pack I'S an 1sochron a and'at a
menory addr eFsefemblye fpdins bpayation, ths yepidter oproified datha destinativn fidd desv scbnpacket of

data i s an asynchrongls packet dat a.,-30 . .The t s _cl ai i n
claim217 fur tstﬁeeﬁ"ﬂ%bﬂ% 4 eﬁﬁkease]?g‘&ﬁi-ﬁf ?& @_%,ﬁgH%hchc%%E%% %‘lﬂm{eheor r’E?"eeg%sousl y
st ored packetougfut cggisser BMSeO&ITh t he programmed instructions are obtained
froma nenory address cor ondi ng to. th hannel .nunber. .-2 0 July
2002 26. The met hdtg a‘&r‘i‘ﬁ@%"‘qﬁmﬁ %gﬁ?lﬁ%gerragtm ¥ Hg;??{P’SﬁPaﬁ’?Fe‘ﬁ‘}“es n

i nstructi ons thé sowsdeOficddisratandi therlemingtiendithi edest adtherpdndistged @ the eaRrAel
nunber for the evi qusl vy .st.ored ,pack ta if.the previously stored
packet of datsae‘géedaw tﬁ%ﬂ)‘%ﬂ‘i’%’%ﬁ‘gldp@gkgﬁw g.ENng?rgx g ﬁ‘sdPStg’cwv Jake Ly
cor r espondi nghé ammsdise fieldrigiad of dat alue fin thadegpinativindiedd ys @leasfalt GReked ardf

dat a islgp asynchr onous

o a5 18T L5 MR e FRHE g oo fSP%%ﬁAW’% gt ﬁ?sagbr.‘ﬁegvgis@AL RAE
. A&y . Ass specified in the source field src is a thirty-four bit register and the register specified in the
destination field dest is a thirty-two bit register, the high order two bits will be lost. If the
register specified in the source field src is a thirty-two bit register and the register specified
in the destination field dest is a thirty-four bit register, then the high order two bits will
20 both be set to a logical low value. If both the registers specified in the source field src and
the register specified in the destination field dest are thirty-four bit registers, then the AND
operation is performed on all thirty-four bits.
During an OR operation, a logical OR operation is performed on the values in the
registers specified by the source field src and the destination field dest and the result is
25 stored in the register specified in the destination field dest. The ORI form of this
instruction uses the value in the immediate field instead of the value in the destination field
as one of the operands and stores the result in the register specified in the destination field
dest. If the register specified in the source field src is a thirty-four bit register and the
register specified in the destination field dest is a thirty-two bit register, the high order two
30 bits will be lost. If the register specified in the source field src is a thirty-two bit register
and the register specified in the destination field dest is a thirty-four bit register, then the
high order two bits will both be set to a logical low value. If both the register specified in
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.AL. A3L . AL..As.AL. As. AU <W D
9" FPnzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<aU] c<a] ca] ca]c
a]ca]cAa]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]calbky 6@V 10 July 2002
UL " #A#ST7> 0 * A* NI - /0|mmnhcAY]]ca]ca]ca]ca]ca]ca]ca]c“a]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Or4z444441 555506t
6v66(788E999g;

; 2<<<7=====@N\@) vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

]DS ?)}:)g aEng%]G(ilahﬁﬁ %&g %@ﬁl\f_ ab]'f'ﬁ/lyc N@ﬁ%&%%%%ﬁ%%é%w IS%] & ﬁhég(lfg'é] bé a] ca] ca]

ca] ca] ca] ca] cedister}, dchepdkbs @&]ogqf}twa]lm}fw]eéa]l et jhirhytfowr Wita] ca] ca] ca] ca] ca] ca] ca]
I DRRLSPS] STTWI A 1 ion register. dest is
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1010% & () - F@hdftorSis Cduathd AbOHE & theis ¥t &3 logical high value. If the result of the CMP
operation is not equal to zero, the Z bit is set to a logical low value. The results of the
CMP operation are not stored anywhere. The CMPI form of this instruction subtracts the
25 immediate value from the value in the source register src, and sets the Z bit as specified
above, according to the result. This instruction also does not store the result of the
operation.
When an ADD operation is performed, the value in the source register src is added
to the value in the destination register dest and the result is stored in the destination
30 register dest. The ADDI form of this instruction adds the value in the source register src
to the immediate value and stores the result in the destination register dest. If the register

specified in the source field src is a thirty-four bit register and the register specified in the
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1096& () - 10%3&' ()- Y10%& ( ) $&109%& ()- 10 1055D6v66( 7+8dBmV |
t 109 & #10% 5%erafion i performed on only the low order thirty-two bits.

