. @3eV* YVTTUt W@ WIX6XT* Yhr 8wo oonzi 62 2 | Us0o/ 12852 26 APR 2002
METHOD AND ARPHIRATEIS FOR | SOCHRONOUS DATA %Wﬂwﬂmﬁﬁé AN ASNSHIHERUS
BUS BACKGROUND Mel d The invention relates t of data transport,
ahd nore particularly) to isochronous data tran¥6tt over an asynchronous
bus. Background Information In digital systens) data nay be transferred

bet ween devi ces and a shared resource (for”wmmnmmm nmenory). The data may
be transferred in units known as transacti Imm#acti on is collection
of information necessary to initiate or conpl &gyan operation, such as an
operation to read data fromnenory or wite data to nenory. A shared bus
may be enpl oye I i

Cont ent i on st r & METERIAND APPRRRTER ol ool tRal SR R PR Qe

mul ti pl e devices. Arbitration rulags ASYNORHDNEPSBUSN sone form of
priority settings to resolve access contention. One strategy of contention
resolution is often referred to as "asynchronous". Asynchrorous strategics
depend nore strongly on priorities assigned to contending uses than on
timely disposition of individual transactions. A transaction (for exanple a
read or witeBATKGROUNMBY occasionally encounter |ong, unpredictable

del ays whil e pending transfer over an asynchronous bus. Buses enpl oyi ng
asynchronous contention resolution may be subject to several factors that
interfere witigqignely transfer of transactions. Typically) an entire
transaction nmay be transferred across the bus before control of the bus is
relinqui shed to other transactions. Wile a transaction is in progress, a
pendi ng transaction (one awaitin WO 00! 721& 2 6 APR 2002 PCT/ US00/ 12852
transfer over THREVEREIN 1eldes tag field REdya ranspen; andRore Pagisylarkvui® ty. An

arbitration OEBQE%H%F%F'J éarﬁlﬁmb{)ér ain’}:ch nhs M2i ch the control logic for
ic

t he bus determ nes transaction pending on the bus wll be next
transferred. Tine thus spent is referred to as "collision delay". Once the
current transgactjon is ended {he pending transaction nmay encounter further
del ay. This fBREk@ound IRformations |t when another transaction is pending :
with higher priority. This is referred to as "arbitration delay".

In digital systems, data may be transferred between devices and a shared resource (for
example, a memory). The data may be transferred in units known as transactions. A
transaction is collection of information necessary to initiate or complete an operation,
such as an operation to read data from memory or write data to memory. A shared bus
may be employed for such transactions. The bus may employ various contention
strategies to manage concurrent demands for the bus from multiple devices. Arbitration
rules commonly depend on some form of priority settings to resolve access contention.
One strategy of contention rcsolution is often referred to as “asynchronous™.
Asynchronous strategics depend more strongly on priorities assigned to contending
uses than on timely disposition of individual transactions. A transaction (for example a
read or write request) may occasionally encounter long, unpredictable delays while

pending transfer over an asynchronous bus.

Buses employing asynchronous contention resolution may be subject to several factors
that interfere with timely transfer of transactions. Typically, an entire transaction may
be transferred across the bus before control of the bus is relinquished to other

transactions. While a transaction is in progress, a pending transaction (one awaiting



Once the pending transaction obtains access to the bus, a finite ti 3{155 Mﬁ 2002
el apse bef Q¥@0¥1¢62t r ansact i on has been transferred in its eREFMSPYI288r oss
the bus. This is referred to as "transm ssion delay". Al three types of
del ay arc conmon in buses enploying priority-based contention resol ution,

i .e. asynchronous buses. The conbined effect of these delays may be to
render the conpletion tinme of a transacti on unpredictable and unbounded.
Many medi a- SFANGISE @ETdls/Puse Buskiivaibtha MexhATRIE i QIEQRPGFENIAN AN PRAYFEIER devi ces)
for exanple) n.ti.nel [ act | of grrect operation.

| sochr onous EouliERE deaiP it R 4 pHIBRECc8 el Jon B8 kS i BB R YR
amount of datansatioN pandiMEo® therBuk &vifl lba ASAQfanSBed. Ak RigusSspehn ip edfeel dons a
series of tine periods of fixed duration T. This requirenent (henceforth
referred to §8lisiRe del¥chr onous X-T contract) may be difficult to acconplish
in light of the unpredictable delivery tinmes afforded by asynchronous data
transfer strategics. Supporting isochronous devices using an asynchronous
bus may be d@menid disteadirasaciipnviaendddshdpérfdarg ingpsaninithomencoatteofurther

t echni ques. weyer) ny buffering techniques rely upon excessive buffer
si zes. Thesé;gg’i/c s fyhop e iRg magi s “é'ﬁ"t“eaﬁ‘ﬁﬁ‘cfﬁa'é?é@tﬂi‘rfﬁ PFRAINg path higher

unpr edi ct ablgiofg) a4 it MIEF&No d@'i“'h{bi YAal9nous buses. Excessive buffering
may add undesirabl e processing de a@? cost) and circuit size to conponents
that inplenent ‘an XT contract. Flow control may add unnecessary conplexity
to such co nenrtgs 2@. wel | .. wo oonzi62 SUMVARY 2r 6 APR 2002 Pcrti) soon?ssz
A nethod i nSTUEYE RELIEIGNELEACBRINSGTCEE HENE PHb A THRCAUIHERY SRBYRPHOE such
that the comkeiirs@ilionladBed rarsRERHGRAY Entlrt@ASARE iHebhis OThit RerefPrBEHELNOUS
bus is bounded. A first device is coupled to the asynchronous bus to

recei ve an i yaesmisnonudelry arfshdreorypes offckay arserimensubusgeomplyiisd out put
the i sochr ongis | EABSBGHEAR.OsdNfore Y NEMARAYSS hlig, A second device i
coupled to e dsynchronous bus o 6terde e} SOCHr onous transaction from
t he asynchronous bus and out put the isochronous transaction to a third

devi ce. BRI EF DESCRI PTI ON THE DRAW NGS The subject matter regarded as
the inventi diecempuet ctegtof thesp delayemaybe todrﬁﬂd'-‘dit&%mlwgprbq"arﬁgﬂ in the
concl udi ng i AN j QM. Liayent i . y be
urther Underorsaeh BiprdraD R el M kY A bl e e B P ead
wi t h ref er enideotceptuteennd payvpeingé vice s dfoaekangsle) iayGiepend en sinetheamsactondi agr am
illustrating an enbodi nent, of an isochronous data tra ort in.accordance
Wi th the pr oo RPERIPErSOw Erous egices EaEs Be ransip e ipiia PERFe | ng an
enbodi ment  afaxanéldtathdRhOsfaied X9vid vk 6EmerErAYAdtidna ubiiR e RiNodGh aan

i sochronous data transport in accordance with the present invention.

DETAI LED DEseespftion prredepfivxadrannationdle ddvis iseeirarant (hengeferthwefamed to as
illustrative., . o ' h LWL i af.e t NnUITer ous
nodi ficati o?nhse lg%ﬁrog@ %gtc%ﬁ?acchﬂﬂ%'ngﬁ ﬁg'ceu\é\ﬂs‘l) gﬁq'p‘{vl\ﬁ%ﬁﬁr?hg?thégq}gccope of the
present i nvetiprediotable d2liGerpifirncdCidrded by asynchronous data transfer strategics.

Supporting isochronous devices using an asynchronous bus may be accomplished using
various buffering and flow-control techniques. However, many buffering techniques
rely upon excessive buffer sizes. These excessive buffer sizes attempt to account for the
unpredictablc dclays inherent with asynchronous buses. Exccssive buffering may add
undesirable processing delay, cost, and circuit size to components that implement an X-

T contract. Flow-control may add unnccessary complexity to such components as well.

(%)



wo oonZ t 62 Pcr~rsoon2ss2 An enbodi nent of the invention is descriZo@dAPB 2002
set .t he boHALBRAF conditions under which isochronous trans&ET{USHEI2EEY be
transferred across an asynchronous bus. Such isochronous transacti ons may

be transferred in accordance with a specified isochronous X-T contract (up
to X bytes of data processed every T seconds). In accordance with the

present invention, it may be possible to accurately determ ne and bound

col l'i sion, SPUMMARY and transnission del ays for the transactions on the
asynchronous bus. It may thus be possible to nore accurately determ ne an
anount of FIFO buffering to neet the isochronous X-T contract.

