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| SOCHRONOUS DATA TRANSPORT BACKGROUND Field The invention relates t ﬁ

field of Q@%?}é{%;sport, and nore particularly, to testing isochronous
data transp gVtr an asynchronous bus. Background | nf or meREHHS#FR5E i t al

systens, data may be transferred between devices and a shared resource
(for exanpl e, a menory). The data nay be transferred in units known as
transacti ons- éran$ac‘:%,| on i.s a callection of information necessary to

initiate o W PERAT IO JdcH AN SQRBEHNYAYS BATACTRANEPERTA from

menory or wite data to nenory. A shared bus may be enployed for such
transactions. The bus may enpl oy various contention strategies, including
arbitration rules, to manage concurrent demands for the bus fromnultiple

sour ces.BAGKGROUND regarding references to a bus "having", "enploying",
etc_ a contention schene it should be understood that such contention
schenes are typcially provided and enforced by bus controller circuits -
coupl edII. t he bus, and devices coupled to the bus which cooperate wth

t he bus c’5‘r‘i'tro| ler. Arbitration rules comonly depend on sone form of
priority settings to resolve access contention. One strategy of contention
resolution is often referred to as "asynchronous". Asynchronous strategies
depend nore sTTrcoing#:ryioorrcbtdSOO ithei fzedd abdatg radsporip and nioenpartigulad @ Stotdsding on

tinmely dispositi i ndi vi dual transactjons. A transaction (for exanple
a read d?o%qwgsgéﬁg’@ﬁﬁoqﬁvr%@éﬁc °P§/L‘é5ncount er long, unpredictable
del ays while pending transfer over an asynchronous bus. 1 2 3 MAR 2004 WO

01/ 27776 PCT/ US00/ 25497 Buses enpl oyi ng asynchronous contention resol ution
may be Hdvkgosundlfenpatibn

In digital systemns, 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 a 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,
inciuding arbitration rules, to manage concurrent demands for the bus from multi;;ic sources.
Of course, regarding references to a bus “baving”, “employing™, etc. 2 contention scheme it
should be understood that such contention schemes are typcially provided and enforced by
bus controller curcuits coupled to the bus, and devices coupled to the bus which cooperate
with the bus controller. Arbitration nules commonly depend on some form of priority
settings to resolve access contention. One strategy of contentian resolution is ofien referred
to as “asynchronous”™. Asynchronous strategies 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, vopredictable delays

while pending transfer over an asynchronous bus.



factors that interfere with tinely transfer of transactions. Typi calf% Al{:lz“
entire transaction nmay be transferred across the bus before control M g
bus is relinquished to other transactions. Wiile a transaction is in
progress, W8 @itng transaction (one awaiting transfer ovdiCHBEBEYY nust
await the next arbitration opportunity- An arbitration opportunity is a
point in time at which the control logic for the bus determ nes which
transaction pending on the bus will be next transferred. Tinme thus spent

is referred Bas@Smpsioyingskpithaeoay tonteed refifutel R Pbe bhiB&A6 kb @Rali S ended
t he pending transaction may encounter further delay. This further delay

may r esiartorsihe hindgrdtrs ayith waplydeanssn of §3®éﬁmIﬁgTWiFﬁY)hiaglﬁ@ﬁre tranisationy . Thi s

is referre 0 "arhitration,del ay”. t he.pendi ng transacti on obtains
nccess T Phedatiredapiot B O sl oy TRE D S LRI RE AR | on has
been t rapsh@idRIWHIle 4 HaRBédrek n pRERSS, 4 adRSranthit®ni(8né & ElibEGahdeAS
"transm ssion delay". Al three types of delay are comon in buses

enpl oyi ongr prd bogs) myust Bk thecrpxt erbifraienrappotteninbfin arbidratigs pppénmwontyus abases.

The conbi.ned effect, 0 hes | a be to.render, the conpletjon tine
of a" ¢ B kR babE e skt P b s R uds A i G SR g on
medi a- ohl g0t /411 86 WekeSarsBHAO TaNE thik I8 SARtH R BRe “Ri1aYbBRAKIgevi ces,  for
exanpl e) may depend on tinely transactions for correct operatfon.