10968 () - 10988 Owhdimbobya 0¥ 10GH b 68 SRERRAN BRI o §10% %
109%6& () - gH#10%& () - 1+'3100B& 0) & ()-1 I & #109&/ (3
. 2<<<7=dEnN subtracmmm@%me(n) ﬂ&lssu@em&te(r)sm&@@o%@s 1y isgtofed in the
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1098 () - FRGGHigetifitd ingthe-dds@hationdield) dest is a thirty-two bit register, the high order two bits will
be lost. If the register specified in the source field src is a thirty-two bit register and the

register specified in the destination field dest is a thirty-four bit register, then the high

15 order two bits will both be set to a logical low value. If both the register specified in the
source field src and the register specified in the destination field dest are thirty-four bit
registers, then the SUB operation is performed on only the low order thirty-two bits.

When a MULT operation is performed, the value in the source register src is

multiplied by the value in the destination register dest and the result is stored in the

20 destination register dest. The MULTI form of this instruction multiplies the immediate
value by the value in the source register src and the result is stored in the destination
register dest, If the register specified in the source field src is a thirty-four bit register and
the register specified in the destination field dest is a thirty-two bit register, the high order
two bits will be lost. If the register specified in the source field src is a thirty-two bit

25 register and the register specified in the destination field dest is a thirty-four bit register,
then the high order two bits will both be set to a logical low value. If both the register
specified in the source field src and the register specified in the destination field dest are
thirty-four bit registers, then the MULT pperation is performed on only the low order
thirty-two bits.

30 When a BRANCH operation is performed, the isochronous data pipe 42 branches to
the control store address contained in the low order byte of the source field src. The

source field src can specify a register or an immediate value.
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10% o0& () 5| 10% 0&' {iined & BRAKUHCOQ KokD) ZEIEDGeREor ik perforRBR ARASH Gous data
pipe 42 branches to the control store address contained in the low order byte of the source
field src if the result of the last arithmetic or move control store instruction was not equal
to zero. The source field can specify a register or an immediate value,
When a BSR operation is performed, the address of the next control store
10 instruction is pushed onto the stack and the isochronous data pipe 42 branches to the
control store address contained in the low order byte of the source field src. The source
field src can specify a register or an immediate value.
When a BSR ON ZERO operation is performed, if the result of the last arithmetic
or move control store instruction was equal to zero, the address of the next control store
15 instruction is pushed onto the stack and the isochronous data pipe 42 branches to the
contro! store address contained in the low order byte of the source field src. The source
field src can specify a register or an immediate value.
When a BSR ON NOT ZERO operation is performed, if the result of the last
arithmetic or move control store instruction was not equal to zero, the address of the next
20 control store instruction is pushed onto the stack and the isochronous data pipe 42 branches
to the control store address contained in the low order byte of the source field sre. The
source field src can specify a register or an immediate value,
When a RETURN operation is performed, the last control store address is popped
off of the stack and the isochronous data pipe 42 branches to that address.
25 The isochronous data pipe 42 of the preferred embodiment is programmed by a
device before it can transfer and manipulate data. Once programmed and initialized, the
control register is used to change the operational state of the isochronous data pipe 42.
The current operational state is completely defined by the value in the current channel
mask register and the information contained in the low order byte of the status register.
30 In order to change the state of the isochronous data pipe 42, a new channel mask
value is programmed into the pending channel mask register and a new operational state