Consequent | ya pleBQ@ENMANGESefl o RREnBSY m{aﬁﬁwe% hénrBRohs s SacAngdignd ed

over an asynchror]ous bus I n accordance .WI t an X- contract. Excessive
buf f er si zescoatedtién delay ohispeiromaus tisasasionderdthe @mcbramnouds basis bpyraed.des f or

the transport of up.to a,specified maxi mum amunt of .data (X) each

i sochr onous flbréﬁ"{c&f% ('Slﬁouzféﬁ'dglggh%ﬁSYH‘éVﬂE?’i’n})l!’H%@sreﬁﬂg? ap H’Og'}‘{ "é‘ffif&aﬁ%ﬂ?) t he
asynchr onousfrdikan MaYhBRGS devitiéRiheoutgaithe ibahfonduPiransabltith 18 dhPasiBohréifous
transmtted in either direction but not in both directions sinultaneously.
FIG 1 illudtusatheeconddsyice & cayeled ip it arprmhronogs bes @ rgenjyecilic isvciyeausde

i sochronous . rt..J A r i ti . such a
dovi ce may BraHch HAGPRE'askibnRisas BRHEE gl o GREDLrah R ol

i sochr onous devggasport. The invention is not limted in scope to four

stages. Ot her data transport enbodi nents may conprise a different nunber of
stages. The figure illustrates one enbodi nent of the invention, however the
invention applies to any asynchronous bus in accordance with the
constraints and boundi ng conditions described herein. For exanple, the

i nvention a@RIEF DESCRIPTIPNe®H THESDISAWINGSs hal f dupl ex |inks. The
sections) stages and buffers enpl oyed by enbodi nent 100 will now be
described. The flow of transactions between stages and buffers is al so
descri bed f this.e [ . 2 . n P 12852 Each
stage in thce)fhlelsf'ifﬂéf[rrg%{gcg rg%%c&l arsré%? 9‘6’%#‘ ﬁgg%r“gﬂgﬁgp lj&‘r%’r%eougl_rw?a%nca?
First-1n-Fireidimedlin hEt&huding beftidn oftie(Specificativh. The fivensnl heweer.tmay e er at e
del ays associated with the contention resolution strategy enpl oyed by
asynchr onoudunhes updeystoad by sefarepreigsthy i‘dbo“’l%d%é‘%ds‘icé?r@‘@i“gﬁg%“h or

transacti on . sinmply "transactions") awaiting
transfer ac?%%%ﬂgﬁgt%é&olq—]ﬁﬁ‘&{n?g’&p’fg% in stage B may store transactions
awai ting access to the nenory system Bus 135 couples stage Ato stage B
and may co ise, for exanple, a bus .conform t o Per.i pheral nponent

ot er connecPIBRCH p sSisa i dhagring 1 patiue 31 ShBrdsnte itdehrordys e,

avai |l abl e fr[gmﬁohﬁnagor&%iva{h thBpedseitindeno® at ww. pci si g. com Li kew se.
stage C and stage D may be coupl ed by the same bus 135. The nature of the
bus may vary with inplenentation and may conprise, for exanple, a

hal f - dupl ex ri al tal. - - ' . el bus.
The 111 ustr SGc Brssr RalFegsrt i s hapdiortr FHiL oIS
two sect i onempldyéngartdrmiosdithint dfrindsdcamasus due tramspotidn davordamsc with thet he bus
135. Anot her section 118 interfaces bus |35 with the nenory system 180.
Those ski | | @FSEH IBYEUGRt wi || appreciate that both sections may be

i npl emented within a single circuit package. Al so) the invention is not
limted to two sections but is illustrated in two sections for purposes of
sinplicity. In should be appreciated that nmenory 180 is only one exanpl e of
t he devi ces ' [ | be coupled to section 118. In this
enbodi nent @%‘ﬁ@ﬁﬁ@gﬁ@mcu ons (for exanple, read requests and
wite requests fromto nmenory 180) enter the isochronous transport at stage
A. Exanples of the types of transactions which may enter at stage A include
a read requdaht einbatiaats deScribed harchh bicandrelgibadirativarnadohe skilledimahe gadill
request transaction may conprise_an address in nmenor rom \r%gi ch data is

. . nory f !
returned in3pPTEEals tha nUmerqus aprdilications cam bermade whigh ageathedess il VHBIRgRS se an
addr ess Spe?%gp\éio‘?%etﬂ?&cq?ﬁx%rﬂ%do” in menory to which the data is to be
stored. The Ite transaction may al so conprise the data to wite. Awite
request may or may not result in a returmtransaction) depending upon the
i npl enentation. In one enbodi nent) asynchronous devices may share the bus
135 with the isochronous transport 100. These asynchronous devi ces may
cause asynchronous transactions to WO 001 72162 2 6 APR 2002
PCTI LJSOO | 2852 pass over the asynchronous bus 135. These asynchronous
transacti ons do not pass through the illustrated FI FGs of the isochronous
transport 100. An isochronous device may submit a read request transaction
to the nmenory system 180. The data returned to the device in response to a

N 1 o, T I B N 1 o N 1 . o, o o
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| isochronous periods (T) following the read request transaction to which
they are reeporRilee. The nunber of isochronous periods (T) Porfusodngsat he
read request transaction is determ ned by the X-T contract. The rates at
which data is transferred into the various stages are now descri bed. The
del ays encountered' at the output of each stage are al so described. In one
enbodi nent) buffers are used between stages. The buffers provide storage to
transactions transferred between stages. Stage A conprises FIFGs | 10 and

120. FIFO 120 mag%%t ore (rj‘gad requests received froma i sochrqnous device
ext ernal t o AheMPAYRIRbALIIS IveERiS descripedio sey thebgyndsiand congitiens yndgliest s
received fr : I i i d
out put del a?’mé%’?%Pﬁ%‘%E‘?fg@mﬁ%aﬁ%h‘?fgc E%%@fgﬁﬁiﬁqgﬁ?@ggﬁgl at eg' gﬁ?‘put
del ay Daw 13fnchidnese transactitre g meytsanefecred it &cortabye witlaa sparificnsodheenourg

Stage A for e bus 13S. age conpriseg wi request FIFO 150, coupl ed
to wite reaﬁ-gs‘io"ffﬁ%um%Wg’?toggém,&.roceﬁ%ﬁﬁv%tlﬁ%’f h It eroedaggg aifhdhd’
provi ded by pp@ax¥nOhvittfonl Rna ‘é‘s_iﬁcftdlﬁéch%rtc&%?{éﬁhﬁu@%nd B&thd'ANest, FI FO 160

coupled to read request FIFO 120 in stage A" Stage B output is coupled to
menory 180. aghitigieorBarhisansmisssanatelays &at thautrgnsctibmis @y s yFchrontius bus.dt mhpy

del ay encountered hy.transactions | eaving Stage B f 180. | n one
erbodi mont - S RoeleF A poi sty FehRe shatene FEE HhEEpe fmes s 6o
and wite FlifdohtddudBCaUEsRrat. CoRelicdhy |isdhsdRRsl derh ahdigsymEhefidusldith moy WO
00l 72162 2 6 APR 2002 PCT/LJS00/ 12852 Stage C conprises read return FlIFO
190 and out patragsfegrpd prerapasymhpgmousbus ig ageargansd With anaX- Tofonpaet- Exssssive r ead
return FI FO i:D.S , tput delay Dd 125. Wite request
FI FOs may ngglﬁgreélgﬁp%ngﬁodpf%"ioﬁgjgéslac 9@%‘2&0 if wite requests do not
generate return transactions fromnenory |80. Those skilled in the art

w | appreciate that the del ay bl ocks represented in FIG, 1 nay not
represent a@FAMRAdImERLRIOVIlFCiORY raBTROR dPAY 2i5PEsiicd HREMYFAMNY of o

i1 Tustrate e (k9eatl ABcMbhdseibe (TS0 APRYACALANRRAL InBhe WhbGandal ays
may be encountered by transactions noving through the i1 sochronous
transport. AhqasyhcHronous tasseeyttiednif-duplek oDh @waffrdmplexibes dateaimydigous device 'to

menory 180 includes.Stages.A and B. Transagtions rmay be received by FIFGs
170,150 ot FOUHIGH 4T SR iR o by aerd PR AR s G uero T Ont ot
Transactions may be transported from FIFGs 110) | 20 over bus 135 at rate
Rby to FIFGOs_150) | 60. The synbol y is set to 'r' for read transactions
and set to . fd}uswmeﬁefwrasmaembgq!%mcnrnw@mvmso pigyidsdsacheanopddatad from
FIFOs 150, 100ni e TRIRES B0 Bln Gi8HEBRTinvenfidl $uln RALCS By bLARSACH fGaps from
menory to the 1'sochronous device 0°I e I°0aes > ages and -b. eSponse

t ransact i onan isdghfaoig dns pandped of siarplnBoEHrynduSQranspolrtl FhE irffentidn isabe Rm | n

have. an | nplimiied B Seeds To saees. Qubes deth anspor RSB By SRR  y i ool
apply to hi diffSaRednTBRIBE §tSsks. igiciﬁ%&mu%ﬁcm b ddirAdh: BPfHeGRvention) FI FO | 90

over bus 135 at rate Rd to 'T—'IF_ Transactions may be output from FIFO
| | S at i sbewewithsinvaniéorRepplitsntoany esytalmonows hus ie hecopdaticewiththect . 1 n ot her

words, an X-T contraci, may. specif.y that .r onse. transactjons he provided
by the | SocRITANL S pRRYiE ER e ERiriber TBE o fPANAR. e el
transact i ongppifes t6 AAPHYREK pykstalgg,cusagﬁm.gnp]gﬁ_m,kgnsport. All rates may be
expressed for purposes of illustration in units of transaction size. For

exanple) for read requests Ror may be expressed as a multiple of the size

Che'road redibgakont SRS ML I o B e s PR IBR ) By e Beberehe® ©F

The flow of transactions between stages and buffers is also described for this

embodiment.