| sochronous devices require the transfer of up to a specified maxi num
amount of data X, via one or nore ransactj.ons, during each peripod in a
Geries of t1nacHbE GHeRb RSt fspoad DR pendith Hansarlio feg rone TisdREE o ¢
referreghid0 Tass Ab@el 806D HRAYAUSUI KN HerCAIV KR GhhsATBYn Repedildol with hidher

accom plish in light of thé unpredictable delivery tinmes afforded by
asynchrpimoiry. Hais as refermrstoes “athimtegi deday”Supporti ng i sochronous devi ces
usi ng an asynchronous bus may be acconplished wusing various buffering and
fl owcontrol techni ques- However, many buffering techniques rely upon

excessi ve bubfed theizaging RS RKGB&ThsVRcAY b Ble HisZ2BnAt Ligihat apecount for
the unpredictable delays inherent with asynchronous buses. cessive

buf f er i redongalye fregsartion Bag\ixmrn xppaferred in its entirety across the bus. This is referred to as
“transmussion delay”. All three types of delay are coonmon in buses employng priority-

based contention resolution, i.e. asynchronous buses. The combined effect of these delays
may be to render the completion time of a transaction unpredictable and perhaps even
unbounded. Many media-orrented devices (audio and video capture and playback devices,
for example) may depend on tirpely transactions for correct operation. Isochronous devices
require the transfer of up to a specified maximum amount of data X, via one or more
transactions, during each period 1o 2 series of time periods of fixed duration T. This
requirement (benceforth referred to as the isochronous X-T contract) may be difficult to
accomplish in Hght of the unpredictable delivery times afforded by asynchronous data
transfer strategies.

Supporting isochronous devices using an asynchronous bus may be accomplished
using various buffering and flow-control techniques. However, many buffering techmques
rely upon excessive buffer sizes. These excessive buffer sizes attempt to account for the

unpredictable delays inherent with asynchronous buses. Excessive buffering may add
2



WD 01127776 PCT/ USO00/ 25497 undesi rabl e processing del ay, cost, and OifﬂgR?WL
size to conponents that inplenent an X-T contract. Flow control may ad
unnecessar conBIexity to such conponents as well. Thus, there is a

cont i nui AEEd7for circuits which support isochronous dat BCTUSRYIEST over
asynchronous busses. As such circuits are devel oped, there arises a need
for systens and nethodol ogies for thoroughly testing such circuits.
SUMVARY A net hod i ncludes setting a contention schene for an asynchronous
bus suahdekigdblé beocessind éniy, @bsiildvircait siz2a6 booponsitd thangastinemsanon Tt he bus
i s bounded, and establishing an isochronous interface between at |east two
devi cescODRE. FEutirPeiRdluBay #Hideymmsesssay spEPlexHy 1o sirheomposarts aewellA nunber of
i sochronous transactions and corresponding return transactions delivered
-across the bus is neasured during a specified tinme interval BRI EF

DESCRI PTI ON "OfusT dierORAVINGBu theeed fir efrcuiteivhich sgﬁwi@@auaﬁodshﬁtd URRri ON 'S
particularly pointed out and distinctly clainmed in the concluding portion

of t he ayseednchemoghbusshe Astuehtirents and dpmelapednthyretssises ynedsior systonst ood by
reference tg.the foll-own tailed descripntion read with reference to the
accomaaﬁgi]ﬂ%h%@ﬁﬁﬁsgg?r%%ugﬂ sesén%%% & |u§f)‘r amillustrating an enbodi nent
of an isochronous data transport in accordance with the present invention.
3 2 3 MAR 2004 WD 03127776 PCT/ US00/ 25497 FIG 2 is a block diagram
illustrating an enbodi ment of a systemto test a data transport in
accordﬁggﬁﬁ&ié?hthe present invention. DETAILED DESCRI PTI ON The enbodi nents
descri '-Yare nmerely illustrative, and one skilled in the art wll
appreci ate that nunmerous nodifications can be made whi ch nonet hel ess fal
within the

A method includes setting a contention scheme for an asynchronous bus such that the
contention delay of isochronous transactions on the bus is bounded, and establishing an
1sochronous interface between at least two devices, the isochronous interface supporting
an X-T contract. A number of 1sochronous transactions and corresponding return

transactions delivered across the bus is measured duning a specified time mterval.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the mvention 1s particularly pointed out and distinctly
claimed in the concluding portion of the specification. The mvention, however, may be
further understood by reference to the following detailed description read with reference to

the accompanying drawings.