into the control register. In the same register access to the control register, the go bit is
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CEr e R o SR R e
10%E&& (3- 1ishubQofRtd ()- A 109&&& () - 10%E&& () -
sy 10%E&& () -nnnn nngr grﬁé%&p]igg/%éra]ﬁo%%%%e(igo-chronous data pipe 42, a value of all zeros is
programmed into the pending channel mask register and a logical low value into the
transmit enable bit in the control register. As with any state change, the go bit is also set
and an event is programmed into the event field of the control register. When the event
10 occurs the value in the current channel mask register becomes zero and the transmit enable
bit in the status register is pulled to a logical low value, thereby stopping the operation of
the isochronous data pipe 42. When the operation of the isochronous data pipe 42 is
stopped, the active bit in the status register is also pulled to a logical low value.
In order to activate the isochronous data pipe 42, a control store program is loaded
15 and the proper control store offsets are programmed into the control store address register
file. The pending channel mask register is then programmed with a bit mask of the
channels which the isochronous data pipe 42 is to receive. If the isochronous data pipe 42
is not receiving data, the value in the pending channel mask register is programmed to
zero. The go bit in the control register is set to a logical high value to indicate a state
20 change. The transmit enable bit in the control register is set to a logical high value if the
isochronous data pipe 42 is to transmit isochronous data. The stop on error bit in the
control register is set to a logical high value if the isochronous data pipe 42 is to stop
operation on any error. If the isochronous data pipe 42 is transmitting isochronous data,
the output enable bits in the control register which correspond to the DMA channels
25 involved in transmitting isochronous data are set to a logical high value. The event field in
the control register is programmed to an event on which the isochronous data pipe 42 is to

change state.
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While the external controller 46 is preferably coupled directly to the media storage
device 44, it should also be apparent that the external controller 46 can alternatively be
coupled to the media storage device 44 through the IEEE 1394-1995 serial bus network.

The embedded filter 42 is included within the media storage device 44 in order to
take advantage of the fact that most streams of data will be written to and read from the
media storage device 44. Accordingly, the data being written to and read from the media
storage device 44 can be manipulated by the embedded filter 42 without disrupting its
flow. Data which is not being written to or read from the media storage device can also
be manipulated by the embedded filter 42 as it is being transmitted from one device to
another device on the IEEE 1394-1995 serial bus structure. During data operations
involving the media storage device 44, the data can be manipulated as it is being written
to the media 40 or after it has been read from the media 40 and before it is transmitted on
the IEEE 1394-1995 serial bus. The data can also be manipulated both as it is being
written to and read from the media 40. -

The present invention has been described in terms of specific embodiments
incorporating details to facilitate the understanding of principles of construction and
operation of the invention. Such reference herein to specific embodiments and details
thereof is not intended to limit the scope of the claims appended hereto. Specifically, it
will be apparent to those skilled in the art that while the preferred embodiment of the
present invention is used with an IEEE 1394-1995 serial bus structure, the present

invention could also be implemented on any other appropriate bus structures.
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circuit (42) will manipulate isochronous streams of data.

20 4. The filtering device as claimed in claim 2 wherein the manipulating

circuit (42) will manipulate both isochronous and asynchronous streams of data.

5. The filtering device as claimed in claim 4 wherein the instructions are

programmed within firmware in the control circuit (48).

25
6. The filtering device as claimed in claim 4 wherein the instructions are
stored in read-only memory in the control circuit (48).
7. A media storage device comprising:

30 a. an interface circuit (32) for receiving a stream of data, thereby forming

a received stream of data, and also for transmitting a manipulated

stream of data in a format corresponding to a destination device;
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9. The media storage device as claimed in claim 8 further comprising a

U

read/write channel circuit (38) coupled to the filtering circuit (42) and to the media

15 (40) for controlling read and write operations from and to the media.

10. The media storage device as claimed in claim 7 wherein the filtering
circuit is (42) an isochronous data pipe comprising:

a. a control store memory, wherein the programmed instructions are

20 stored for manipulating the received stream of data into the

manipulated stream of data; and

b. a manipulating circuit coupled to the control store memory for

obtaining the programmed instructions, manipulating the received

stream of data into the manipulated stream of data according to the

25 programmed instructions, and providing the manipulated stream of

data.