transaction size. Wen expressed as such, Rby and Rd may be_defi ned ZaB éPlg 2002
transacti oﬁv‘?g?’yéﬁz Rate synbols in FIG 1 may be interpret eﬂcyyé%q”&?ﬁg to

the follow ng definitions: Synmbol =Rxy R=Rate x= I nput stage y = Read or

wite. Not used when rate is identical for read and wite transactions. For
exanple, Rbr is the bus read transaction rate into stage B. Ra is the

i sochr onous a rate . ingo st A...In one enbodi nent this_.is_ the sane for
read and vvril'?aé:%rsgéﬁé%f@ f‘ RIS S Oismeiy GPmPRSes opg eF maEd AR TRt

utilized). AFTROPMiraus! FIFdRSEE bmﬁam&m&a@&wna&% gemgE a0 Rl %gmwnchr onous
bus may be subject to delays. These del ays include I'l'l st on del ay,
ar bi trati on apeteayipn sesdlution ssategséroploged by asy@dirbngis bns d3. SyagesA FiOslel ay

which a tra lhon counter while await.in not her transaction on the
bus to conclnf}g’clt2 @fm¥r§tsf%ﬁy g %‘i}‘ﬁ’?‘%ﬁ@'e&]&?f%?ﬁ\?ﬂ% ‘Qafrs’:i‘ﬁgécti on nay
encount er Whitdags4tibey") BRAIding rahdfetzasss bR $3RFEFAY | SRR ih Otal gég thilesiBis. Once

a transaction is granted control of the bus, transm ssion delay is the tinme
it takes to Hansarsions awWRItAR Jeaess leriheimemonysysterrh Bus i 35 eeupledsctiged torsagsaBt i on

rate. Constr I n 135 to assist in
determ ni ng gg%%b@%&?f@%g’gﬁ'g‘)égqf%lﬁ%?%@%f"rngnégow °i”g?55%"}&°“%%u| d be
appr eci at ed Inteadonhie (PGNSSpeeifioitondeacri. Dasubel e 1219 SEdelviildiefiomage of one

enbodi ment the inventigon. Qther constraints may be enpl oyed for

di f f erent %ﬁ@?@ﬁ&aé Intgas Graup M%wpqca%fqrbrhbw@@ts%e CragstageiB magdci n t he
art will t @,qg% t he
bus a bus cg:?])tﬁgl'c?tbzrtﬁ%h%%gmsﬁagﬁgbgw cesy&% h' COnst l?@%ﬁ%ﬁ&gﬁtp

cour se, the mayemprise, fos cnaotple] nhadfeduplex gl q:rq:ratallehlbtarortaefnh-lduqlue sérial or

i mposi ng sai d @Opéﬁltral nts) and nunerous other possibilities for doing so
are cont enplPAf&G W% hin the scope of the present invention. wo oon2i62 2
6 APR 2002 PCT/LJS00112852 In one enbodinent) a maxi mum bus transaction
size may be set for the bus i 35. The naximum bus transaction size

det erm nes tle lmiamﬁimmhmlm@mdﬂoblyQVe%anSO@mr@umamoacomansastwtmn may
comprise. - Selhiglg GpdBALEY T Piferkansastians akas. T B 856, & dagnd, upon the

[
collision delay a transacti on nay encoun 5ct|on

size may al sectianSBriaterfatdsdusazs Wmtlﬁd’ﬂsﬁlﬂiﬁ@k@ﬁ! 3ol 'auosersmuatrethednby a
transaction. To place a bound upon the arbitration delay, a higher bus

arbi tration il .aapﬁesgatentﬁyt both sectipRsTRAY %w@aawr%wbrntarsarrﬁaemwclsweput to
the bus 13S o the
bus 135 by A Eb K00 el ari: iR BRcLEARAPER i} NERRAE) IS Bl ol T "he
set hi gher @smmzfrsadphmt)abyﬂmhlddjwpsrdcramdshntmmyd80pubnlyonddsvemtpls 135
by connect ed chrono devi ¢eS: However, this é‘l qne possi bl e
oo mont - S EYRES P RIS AT el B epled R SSHAT | B J FORCTBOBBAL t he
delay to lSQﬂhfdéﬂﬂM%ui {radbaaedns Ofos ek fmplk, L rBad reh HR 1A WA TP kedjuséls fr6@AS Of the
invention. In one enbodinment, the value of T (the tinme period for the X-T
contract) i sesearydB@renierdhe ispghrorgusiteapsrioriasiage debkamplenefthe typeoof he

! SOChrO”OUStJaﬁ?a@ﬁQr?J &mmmﬁum& A SR dﬁ% 1¥3d .fcﬁ&%t ki R0ARH A8 rr‘?t%”eSt S
The device rnay a g 9 rfespon ContT RUOUS Fead P&ty

transact i onsequéstaransation dnmamlmqum trﬁmc@drﬁlﬁaﬁttbﬁ@ﬁsc&ﬁ raadﬂamusnemm’fye
request trapsactions. In synb T .= Isochronous tinme period R = Size of
read reques r°ﬂ‘é(ﬁ§5(f’ﬂadﬁ“?‘ﬁmﬁ trle"s"°96j et ARANSACiGR-j 4 é’"l‘%’(ﬁﬂ‘éé‘f""("r‘a%actl on in

bytes S = Sb&:ﬁgﬁgc z{neﬁﬂl_résggh\“{ ! sfnrg%@&%hhﬂfbn ifl n%o‘?? to FicH e dabyie }5\1 * C

where Cis a constant 1 n u seconds per byte. e actual value of C
is determi ne@rdﬁyThhe/ritsU@rhﬂagtmusa)r alsecarhpriseghexdara mntmeabtwmsmques«anw e) for

an | Sochrongus.l abewoll A% HEAR DY SR M BLpdiing 15800 ibemGudtion/ Bbrd00: 000
embodiment, asynchronous devices may share the bus 135 with the isochronous

transport 100. These asynchronous devices may cause asynchronous transactions to



2 6 APR 2002 WO 00l 72162 PCT/ US00/ 12852 recogni ze the fam liar nax 26 APR 2002
operator, WR® 2t urns fromanmong its argunments that whi chPCIUOYIEER in
value. Selection of this isochronous tinme period may all ow an i sochronous
device to send a continuous stream of read request transactions to the data
transport enbodi ment 100. The device may al so receive a continuous stream

of read return transactiqgns, or send a continuous streamof wite request

transacti onPSTHET SYRARQRRUS P8H | 31 Ibeserasynclirenqug tirasAchenssda ngjPask er t han
the isochrongisck t"HeEillﬁﬁratmto‘?ﬁwcwhﬁg%u%?w;tg?gfUrther set to a value

| ess than menory rate Rm For exanple a ronous device may
interface to stage A The bus 135 nmay conprise a |00OVB/s PCl bus. A 1000

VB/ s mam)rylgﬂs X interface stg\ es B and Cto nenory. A strate)?#/ for

det er m ni ng LPPIIORHEvIcE may bR A TERDRAUED baDFEHON @ e BEMPELEaRA. Thi s
strategy Is l@g.tﬁieml:ﬂﬁgc_tﬁrﬁcél tcgt!ﬂE d@&ic&&%%?’oﬁké%sa &5@?&%;9::&%95&691‘1 [ @llkPa.
transm ssion, and collision tinmes for the bus 135. I'n one enbodi nent each

of the buff aeasd netyyn pransagtion.dn gng embodimertriniwidch writd wansactions dampt ganeeate
effective drain rate, for. each of ,the buffers. The buffer sizes