FIG.1 is a block diagram illustrating an embodiment of an isochronous data transport

in accordance with the present invention.



scope of the present invention. An enbodi nent of the invention is dgfggiQEﬂk
to test a transport circuit to transfer isochronous transactions a é
asynchronous bus. Such isochronous transactions may be transferred in
accor dan®® W4’"7% specified i sochronous X-T contract (up tBCHUBYYI45f dat a
processed every T seconds). In accordance with the present invention, it
may be possible to . accurately determ ne and bound col lision, arbitration
and transm ssion delays for the transactions on the asynchronous bus. It
may thus be fessish @oa@d@gﬁhpmu@ﬁ%@é@e@mimkmfgtgg&e&%tteﬂwam and

met hodol ogi es for the transport circuit. An enbodi nent of the transport

ci r cui transpageipaet trddnderwish te-pesmit myeapgl.i cation entitled "A METHOD AND
APPARATUS FOR | SOCHRONOUS DATA TRANSPORT OVER AND ASYNCHRONOUS BUS",

Serial Nunber 09/315,859. The data transport enbodinents therein nmay
provide for the transport of up to a specified maxi num anount of data (X)
each isochronous period (7) across an asynchronous bus. In an enbodi nent,
the ayPTWIORIDDBSCREBTHONal f-dupl ex. On a hal f-dupl ex bus data may be
transmitted in either direction but not in both directions sinultaneously.
FIG 1 illustrates a four stage enbodi nent 100 of a device to provide

i sochronous __dat transggrt,'n ccordance mLﬁh t he present jnvention. Such

a devi ce may PBETHOCHPTHY IEGTIREd RS WAk AT I AUU B 1R /207 PRE SkPA IS 275497 an
| sochr nfysedakt hhANHRGLL: AbaflddRbis LAARHAAREH haIRRAEL lifGaifgent i on

i s not -1 n scope to four stages. her data transport e ment s
may cosgopesd tise piiekdre teventiomnber of stages. The figure illustrates an
enbodi ment of the invention, however the invention applies to any
asynchronous bus in accordance with the constraints and boundi ng conditions

described heyelfhodiffenf@AP ifventibe id AMEEddAB tAPR aBsholiQifdthd todtRk X |1 nks

as well as half- duplex |inks.
1sochronous transactions across an asynchronous bus. Such isochronous transactions 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 mvention, 1t may be possible to .
accurately determine and bound colhision, arbitration and transmission delays for the |
transactions on the asynchronous bus. It may thus be possible to employ accurate and

thorough test systems and methodologies for the transport circmt

An embodiment of the transport circuit is described m a co-pendmg application
entitled “A METHOD AND APPARATUS FOR ISOCHRONQUS DATA TRANSPORT
OVER AND ASYNCHRONOQOUS BUS”, Senal Number 09/315,859. The data transpert
embodiments therein mazy provide for the transport of up to a specified maximum amount of
data (X) each isochronous period (T) across an asynchronous bus. In an embodiment, the
asynchronous bus may be half-duplex. On a half-duplex bus data may be transmitted in

either direction but not in both directions simultaneously.

FIG. 1 illustrates a four stage embodiment 100 of a device to provide isochronous

data transport in accordance with the present invention. Such a device may be referred to as



The sections, stages and buffers enpl oyed by enbodinent 1 00 will n WR 7004
descri bed. The flow of transactions between stages and buffers is als0
descri bedwf ooé éw s enbodi ment. Each stage in the illustrated enbodi nent
conpri ses GnB83f"®ore First-In-First-out (FIFO buffers. FHAESKHIe4GT
sufficient size to tolerate del ays associated with the contention

resol ution strategy enpl oyed by asynchronous bus 135. Stage A FIFGs 110, 120
may store signals for transactions (henceforth referred to as sinply

"t r ansagh iABrchoANBith nagsHoreqsdi@ply ischesmubbsnshdB. THE FRnE50:s18R 1infiedt age B
may store transactions awaiting access to the nmemory system Bus 135
coupl esIisicage tAfqus Segah Other i aRsPeBspbrdienentomar camphies a diffessnt neotbkor ni ng

to Peri pper al nen nt er connect. (PCl ecification V.. 22, issued
Sune. 100 5e8es. TREPEDEMNbRAE SO Rhmblorkye B Eprion, Bk Bl s vprity

WL PCI §hiflie€ QB an i h&@h@Rous SiPid@ckoraftte Wi Ohe Lof¥aiRg a6@ UBLRh PYoddiforRame
bus 135. The nature of the bus may vary wth inplenentation ahd my

conpr i s@eschibed bxgimpiFer exanple f the upleatios eppiligh toofullpdupddd ehkstassveik asehalf-

full -dua{gﬁx f.e ial or parallel bus. The illustrated enbodi nent 100 shows an
i sochro gt sport conprising two sections. One section 117 interfaces
i sochronous devices with the bus 135. Another section 118 interfaces bus
135 with the nmenory system 180. Those skilled in the art will appreciate

t hat bot h sedht eersioms,ystdpes an beffen teglayiet iy rendbosimenttd 00iwitiiotw package.