11. The media storage device as claimed in claim 10 wherein the
programmed instructions are stored within the control store memory by the external

30 controller.

12. The media storage device as claimed in claim 7 wherein the interface

circuit (32) is coupled to an IEEE 1394-1995 serial bus structure.
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81Q%+& () - &10%¢& () -|\ 8, 9&10#30.

&109%4&" () - 810%t&’ () - &10%#&' () - &10%¢& ()-#30.  hLO9&L0%H& () - &L0%H&' () - #30.
&109%:& () - 810%t&’ () - &10%4&' () - &10%¢& ()- O1;

@dD09810%+8&10%+&’ () - &10%¢&’ () - 8L0%¢&! () - #30. 2002
&109%:&' () - 810%t&’ () - CyQDI&I0%E10%H& () - &10%H&: () - 810%1& () - &AbYE2092 430
&10%4& () -
DEOUNL, 9&10%#8. () - &10%fkhe(medig@torage device as claimed in claim 12 wherein the filtering
81098 () - LY ()5 E10E' () 100 () UXCE ORT00E ELOMIE (3 ( B10%E () - &

109%+& ()

L 430 Circui

hDO9&10%4&#30. &LOYHE () - &LOYHE () - &L0%H& () - &10%*& () - #30.

manipu 150C synchronous sireams O

&10%#& () - &10%t& () -)9G 9&10%#&' &10%#& () - &10%#&' () - &10%#&' () - &10%#&' () - #30
. &109%#& ()-)*+,-Z[ hD, 9&10%##30. . . .
&10%#&' () - &1004& () - &104@®thod fvouting data tezpmedia storage device (44) comprising:

[\]" abi hHg0&10%##810%
&10%#&' () ~&10%&' (7 -

0.

10

15

20

25

30

o1 oA IPE Rreeriysd packet of dta o be witten fo the medip araes ) o

device (44);

b. manipulating the received packet of data according to programmed
instructions programmed by an external controller (46), thereby
forming a manipulated packet of data, wherein the manipulated packet
of data has a different form than the received packet of data; and

c. storing the manipulated packet of data onto a media (40) within the

media storage device (44).

15. The method as claimed in claim 14 wherein the received packet of data

is received from an IEEE 1394-1995 serial bus structure.

16. The method as claimed in claim 15 wherein the step of manipulating is

performed by an isochronous data pipe (42).

17. A method of reading data from a media storage device (44)
comprising:
a. reading a previously stored packet of data from a media (40) within the
media storage device (44); and
b. manipulating the previously stored packet of data according to
programmed instructions programmed by an external controller (46)
thereby forming a manipulated packet of data, wherein the manipulated
packet of data has a different form than the previously stored packet of

data.

18. The method as claimed in claim 17 further comprising transmitting the

manipulated packet of data to another device.
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il (@Oo%#&I) - #gthod as CIa;m@%#S@lp) 18" whareg#rgnsmyitting includes

1 r1ovee ()T l&lﬁé b sl kSl e G G SEER, 1 ligRaTBat o *
"@!10% & () -sti@cht@UC' C& () - f10%"& ()-@ 10% & ()-@

#1096 & () - LO##10##0/ S| [: AALO## +>1 1 LOWRIR& ()- ! 211 109% H& () -
I1110%H8 ()- RM 10%C'C& ()- DM 109%C'C& ()- " 10% & ()--t1][:-410"

I ) AEIE© g b 8A) sy bkt o

F10% & () -y #&haesd Redntrol tOAheddty| wihekdint the Bristhidibink ar® stgreg. 3 10% & () -
TFI10%B & ()-S #10%W & ()- "3y 10%‘&' O- - 10%‘&' ()-sn"|[: A410"‘
VF" &10% N} & () LF'"&10%s& ()- f 10% & ()- Fs10% & ()- Z10% & () -
-#10% & () -y) Db| [ : AA10Tpe f Eér@gl%’vﬁée(ak clanﬁé@lﬁ’ <§‘a1(1') 20 wﬁel%g/ the 1&9} uctYons are
3+" 109"} & () - f 3( 10%&() f )-s| obU410 " $s10%" & S 10" 10" 10"
"s810% &' () - Steedoet&d @)emoerhlid%s& \r(l)hln tﬁ#m%t“(& §tpre WOFY lsoresponding€sto&a 10%