Further " det & eibeass: Ses® CuERGUes o e gl HaBsacl s REWLGE R sfFRlp 160,

buf fers. Theigelbikes heskasadyurtRahiLtion deHY © sifpeDviankebusimsastacams por t
over the asynchronous bus 135 without excessive buffer sizes and wthout
enpl oyi ng ePaesssihgacad wiyre srapsastionsput of the dsachongpsgiranspaft dOR#gthee defi ned as

the rate at .whj . NS, | I il of
pr ecedi ng bd%&légs& O?Snﬁ)%%e{ng g%:rﬁlr@zo%%gg %‘Qﬁ‘éﬁ@%%&ﬁ’gg g‘#ﬁﬁ tl{e% V];)clactah" u\?\%b%?: ﬁF

i sgchr onous ifochronaand paiwls (Tfotbwiny thel ghad rdyprestatmsidtian 3o ahich. thénsreenbodi ment
of a technique tqQ determine the sizes for the buffers of an enbodi ment of a

dat a t r anspdFSPORSH dye Ymberekispchironoys perirdsi(h) (llosting thaaead leawsst ow. Buf f er

si zes may quggarc%mmmm%xtﬁ%pmcgmé /s at the buffer outputs. Delays
a

at the output pons of stages nd C may be partially determ ned by del ays
whi ch 10 2 6 APR 2002 WD 001 72162 PCf11JS00112852 transacti ons encounter

at the bus S. As previqusly noted), .the delay which a transacti

encounters at'cbe Tﬁ@'ﬁlhga[% ?']Stﬁéf%h?‘gzh% ﬁéﬁggs:ar%ngw& f‘gﬁ’Sﬂp_ﬂéﬁ ay, an
arbi trati on déRbo¥ncoan@red dt ki \Gupui OF esthdedg@re 4150 8&kdabdddn form Diink = Decol
+ Darb + Dirans The collision delay) Dcol) is the tinme which a transaction

may wait for another
In one embodiment, buffers are used between stages. The buffers provide storage to

transactions transferred between stages. Stage A comprises FIFOs 110 and 120. FIFO
120 may store read requests received from a isochronous device external to the
isochronous transport. FIFO 110 may store write requests received from the
isochronous device. Read FIFO 120 has an associated output delay Dar 140. Likewise,
write FIFO 110 has an associated output delay Daw 130. These are the delays
encountered by transactions leaving Stage A for the bus 135. Stage B comprises write
request FIFO 150 coupled to write request FIFO 110 in stage A. Coupling between the
stages is provided by way of bus 135. Stage B further comprises read request FIFO 160
coupled to read request FIFO 120 in stage A. Stage B output is coupled to memory 180.
Stage B has an associated output delay Db 170. This is the delay encountered by
transactions leaving Stage B for memory 180. In one embodiment Stage B delay Db
170 may be assumed the same for read FIFO 160 and write FIFO 150 because of the
high I/O speed of the memory 180.



transaction to conplete before an opportunity to use the bus 13S aZi&égR 2002
Dcol. may beVBANHJ&H by assigning a maximum transaction si ze BFUTRE*BLs

135. The maxi numtransaction size may al so set an upper bound for Dtrans
approximately equal to the time it takes for the bus 13S to transmt a
transaction with the maxi mum size. The arbitration delay) Darb is defined

as the delay encountered by a transaction wi shing to use the bus 135, after

t he next opportunity to use the bus 135 arises. Arbitration delay my be

encount er ed gihgrc E&%pﬁkb% réaPrellfs EARS 190/ &id ﬁhcﬁ?b@idf”ﬁ@@?}@@%ﬁl@é Wi th
equal or higher priority are pending to use the bus 13S. Arbitratioh del ay

time may be byevaofi nsd 3byo rdad repeackiFOcl 1qribstagaDi Stage & bas aigput delay Ddhe bus
13S. Differ .npl ement atjians na I djfferent. arhitration rules.
Those i {1 eran MRbTAPRTaRCS ey oonE Podtid inifrell Frdf bt e Bt ¢ o
ar bi trati on.norgénegatad fdhR) trahsiiiondfrbintrRémayi1gh. gi ves hi gher priority to read
requests nay cause a wite transaction to experience higher arbitration

delay than a read transaction. The wite transaction nmay experience higher

o 1L 20150 koY O BOUR 1SR Y AAAIBREL ARSI T

Write requesios repptesiaittnl airt @R 0Inktead) 3ach deddy Bloci@ape piovided tbily3Ghte the
arbitration delay than a wite transaction,, The read transaction nay
experi ence HPEAHER Witin thedsachrPraus knsppré At Woich delautimay dewpeauatared®sact i ons

are pendi ng t%sa&hgré%)h%vi]n&?’hroud?th@.iﬂgﬁoﬁg@&rﬁgﬁm' 72162 PCT/ USOO 12852

Buf fer sizes an ay té€rms are interdependeht and it is helpful to
proceed with the determ nation of buffer sizes before making a

det er mi nat i del ays..ln the foll owi ipti. FI FO sj
oL e T nat | g Siant ad Pigh i et Bycl o BhAShElf e B8
transacti on gigged AbM{oefE)Tﬁnﬁa%ﬁQnstrﬁﬁﬁ}&Z{éééi%H By FIPOM 11100, 120%t 7R chbnouskitebyt es

woul d have a transaction size of 16/4 = 4 transaction units. FIFO output
del ays are Rainasedaros withthadel contndct.dransactions mgydre transperted fymFdFQoDxy D=

Dol ay x= St 08 o pvERRN 195 bt Ry MR G986 PrlSl ol 3 ol woR) o 1o

and wite tr ner € size 0Of €ea be "det'er m ned
as a functi aransdctibfiearid det toard foir i trapsREond. TrdiRadtidn©enabeviednkpaaed tffoen
out put del ay_ti ne, sgnbol s for_expressi n%ﬁI;I FO sizes are: . ol =FI FOxy x=
Stage y = Rﬁ%obﬁ% Q o megmery B0 e Rms Antstur pahifer TaRsacHffs TOBMEeBRY wri t e
B;?gfﬁf;;gn‘z‘% tHeS528rdridES Be VTP MclufesTstdgts & £8 D). Respbiid trafisdti¥ndiRay be
tra'nsponed from memory 180 to FIFO 190 at rate Rm. In other words, for purposes of
this analysis memory 180 may be assumed to have an input rate equal to its output rate.

This assumption may typical apply to high-speed memories.

Transactions may be transported from FIFO 190 over bus 135 at rate Rd to FIFO 115.
Transactions may be output from FIFO 115 at isochronous rate Ra, in accordance with
the X-T contract. In other words, an X-T contract may specify that response
transactions be provided by the isochronous transport at the same rate at which read

request transactions are received by the isochronous transport.

All rates may be expressed for purposes of illustration in units of transaction size. For
example, for read requests Rbr may be expressed as a multiple of the size of a read

request transaction. Rate Rd may be expressed as a multiple of the read response

7



FI FCar = ceili %iRa * Dar] FIFOCaw = ceiling[Ra * Daw] In other words ﬁsf‘@%emz

A FI FO si 280 YfR21Qet er ni ned by the fill rate (Ra) nultipli eﬁcws?oﬁég age A
out put delay. The product is rounded up to the next nultiple of the
transaction size. 12 WD 00172162 2 6 APR 2002 PCT/LTS00/ 12852 For
conputing the stage B FIFO size) two tine periods may be considered. The
first time period is.the time during whigch the stage A EIFOis not fully
drai ned. Ther&@&EY Sﬂen@ heexpgssed af suchy Rig ang Rd mayrhedsfisedigibus FI FO i s
fully draingdnJdh®n4aesle ROy-Ra is the effective drain rate of Stage A FIFO
when Stage A FIFOi1s not fully drained. In other words) this is the
effective rate at which Stage A FIFO depl etes stored transactions by

out putting themto hus ., The rates are suhtracted o account. for the
fact that tﬁgm%?)é{ﬂlé&ﬂ"?:%w’ﬂ Be Hterprefegiace '“é\}gﬁheafé’h?‘f”“érdgﬁﬂ‘é‘°3f' rate
Roy. The value Ra is the effective drain rate of Stage AFI FO when stage A
is fully drained. In this state) transactions entering Stage A at rate Ra
are effecti vempolpRxged t hrough" to stage B over the asynchronous bus 135
at rate Ra. Tzqga[‘;_erm Fl FCay/ ( Rby- Ra) describes the time enployed to

conpl etely cFral n-Stage A FI FO once a buil dup of transactions occurs in
Stage A As stiapecktpgeevi ously) the transaction rates may increase as the
data flows toward the menpry system 180, In other words, Ra < Rby < Rm
Assune the tiTrBepd of WKiks Noy usrdayvhen nats isidggdcahfriread ang wyiile sfagsactiongn t he
Stage B output delay. Then the fill rate of the stage B FIFO is Rby.

O herwise, the stage B FIFOfills at rate Rby until the stage A FIFOis
enpty. The SoagearBple| Rbr ishisnbds reddstratsactnaaRantb arage Be Radshie iabehroadud he
stage B output delay. Thi el at i gnshi . be expressed as: FIFChy = Tine
during whi cﬁaiﬁlrﬁﬁdﬁ)}/%?g? 1{";P"af=a1 depent sy tha fprrseggnf wrwea?%med and
filling at raifeRd rlbmrﬁélfett&%cﬁggﬁﬁbﬁkE@ﬁi’ed?‘.o'[ fully drained: ,

cei | i ng[ Roy*m n( Doy, FI FCay/ (Rby-Ra))] Tinme after FIFGCay fully drained and
filling at rate Ra: ceiling[ Ra*max(0, (Dby-FlI FOCay/ (Rby-Ra)))] Note again

that Rby is tshe ‘t,.r a s?lctci on rate Quer tcrr\e Eg%ﬁlchr oBous qijs 13ﬁb. T\%g{/{ Rby
may be di f  A1SGHEVIPBYY SN TRISRIOTh aYe AsParyy AYRcPioRtia s Manbs PRECUR Les
may be diff geRpt. THe8S defags indlude ¥ eMBisiod [delal aa5iatioNBEaR fafd anshhikdiet @hy.Si zes.
13 2 6 APR 2( WO 001 72162 ) . ) .
Collision delay is the delay which a transaction may encounter while awaiting another
transaction on the bus to conclude. Arbitration delay is the delay which a transaction
may encounter while other pending transactions are allowed to use the bus. Once a
transaction is granted control of the bus, transmission delay is the time it takes to

transport transaction data over the bus at the bus transaction rate.