Al so, the i.nventi is..not lLimted to two sections hQut is illustrated in
Lo 5ecBTSHEME geg i) BL BERGF i QTSP S PEet A0 SHEUP & HE° dprbed brdkio hat
menory d8Podisne@nl y one exanple of the devices and circuits 5 2 3 MAR 2904
WO 01/ 27776 PCTI USO0/ 25497 whi ch may be coupled to section 118. In this
enbodi nent, all isochronous transactions (for exanple, read requests and

Stage A ExanarLEoet AR Iy REE GPoe RS PR AR Ly Ft B B Qiiage A
(FIFO) buffers. FIFOs are of sufficient size to tolerate delays associated with the contention
resolution strategy employed by asynchronous bus 135. Stage A FIFOs 110,120 may store
signals for transactions (henceforth referred to as simply “transactions”™) awaiting transfer
across bus 135. FIFOs 150,160 in stage B may store transactions awaiting access to the
memory system. Bus 135 couples stage A to stage B and may comprise, for example, a bus
conforming to Peripheral Component Interconnect (PCI) Specification Rev.. 2 2 issued June
1, 1995 and available from the PCI Special Interest Group at wow.pcisig.com. Likewise,
stage C and stage D may be coupled by the same bus 135. The nature of the bus may vary
with implementation and may comprise, for example, a half-duplex serial or parallel bus or a
full-duplex serial or parallel bus.

The lustrated embodiment 100 shows an isochronous transport comprising two
sections. One section 117 interfaces isochronous devices with the bus 135. Another section
118 interfaces bus 135 with the memory system 180. Those skilled in the art will appreciate
that both sections may be implemented within a smgle circuit package. Also, the invention is
not limited to two sections but 1s illustrated in two sections for purposes of simplicity. In

should be appreciated that memory 180 is only one example of the devices and circuits
5



I nclude a read request transaction and a wite request transaction. g{ﬁ
read request transaction may conprise an address in nenory from whil fé\i‘a@”%
i's retur%dlgng%read return transaction. The data returned to the device
in respons read request transaction is called a readdGEVaHE5497
transaction. A wite transaction may conprise an address specifying the
destination in nmenory to which the data is to be stored. The wite
transaction nmay also conprise the data to wite. A wite request may or
may not wiashiitayibe caupkedue secttioand &cini brs, emivelpsent] ald isoplronodsarinspdteme feat i on.
In an enbodi pent,. asynchrgnous devi c share he bus 135 wth the

| Sohr oRGUSP s HHUTB RG0S ELE TSR B Beg iy P e Eachygnovs

asynchr ARNSAC | BOSH HPERT, hese
asynchr gﬁgﬂ%%&%"r (:msafté'tions‘Slng@ﬁ%tg pasg?ﬁ%&ﬁg%ﬁ%ﬂgg?ﬁﬁzéﬁﬁt&é%ﬁ g@ of the
i sochr ommisde z srad poquesi Othsaduwon suchwotomeguahe wassachiay. Thehmad reguesead r equest

transaction to the nenory system . 180 In_an e dinment in which wite
t r ansactieBRUaB Mgt chaﬁé%&peadérq%gwﬁg@w Fpmg¥ ieh chdiepuged raadaefupet ur n

tr ansacttﬂaaga%ukpomé B8 VBB 1S u&t&%céﬁgresﬁﬁg%éogtrw&gacs& Ggﬁs%ctiﬁx??sdcaggﬁ urn

transactions along to stage Dviat us age passes the re

return atreahsachitanpsadish. AfwititeeransationenousofrisespedireiOthecifying@he

i sochronous devi.ce (not shown). Read return transactions reach the device
a nunbeCeBMaten dhFGIRATY tHWhihidae datp 15 11 hegviprsd. Thewnictmpsaeipnasey els@nsact i on
to whic SPORS T r i ] ri (T)