& ()-t s,& 109%4B1 109" &. () - t. ‘91 " & &10%-,! ~& () -

“e v & 1) - SOPPER i v e 3eim o it 8 gt is Sngipcpippout Hisam
1098 & () - - &Me@&ﬁ_ﬂ a%a(hemo%%&@@@o@re#@h&h b&ﬁ%‘hchronb@s @O YRhE sfrdam 64)
10% & ()- & 10%W& ()- 109%KP" k& (12 8 ()- 4s"110% & ()-[

a+| obU410 $Ld.aw/ss&n(a)syrmmnp@s>stmmo @1@%9 & ()- " 210%" & ()-T°

104" & ()- & 10%!' & ()-+J|[:bU410 ° ~ 10%W& ()- @L10%W& ()- ° ‘10%‘&'()-
T@I0% & ()- & 10N & ()- g 10%W& ()-z"g|[:bUsl0 ~ " 3HIOW & () -

L @O0% & ()- "BO% & () - Thel Gibdia (storagd Il & (dlaimed# 4D %¥alin( )11} Shkleib U0 -
T, 10% & ()- (#1109 & () - > (#10%! X &10%&() L" 10%& ()-S

C 10% Z} 82‘ ) - @o&@m@ 1qs c:th)@%re Sgor cf( ga mQMeLHH/AQ dr&SS( )wthln the control store

. fliéoo/:/? '_ :&&( § )mérgo 9| 100 ondYr%lga éc‘&aﬁﬂe’l nuﬁlbgzp%’r @he(s)te gof ll%tél( E‘Htﬁ%ft_ream of data
"Y10% ! - & () -is"an 9&(&%0110&5 (s)m&lﬁvuﬂldhta\l a!thQMa&dn(e)mny “add6%sV' &repponding to
Ts$10%wW & 10-1-10-1-10-L- 6109%, 5zF7U| [ : vU410
N 100 oy (JFynchrasious gy igtheyt fedm of dai as(yycfff%maisfm@@é?tap A
"109W' & ()-m " "10%& ()-mUrul[:vU410 N yL3#10% wW'-& ()-3° L3#10%& O-3 °,/
109%' & ()- " L-109%'& ()- "L* 109%'& ()- L% 10%' & ()- vU410 " "10%" & () -

+" 109" &'30) - 23.$10%" & The m@mog(;w cJ@ped i <ladon4gfyrther comprising determining a
" 8&10%W' & 00
S'10% P"; & 8 %d‘é%épﬁr e géé%?]l’g%% %%f‘if&‘izr’fh %i@%&m&&%{%&’(‘;f 27
109" & ( ) pare DB Ti%nt ) mepsory #dA: ®riepond{nkQéMtieScHahnel number.
"y& 109" & () - FU@UA10 "z 10%W'& ()-  S$10%W & () - 10P" 10P" 10P"
CEL<10% & ()- 8 10%" & () $5910%" & ()-@<| [: vU410 ° 90y1l0%w' & ()-°
10 & it 1096V, 1 hrdin -
109 & ()Q$n "o %2% %”AS 3 @(%L%%@g@ﬁéﬂ‘%lwﬁ%ﬁq C 7

109" & ()25 ° msmvn&m are stczeclﬁl%lm&h(n)y- dQdraskiddrbespendifg® &clfgnnel number for the
received packet of data if the received packet of data is an isochronous packet of data
and at a memory address corresponding to asynchronous data if the received packet of

data is an asynchronous packet of data.

30 25. The method as claimed in claim 17 further comprising determining a
channel number for the previously stored packet of data, wherein the programmed
instructions are obtained from a memory address corresponding to the channel

number.
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