Constraints may be placed on transactions over bus 135 to assist in determining suitable
buffer sizes for the transport 100. It should be appreciated that the constraints described
below are merely examples of one embodiment of the invention. Other constraints may
be employed for different implementations as the application dictates. Those skilled in
the art will appreciate that such constraints may be placed by coupling to the bus a bus
controller which embodies and enforces such constraints. Of course. the invention is
not limited to any particular technique for imposing said constraints, and numerous
other possibilities for doing so are contemplated within the scope of the present

invention.



PCT/ US00/ 12852 | n one enbodi nent, only read return transacti_ons ar el b APR 2002
consi der ed YOO%HE r et urn path (stages Cand D). In this enB&GA RN 2853w i t e
requests do not generate return transactions. For stage C, three tine

periods may be considered. The first time period is the tinme during which
transactions output from Stage C are delayed. During this time the Stage C
FIFOis filled by read return transactions fromnenory. These read return
transactions are generated by read requests draining from Stage B to

menory. The $eeRebddiRich© a GPBHhERbus Srads@idd 12 Hay b WhHRdbdy pIXS@RL | ons
output fromstage C are delayed and the Stage C FI'FOis filled by read

return transZiTows bys frepsechen pye delemhinesdbemasimymmsembertaf byleglof d8aadichB t o
menory. In ot hear avcvprdsa Scta e. Bc%ﬁ.ful I%x.drai neg. The third ti t% d
consi der s PAEE RN B CRETT S inea A B Hanston igrinay lpge baped not
del ayed. FI F@porrthEcaniasildedsisa @atishetionlmifaBnSo &, Thélphrfn 8a¢iraisadfnB not
fully drained + Transactions output from Stagc C del ayed and Stage B fully

drai ned + Tr 838 Mayiab9<ConsH AN the MaxHNSHERRSTIssHN dglaly gpequnterechbya transastionut put

from St age I not  f y i : Lkin 1.nGDc,
Lrom S age CIUSIRLSbaRng AR08 oMol it UL SR SRAATOAETY BR°,
fully d][ ai nedssighed o 'rsg{:hrgm?ﬁthgEﬁnibhf dtpuRo JheDay 135 ggmlgﬁ')gjébl'[/[)?aeaﬁdl) ;);118
output from Stage C not delayed: ceilin * r- Fl FObr / ( RnRbr
Not e that i nTaSRPRSCLRAAGHRBHPURYCA thechyy 13@3@@58@ ARIBAUPRIYRE ses
from St age ; ; I8 L h
Stages C ang\d%.gc ?g&galzﬁg Al R&S%gg% %5%@?%‘2:3 g%#ﬁ %@%@’%%@5&9@5%& return
t ot he det er tn thabuph3oby derireypted fagynchivponsadeivizas Huvayes to$ istdndy bmeapaspiblet f or

thi's particul ay enbodinent of .the invention. For Stage D, a delay nmay be
appl 1 64 on r BTG ATOrRSEIDE GRS TasAE B PR Sarre Bpu BESSY T3 <

del ay may beisapitbhéifh th@stRUe w1 tHeohichpPited R8Fc bth&! idvehfigiisact i ons
before the time interval for the transacti on determ ned by the X-T contract

has arrived. .The delay to i npose nay be determ ned by subtracting the

i i i POt efi bl QURALED AR b THRYAN. MBAT8H de SEARBRR, ETBRELA

fromthe maxinumpotentral round trip
such that an isochronous device coupled to the isochronous transport 100 may submit

continuous read transaction requests. The device may also receive the corresponding
continuous read return transactions. The isochronous device may also submit

continuous write request transactions.
In symbols:

T = Isochronous time period
R = Size of read request transaction in bytes
W = Size of write request transaction in bytes

S = Size of read retumn transaction in bytes

T=max (R+S, W) *C
where C is a constant in units of seconds per byte. The actual value of C is determined
by the isochronous rate of the X-T contract. For example, for an isochronous rate of 20

megabytes (MB) per second (s), C = 1/20,000,000. Those skilled in the art will

9



2 6 APR 2002
Drain = ( 1/Ra + |I/Rb + I/Rrn + 1/Rd + Dn) Dmax=Da+Db+Dc+ r is the
del ay i nhePEh2¥2t he menory in fulfilling a nenory read %&@?&0/% si ze
of the Stage D buffer may be conputed as: FIFQd = {Dmax-Drain) * Ra As
previously noted, the collision time for the asynchronous bus 135 nay be
bounded by the maxi num transaction size. The maxi numtransm ssion tinme may
al so be bounded by %h? m?xi mum transaction size. In one enbodi nent) the
maxi mum ar bi FEFAENENE it #BIRR AN CRERICANKER TEHTHHYMAMAN RS EWHCRS thaly be
det erm ned i RrRREL hiRKed REvARDI tration priority rules. These rules nmay apply
to read) wite, and°read return transactions. The maxi mum arbitration tine
may al so be determ ned by the nunber of each transaction type which may be
stored in buffers at. a gi ven nonment. As rev" ousl?% ot ed‘} J’rcn. enbodi nent s
enpl oyi ng FI PRECHOROEHS YSpERropeYs thRe By, Ylahan FiPeuopedsidexice 4R 8. The
maxi mim nunbggntiRhous! AR EMCIf Ir@4HSredhts EtarTBtiocAS 1 PRB AhAGrah §port Afodimedt Idp. 2 6
APR 200Z WO 001 72162 PCTNS00/ 12852 Maxi mum nunber of pending read
t ransact i onsThe daveat tay Ssafaseixe aRpMiRyoub/bixdamuoh feaditseym dfanpastiding @r seridi e
transacti ons_st.ored itnaSt q.%g. A Fl F&)awaL'l.kewi se) the maxi num nunber of read
return transSTETENE SWEADP v FAUEENEMHS PR St age C i's Maxi mum nunber of
pending read return transactions stored in Stage C. FIFQc In one
enbodi ment, isochronous, transactions pending on the asynchronous bus 135
may be grant € psiteansagpiopyates By pethRe maydeselagraziet thamthe izepheanoys sie Ra.

transact | onsyy 6,398, AR Ak PR bRl Qkd X Va0 < RaleiQl @ RE iyt © any

delay to the arbitra I'sochronous {ransactions ays nmay be
encount er ed édanipleca RO MBA dsehivabueddvicstracinBriaoeonseaperd. THGbus'13Amadyher

del ay may be encounter at_the interf of menory 180 and Sta C. . Ln one
enbodi nent  efASIRSF ﬁﬁ&ﬁ@é?ﬁé RP%%@%@%W%@ R GRAYS RS Stﬁﬁrgz%a%#ays
may be detergifgrbdy ternms simlar to those which conprise the delays on

asynchronous bus 135. That is, the total delay at the interface may
conprise an arbitration delay, a collision delay) and a transm ssion del ay.

I n one enbodi nent rbjtrati.on iorities, may be i gned such that read
request t ranééH?‘F%%@’H%&Fé'“m‘%B&rﬁmZS? hrjhe[ lﬁ%ﬁp?féi(z&yg?ﬂfﬂsbﬁd&ﬁq&gﬁ ons.
Read return thiafeacsy RfetciMihedsn ASIR FRE/EtAINM BIacdANiph latbitrhticH) tdhdrhiBsion,
transactions. In thi's schene, the maxi numread request transaction

arbitration andrellisign thaeefosthessd 3as:

In one embodiment each of the buffers may be set to a size determined at least in part
by an effective drain rate for each of the buffers. The buffer sizes may be further
determined, at least in part, by an output delay for each of the buffers. These buffer
sizes may enable reliable isochronous data transport over the asynchronous bus 135
without excessive buffer sizes and without employing excessive flow control. An
effective drain rate may be defined as the rate at which a buffer drains, taking into
account the fill status of preceding buffers in the isochronous transaction path (the path
which isochronous transactions travel through the data transport). One embodiment of a
technique to determine the sizes for the buffers of an embodiment of a data transport

employing FIFOs is provided in greater detail below.

Buffer sizes may be determined by examining delays at the buffer outputs. Delays at

the output ports of stages A and C may be partially determined by delays which

10



Darb) max = requests may incur no arbitration delay he %gyA%Remuz
assi gned a%ﬁgaﬁ%ﬁgﬁrbitrati on priority than wites or read S’éfrm@?zts’ce
the bus 135 is ready to accept the 16 wo oonz~s2 2 6 APR 2002

PCTI US00112852 next transaction, the next pending read request transaction
wi Il by granted use of the bus 135. For read return transactions, Darb, max
= bus_turn tine +.FlFCar/ Ror_For, hal.k- dupl ex buses he, pus tumtine is the
Cime o swi ¢ CATBCUOL Rartera giK witd 2 FeBeFny SoRA Rae s s oy n't o
out or vice Yahsdion bitolhiess ABROUBIRAY colpianfcRRbmpSndMie aldoMRidueiy2hn al |
pendi ng read request transactions fromthe stage A buffer. For wite
transact i ons promaatipgngelavend-a parsspissenidelat s pquatiopfermt:urn time + FIFOc/ Rd +
bus turn_time + (max_burst transaction_period/2 * T) In other words, to be
granted access to the bus) a wite transaction nay have to wait for the

maxi mum numb®linkf= pesici Darbr-€Btrahy ansactions to transfer over the bus 135
(Darb(read return)). The wite transaction nmay then have to turn the bus
and wait for the maxi mum nunber of read'return transaction to transfer over

the bus 135 @fL EQﬂéan)dcla;gg%ﬁ glr[nc GEE whi ﬁgﬁisgﬁ%ﬂpﬁ% ivg.«ggort gpm@( max

burst_transaction_period aces an upper ay resulting
from a streamesaciamnto couglce befact 4 epyoachitywuse BeckasdSurisése Deelieys be
transacti ons, nust it fqr both . read request, transactign and read return
transacti ons,bmmﬁif‘gw?é‘?%%f‘%&é%“él“ﬁ'@dﬁaé?gyo%ﬂz?Ffﬁ”f“’rh‘bs Bwrite transaction
is required to wait at a transition between a read request transaction and
a wite transaction. The term max_burst transaction period represents the
maxi num numbéhe ofaximmwo trapsastion piee magl2IsT setratuppaybaodtfai Direms appredmateguest
transactions_(or. only. wri tpansacti . In.one enbodinent, a wite
transaction f ‘13? b%hﬁé"}f 'égif%gmgrfc ”éa{gg ?(}eﬁﬂgﬁ"ﬂr%séﬁbcﬁ% Q‘WW"B@“HEI ayed
when it collsgdes at the bus |35 with read return transactions. Sufficient
buffering may be enployed to hold this pending wite transaction. The

wor st -case scenario is a series of max burst_transaction period/2 wite

WO 00112162 The arbitration delay, Darb is defined as the delay encountered by a transaction wishing
to use the bus 135, after the next opportunity to use the bus 135 arises. Arbitration
delay may be encountered when the bus 135 becomes available, but other transactions

with equal or higher priority are pending to use the bus 135.

Arbitration delay time may be determined by the specific arbitration rules used for the
bus 135. Different implementations may employ different arbitration rules. These
different arbitration rules may result in different delay times for arbitration. For
example, a bus arbiter which gives higher priority to read requests may cause a write
transaction to experience higher arbitration delay than a read transaction. The write
transaction may experience higher arbitration delay when both read and write
transactions are waiting to use the bus 135. In contrast, a bus arbiter which gives higher
priority to write requests may cause a read transaction to experience higher arbitration
delay than a write transaction. The read transaction may experience higher arbitration

delay when both read and write transactions are pending on the bus 135.

1l



7 6 APR 2002 PCTI US00/ 12852 transactions foll ow ng max_bur st transag:tﬁl o'l\rrfR 2002

period/ 2 reedosrexysest transactions. In this case buffering tPeTASOYMSSAt €
max_burst _transaction period/2 pending wite transactions nmay be enpl oyed.
This termis therefore included in the fornmula for Darb(wite) to determ ne
the correct buffer space. In other words, when transaction traffic is
continuous, after a tinme of max_burst _transaction_period/2 *T, there nust
be a peri od Buffdr sives ned)delay srms ase mreed@emdemnarid s hedfd] togeresd withahsact i on
to wite regélest trans tion) or &ce versa reado\gﬁc‘uest transacti ons
wer e al | owediGTHRAOBAT Hﬁ&iﬁwbg fimaking ardfﬁm?anoa 8-t ransacti on
pendi ng on the bus 135 coul d be del ayed forever. This, term prevents that
from happening. Since rates increase toward nmenory) no additional del ays
will occur. lnrih¢ frdlomamgdescdpsarn, FNEQ pizdedrapsprsstdbubifierofsiansstibus. Fohe f our

t f the d t _enbodi t, 100 d
acourat ol y. PO A SRETEHT BN CHER Foh BS G204 P aRURB AL QUap Srize of

asynchr onousy cslﬁanm\/@@uaﬁsfa@m 4860 6M Lhioins otieR BiRity FIPOLu: aklags or
fl ow control. 2 shows an enbodi nent 200 of a data processing device

enpl oyi ng anaremardrisném a pranpgr SigdyHe BIPONdates: transport. Embodi ment 200
conprises a processor 220 to execute instructions and read data supplied
froma mermory bus 240. Instructions and data are provided by a menory 210.
The process®@ymedl=DrRy be inpl enented using any sem conductor fabrication
technol ogy and may execute any instruction set including) but not limted
to, instructPoie®d s supported by an Intel Corporation Pentium processor or
ot herw se caoup % Dl e processor. The system enbodi nent 200 may al so include
an asynchr onous / O bus 230 by which devices nmay exchange signals with the
system Menoy 3 Read oRd@itaibt k@i wben &34y issdenbieali fopicadremt edteusinszgtions.
technol ogi es for propagating signals including) but not limted to,
el ectronic and optical conductors. Menory 210 may include random access
menory (RAMiy, deR&dr, O iz BrIEN FEROMay beme@m.&ameafmm Bf the®NPdnd draRabl e
of storing instructions and data. To perform5| gnal i nputl out put,
enmbodi nent  28@s of therFIESs ag wetas thexgput dglay gime. SyRibalPRorx3pressis FOTC sizes
PCTNS00/ 12852 keyboard 205 (in one enbodi nent, both mouse 280 and keyboard
205 are asynad'ﬁ‘r onous devi ces), and scanner 270 (in one enbodi nent, an
i sochronous device)) each coupled to 1/0O bus 230. An isochronous 1/0
interface 260 conprising, in one enbodi nent, stages A and C of the data
transport enbGRHEREFQ®Y FIG 1) may be enployed to transport isochronous
transactions,f§ %ggan i sochronous devi ce such as scanner 270 to 1/0O bus 230.
An |sochronous S bridge 250, which in one enbodi ment conprises stages B
and D of they d®&ead br wnise d¥dt ussdowliinnsame FAFOR$ Gedifor rray atbwetegrangaations.
transport isochronous transactions between 1/0O bus 230 and nenory bus 240.
' The conbi nation of isochronous I/Ointerface 260 and i sochronous bus
bri dge 250 r@s\ingnﬁw b0 GIETPORYS fHPMAELA L) B defermide@las:abl e i sochronous
X-T contract fof I/Otransactions to nenory 210) despite asynchronous
transacti on activity on 1/ 0 bus 230 generated by ot her asynchronous
devi ces, S ke ~ and nmouse 280. Keyboard 20~ and nouse 280 arc
coupled to ,I:ﬁgaﬁﬁs %&/‘“&Qg &a‘;a]synchr onous 110 interfaces 290. Asynchronous
transact i onsFPOalv/ L:dilifig[RAG DawEr at ed by asynchronous devi ces may be
transported to nenory bus 240 by way of asynchronous bus bridge 210. O
course) the invention is not limted in scope to this particular
enbodi nent feﬁﬁ:?j : ed
as descri be%écg@&g %‘g e |s§§et5?ltc‘)en&s£&§ﬂdﬁés/cfw {Stg ? %l@%?lég):ﬁgg?hgﬂgﬁl@
equi val ent s stdgel A bopundelay. The prdunseis skirded dp itmthemexemaltipletofitlss, trartsagteor e)
to be understood that the appended clains are intended to cover all such
enbodi ment s S¥fd changes as fall within the true spirit of the invention. 19
2 6 APR 2002 What is clained is: 1. A nethod conprising: setting an
arbitration priority for a read request transaction on an asynchronous bus
greater than an arbitration priority for a read response transaction on the
asynchronous bus, and setting the arbitration priority for a read response
transaction on the asynchronous bus greatex than an arbitration priority
for a wite request transaction on the asynchronous bus; coupling a first
device to the asynchronous bus to receive an isochronous transaction



froman isgQchronous device and output the isochronous trans %i on 1 ﬁh@PR 2002
asynchronodgoﬁ%"imzand coupling a second device to the asyncﬁ AU 2Es t o
receive the isochronous transaction fromthe asynchronous bus and out put

t he i sochronous transaction to a third device. 2. The nethod of claim1 in

whi ch setting a contention schene for the asynchronous bus further

conprises: setting a Xi mum saction size for the asynchronous bus. 3.
The et hod oforePHIPHIDE i SHH hi GOl §17nGva UEls eBRSt BAY CE ARAREEFE) TR,
asynchr onousgfélperidd {58 1ime AR A SO RichARSQ&LAA IFIEO 3 M IIEY aBiRdatii Lebddd on

priority to the isochronous transaction than to an asynchronous
t ransact i on. ime pgried/sttentimo afier whinly stagn Ay 0 h fudlyadrsinkdi STHeanaiueR zy-Ra is

contention sche conpr.i si.n n arhitratjon,priori for read request
transaction @FS&?%PW’{%%{H rﬁtﬁggs_ﬁlgf f\%ﬁ: n" Bt %[R?et_ #fl%é 'é“?l_eﬁﬁy g@é’ﬂf@nﬂb
transact i on, otAéidvdrds 1iglis Hie RPethiciSie A0 whldh SR A FIFQdeMEles Yol a read
response transaction greater than an arbitration priority for a wite

request tran&6aqUERs by opippyingdearm tebusolPs The ragestarresublracted tq aasetntdorthe

I sochr onous o] frﬁ?_q@ﬂi o 0 vice and uk. t b

I sochr onous ftalr;tgﬁa;tgg% F%ﬁcfﬁ‘o e Su%?' rg{ﬁgﬁa s’égglr%c(li?a ‘és\a;%l({%t%(l% pﬁ.g%lv%qgc Fﬁe bus
to receive tibehdSfectivodaiisraty HIStaRtABPIFC when i A ikSfulld@rainedl. fn NR@002 and
out put the isochronous transaction to a third device. 5. The system of

claim4 in WRANSHUCAE CHEHRERAES A X Eaie e 257 cifecaively s Passed HEeugho A9 blrgeB: a

mexi mim t r anGAE{He Ry idhfdnoli®bud [HNE 2%k RANS on the bus.

The term FIFOay/(Rby-Ra) describes the time employed to completely drain Stage A
FIFO once a buildup of transactions occurs in Stage A. As stated previously, the
transaction rates may increase as the data flows toward the memory system 180. In
other words, Ra < Rby < Rm. Assume the time it takes to drain the Stage A FIFO is
greater than the Stage B output delay. Then the fill rate of the stage B FIFO is Rby.
Otherwise, the stage B FIFO fills at rate Rby until the stage A FIFO is empty. The
Stage B FIFO then fills at rate Ra for the remainder of the stage B output delay. This

relationship may be expressed as:

FIFOby = Time during which FIFOay not fully drained +
Time after FIFOay fully drained and filling at rate Ra

Time during which FIFOay not fully drained:
ceiling[Rby*min(Dby,FIFOay/(Rby-Ra))]}

Time after FIFOay fully drained and filling at rate Ra:
ceiling[Ra*max(0,(Dby-FIFOay/(Rby-Ra))))

Note again that Rby is the transaction rate over the asynchronous bus 135. Thus, Rby
may be different for read requests than for write requests. The two values may be

different when the two types of transactions are of different sizes.
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6. The systemof claim4 in which the contention schene for_the bus further
conprises: WROR7&r bus arbitration priority for the i sochr Brfljg00/128s2
transaction than for an asynchronous transaction. 7. A nmethod conpri sing:
receiving an isochronous transaction to a first buffer at a first rate;
transmtting the i sochronous transaction fromthe first buffer to an
asynchronous bus having a contention schene such that the bus contention
del ay of the isochronous transaction is bounded; receiving the isochronous

transacti on : d rate
greater tharllri ?ﬁ%#’??@lﬁ gt% E};)p %9“?%2’“%?%3?@?&%??3%&?3{ ?ﬁ"’é’?‘“@gﬁﬁﬁi Si ng:
setting a néstagenr@ amdbP3.dotthioembodendnorwrith eeqasstnddnongzueralzustur®. The net hod
of claim?7 further conprising: associating a higher bus arbitration
priority to'@A¥°P88thronous transaction than to an asynchronous
transaction. 10. The nethod of claim 7 further conprising: setting an
arbitration priority for a read request transaction greater than an

ar bi trati onFpr stagé Cythires time pdriodsspaybecansidersdcTheofist amd psrod isnle time

arbitration priority for a.read r onse transacti reater.than.an
arbitration dg?i‘%?‘ﬁhf%‘ ‘I’%]Sa'g’w i°{"8’ufgr§ﬁ'§§?get¢ 3rﬁs°§gaty F%‘ﬁ?‘ﬂ!"ﬁ%&"s time {he Stdpe
C FIFO is filled by read return transactions from memory. These read return

transactions are generated by read requests draining from Stage B to memory.

A The second time to consider is the time during which transactions output from stage C
are delayed and the Stage C FIFO is filled by read return transactions generated by read
requests “passed through” Stage B to memory. In other words, Stage B is fully drained.
The third time to consider is the time during which transactions output from Stage C

are not delayed.

FIFOc = Transactions output from Stage C delayed and Stage B not fully drained +
Transactions output from Stage C delayed and Stage B fully drained +

Transactions output from Stage C not delayed

Transactions output from Stage C delayed and Stage B not fully drained: ceiling[Rm *
min(Dc, FIFObr/(Rm-Rbr)))]

Transactions output from Stage C delayed and Stage B fully drained:
ceiling[max(0,FIFObr/(Rm-Rbr)-Dc) * (Rm-Rd)]

Transactions output from Stage C not delayed: ceiling[Ra*max(0,(Dbr-FIFObr/(Rm-
Rbn)))]

Note that in this embodiment each read request transaction which passes from Stage A

to Stage B may generate a read return transaction through Stages C and D.
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‘maxi mum nuYPH07d¥62r ead request transactions and wite requé??”?$ﬂ&§§&tions
whi ch may be received sequentially by the asynchronous bus. 12. The net hod

of claim7 further conprising: transmtting the isochronous transaction
fromthe second buffer at a third rate greater than the second rate. 13. A

nmet hod conprj si ng: settingpa maxi mum nunber of read request transactions

! f
and wite reyfaSY e BE delsEnIRAiinPf dalryp forthe vanady Sgg%ﬁféfﬁ?? HRISPORBYOTan

asynchronouqhg?ghmggygh%gghﬂnﬁBf§ghggmhﬁ@ to the asynchronous bus to
receive an isochronous transaction froman isochronous device and out put

the i sochronous transaction to the asynchronous bus; and coupling a second
device to tgg ggxnigggﬁ%ys buE to.rgceiva t he i sochronous transacti pn from
the asynchr G505 Yo it 2RPET PR Bl FeHBL anspelings &t the RUtPHT RO 6 1
device. 14. she Drahiogkif mal 8k Bpphidd kd!prleb@it tsrRirh OF RGd ré&@fnl thdAGacioi®Xi mum
transaction size for the asynchronous bus. 15. The nethod of claim 13

further combefase thy:time tierivalt fonthe dransagtiesy dasermingdott thatX-dreopiracshps grrived.t he
ek A e I i G R e R Al

conpri sing: ‘an as no us havi ng £i on co I'Si

maxi num nunieep delhy fRadgh the Wl rdnsporsastiodanent drtehn Wei rhaximeayssténtial wagact i ons
whi ch nmay be recelived sequentially by the bus; a first device coupled to
the bus to t@RE$E an i sochronous transaction from an

Dmin = (1/Ra+ 1I/Rb + I/Rm + 1/Rd + Dm)
Dmax = Da + Db + Dc + Dm

Where Dm is the delay inherent in the memory in fulfilling a memory read request.

The size of the Stage D buffer may be computed as:
FIFOd = (Dmax-Dmin) * Ra

As previously noted, the collision time for the asynchronous bus 135 may be bounded
by the maximum transaction size. The maximum transmission time may also be

bounded by the maximum transaction size.

In one embodiment, the maximum arbitration time which a transaction may be
subjected to may be determined in part by the arbitration priority rules. These rules may
apply to read, write, and read retumn transactions. The maximum arbitration time may
also be determined by the number of each transaction type which may be stored in

buffers at a given moment.

As previously noted, in embodiments employing FIFOs, FIFO sizes may be expressed
in units of transactions. The maximum number of transactions which may be pending in

Stage A is
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i sochronous devi ce and output the isochronous transaction to the bus;

-22 . r b wPRozoe2z a second device coupled to the bus to raea/uSHOLDRES2

I sochronous transaction fromthe bus and out put the isochronous transaction
to athird device. 17. The systemof claim 16 in which the contention
schenme of the bus further conprises: a maxi numtransaction size for
transactions on the bus. 18. The systemof claim 16 in which the contention
schenme for the bus further conprises: a higher bus arbitration priority for
t he i sochrogopus trans ctiPn than for an asynchronqus transaction. -23
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collision delay, and a transmission delay.

In one embodiment, arbitration priorities may be assigned such that read request
transactions have higher priority than read return transactions. Read return transactions
may be assigned higher priority than write transactions. In this scheme, the maximum

read request transaction arbitration time may be expressed as:
Darb, max =0

Read requests may incur no arbitration delay because they are assigned a higher

arbitration priority than writes or read returns. Once the bus 135 is ready to accept the
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direction to another (i.c. from in to out or vice versa). In this embodiment, FIFQar/Rbr

is the time to drain all pending read request transactions from the stage A buffer.

For write transactions,
Darb(write) = Darb(read rctum) + bus_turn_time + FIFOc/Rd + bus_tum_time +

(max_burst_transaction_period/2 * T)

In other words, to be granted access to the bus, a write transaction may have to wait for
the maximum number of pending read transactions to transfer over the bus 135
(Darb(read return)). The write transaction may then have to turn the bus and wait for
the maximum number of read retum transaction to transfer over the bus 135
(FIFOc/Rd), then turn the bus again. The final term (max_burst_transaction_period/2 *
T) places an upper limit on the delay resulting from a stream of continuous read
transactions. Because write request transactions must wait for both read request
transaction and read return transactions, this term places a boundary on the time a write
transaction is required to wait at a transition between a read request transaction and a

write transaction.

The term max_burst_transaction period represents the maximum number of
isochronous periods T that may contain only read request transactions (or only write
transactions). In one embodiment, a write transaction following a series of read request
transactions may be delayed when it collides at the bus 135 with read return
transactions. Sufficient buffering may be employed to hold this pending write

transaction. The worst-case scenario is a series of max_burst_transaction period/2 write
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traffic is continuous, after a time of max_burst_transaction_period/2 *T, there must be
a period T of no requests or a transition from read request transaction to write request
transaction, or vice versa. If read request transactions were allowed to be continuously

submitted forever, a write transaction pending on the bus 135 could be delayed forever.

This, term prevents that from happening.
Since rates increase toward memory, no additional delays will occur.

In the manner described, delays and buffer sizes for the four stages of the data transport
embodiment 100 described may be more accurately determined. Reliable isochronous
data transport over an asynchronous bus 135 may be accomplished without excessive

buffer sizes or flow control.

FIG. 2 shows an embodiment 200 of a data processing devicc employing an
embodiment of an isochronous data transport. Embodiment 200 comprises a processor
220 to execute instructions and read data supplied from a memory bus 240. Instructions
and data are provided by a memory 210. The processor 220 may be implemented using
any semiconductor fabrication technology and may execute any instruction set
including, but not limited to, instruction sets supported by an Intel Corporation
Pentium® processor or otherwise compatible processor. The system embodiment 200
may also include an asynchronous I/O bus 230 by which devices may exchange signals
with the system. Memory bus 240 and I/O bus 230 may be implemented using
technologies for propagating signals including, but not limited to, electronic and optical
conductors. Memory 210 may include random access memory (RAM), read-only

memory (ROM), or any other form of memory capable of storing instructions and data.

To perform signal input/output, embodiment 200 comprises a mouse 280, a
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109 () -, 108ployed LR pot-istfehBiBus trathdad MBI Sochronous device such as
scanner 270 to I/O bus 230. An isochronous bus bridge 250, which in one embodiment
comprises stages B and D of the data transport embodiment of FIG. 1, may be
employed to transport isochronous transactions between IO bus 230 and memory bus
240. The combination of isochronous I/O interface 260 and isochronous bus bridge 250
may provide 1sochronous device 270 with a reliable isochronous X-T contract for /O
transactions to memory 210, despite asynchronous transaction activity on I/O bus 230
generated by other asynchronous devices, such as keyboard 205 and mouse 280.
Keyboard 205 and mouse 280 are coupled to IO bus by way of asynchronous I/O
interfaces 290. Asynchronous tran_sactions on I/O bus 230 generated by asynchronous
devices may be transported to memory bus 240 by way of asynchronous bus bridge

210. Of course, the invention is not limited in scope to this particular embodiment.

While certain features of the invention have been illustrated as described herein, many
modifications, substitutions, changes and equivalents will now occur to those skilled in
the art. It is, therefore, to be understood that the appended claims are intended to cover

all such embodiments and changes as fall within the true spirit of the invention.

19



10: :27 109%' ()- & 10% ()- & 10%& ()-& 10%& ()- #@O%& ()- 26 APR 2002
“E100@ ()-i]i “iaibicipi{iibC 10:"10%& ()- YL0%' ()- (10%& ()-1 10 10

10L910%& ()-310%' ()-iij kkl R dEbC 10:, 10%' ()-, - 10% () - GLO%E () - @

109 () - @ 10% ()- @10% ()-R |11 >ngmdEbC 10: * 10%& ()- m&

10%&' () - YOk ()-,# 109%& ()- 10%& ()- mO%&' ()-noso~ooooooxnmbC

10: &10%& ()-Y 10 10 1099109 ()- 710% ()-S5 100&' ()- 3S

100& () - oopppqs}"’?rTbC 10° 109 ()- 10%' ()- @10% ()-*&10%

& () w§151 A ? | 1F, : | 10%' ()-" st u\ uuuuuudYNC 10: 10 10 10910%: ()-5@
100& P58 BB ) D 000! ()- ( 109 ()- uuu: vOvavvaBYNG 10:, F  10% & () -,

1. A method comprising:

setting an arbitration priority for a read request transaction on an asynchronous bus
greater than an arbitration priority for a read response transaction on the asynchronous bus, and
setting the arbitration priority for a read response transaction on the asynchronous bus greater
than an arbitration priority for a write request transaction on the asynchronous bus;

coupling a first device to the asynchronous bus to receive an isochronous transaction
from an isochronous device and output the isochronous transaction to the asynchronous bus; and

coupling a second device to the asynchronous bus to receive the isochronous transaction

from the asynchronous bus and output the isochronous transaction to a third device.

2. The method of claim 1 in which setting a contention scheme for the asynchronous bus
further comprises:

setting a maximum transaction size for the asynchronous bus.

3. The method of claim 1 in which setting a contention scheme for the asynchronous bus
further comprises:
associating a higher bus arbitration priority to the isochronous transaction than to an

asynchronous transaction.

4. A system comprising:

an asynchronous bus having a contention scheme comprising an arbitration priority for a
read request transaction greater than an arbitration priority for a read response transaction, and
further comprising an arbitration priority for a read response transaction greater than an
arbitration priority for a write request transaction;

a first device coupled to the bus to receive an isochronous transaction from an
isochronous device and output the isochronous transaction to the bus; and

a second device coupled to the bus to receive the isochronous transaction from the bus

-20-
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and output the isochronous transaction to a third device.

5. The system of claim 4 in which the contention scheme of the bus further comprises:

a maximum transaction size for transactions on the bus.

6. The system of claim 4 in which the contention scheme for the bus further comprises:
a higher bus arbitration priority for the isochronous transaction than for an asynchronous

transaction.

7. A method comprising:

receiving an isochronous transaction to a first buffer at a first rate;

transmitting the isochronous transaction from the first buffer to an asynchronous bus
having a contention scheme such that the bus contention delay of the isochronous transaction is
bounded;

receiving the isochronous transaction from the asynchronous bus to a second buffer at a

second rate greater than the first rate.

8. The method of claim 7 further comprising:

setting a maximum transaction size for the asynchronous bus.

9. The method of claim 7 further comprising:
associating a higher bus arbitration priority to the isochronous transaction than to an

asynchronous transaction.

10.  The method of claim 7 further comprising:

setting an arbitration priority for a read request transaction greater than an arbitration
priority for read response transaction, and

setting the arbitration priority for a read response transaction greater than an arbitration

priority for a write request transaction.
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12.  The method of claim 7 further comprising:

transmitting the isochronous transaction from the second buffer at a third rate greater than

the second rate.

13. A method comprising:

setting a maximum number of read request transactions and write request transactions
which may be received sequentially by an asynchronous bus;

coupling a first device to the asynchronous bus to receive an isochronous transaction
from an isochronous device and output the isochronous transaction to the asynchronous bus; and

coupling a second device to the asynchronous bus to receive the isochronous transaction

from the asynchronous bus and output the isochronous transaction to a third device.

14.  The method of claim 13 further comprising:

setting a maximum transaction size for the asynchronous bus.

15.  The method of claim 13 further comprising:
associating a higher bus arbitration priority to the isochronous transaction than to an

asynchronous transaction.

16. A system comprising:
an asynchronous bus having a contention scheme comprising a maximum number of read
request transactions and write request transactions which may be received sequentially by the
bus;
a first device coupled to the bus to receive an isochronous transaction from an
isochronous device and output the isochronous transaction to the bus; and
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17.  The system of claim 16 in which the contention scheme of the bus further comprises:

a maximum transaction size for transactions on the bus.
18.  The system of claim 16 in which the contention scheme for the bus further comprises:

a higher bus arbitration priority for the isochronous transaction than for an asynchronous

transaction.
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