fol | ow Ea&? ﬁ}ée rﬁ%:dél}areeques&f Kmir%srg@tl%}gﬂa S rg{aa e@%g%gg%%??tﬁ% - g%té)o%lf ract.
The r at dspaidivhimdn thatidmplemndntanafl Br aeehhbodimehh) @syurhionuss S4vagRnA) shaftOW
descri bed. The del ays, encountered at the output of each stage are al so

descri b& bysnl 3z iehiRsdsprrenous iepenat HG ThewrRuBe B ssiexifes mayKausuf f er s
o1 BIRE| By HI5RSE RS S OT PSR 20SEn BARSS",
from a wancderionods noepdss ehrexdiethn allushatddtEF Os e ioinotisofou? tAndfik PEN4 WO
01/ 27776 PCTI USO0/ 25497
An 1sochronous device may submit a read request transaction to the memory system
180. In an embodimernt m which write transactions do not generate a response, stage C
receives only read return transactions from the memory systemn 180. Stage C passes these
read return transactions along to stage D via the bus 135, Stage D passes the read return
transactions out of the 1sochronous transport 100 to the isochronous device (not shown).
Read return transactions reach the device @ number of isochronous periods (1) following the
read request transaction to which they are responsive. The number of isochronous periods

(T) following the read request transaction is determined by the X-T contract.

The rates at which data is transferred into the various stages are now described. The

delays encountered at the output of each stage are also descnbed.

In an 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
6



transport. FIFO 110 may store wite requests received fromthe i sochy Dpau3y
device. Read FIFO 120 has an associ ated out put delay Dar 140. Likew se,
wite FIFO 110 has an associ ated output delay Daw 130. These are the

del ays en¥BdAEér€d by transactions |eaving Stage A for thBCHESIYEHIT St age
B conprises wite request FIFO 150 coupled to wite request FIFO 110 in
stage A Coupling between the stages is provided by way of bus 135. Stage B
further conprises read request FIFO 160 coupled to read request FIFO 120 in
st age Afrasipage FIED duf may stere oGl Fuwestd TSRS WorBHie ISICAi@oRs AgdcaRead

associ a . 1 LSy t : r y
transac@rﬁg%g%bgég/?%gé% lggg Oﬁzq%épa%\lé%r@ﬂégﬁe?ﬁk%ngﬁggﬁtn@n}%g t age B

del ay DRssbéRtdBoutpe @ 18 eTHeadrerefibe déleatknEbid:t08 Gyantisautiohe leab i@ 150
because of the high 1/0 speed of the nmenory 18Q. Stage C conprises read

return Braee Ay thabuolipStegdd) egmprses 93ite mapest F9b0; 10 couplst &WHYE FAYeHf bus

135 to return FLFQ 115 j,n.Sta 125.
wit e r BB n0 paaf i Coigtind foBkaPReShelt RSfoRudRGy QU BEbL{PIEN AR B T80
do not fgeRelcahPrkalirsdrdgua FAEDi160SohplodndReD FaquiEFIFTHQY6n staigk e Gtdge t he

art will appreciate that the delay bl ocks represented in FIG 1 . may not
r epr eseftowpuyacousled tn memonnkile ftrge Sukds aparssariaeberBuAetaPb Bekbis &

illustrate,the. . |location wthin the d ’ '

el ays. 08 ERoBRis e e By o RSB TP B AL AE BT R e Bbotileal

t r anspoStapeAB BALP DHOT 70t h 3 BSds 1988 thedsafrel foowall FIRDIEE ahd eahe PHEOL5devi ce to
menory 18 includes Stages A and B. Transactions may be received by FlFGCs
110, 120begauise ot e MighuBO spegdeofthe memasr déance with the X-T contract.
Transactions may be transported fromFIFGs 110,120 over bus 135 at rate
Roy to FIFGCs 150, 160. The synbol y is set to 'r' for read transactions and

set to "W f Gragt@ t€mprigfiesd refins FIFD an8 asd bompat dalyy De 106 2R I0I%ED from
FI FOs 150,160 to nmenory 180 at rate Rm_ A r_eturntdo)1 th fog transa i8ﬁ§ from
memory £eRpledby ey @f bah b tagiesd rturpdat Pidbunsess thgtage® ﬁ%‘“ﬁ’“‘ﬁ&iﬁ e

L ansach hong Bkl FrFQUAA0LLPC: LM B MPktect Warl DG Bt udhs acha FM 11

ot her words, poseés o
generate retum transactions from memory 180.

Those skilled in the art will appreciate that the delay blocks represented in FIG. 1 .
may not represent actual circuits. Instead, such delay blocks are provided to illustrate the.
location within the isochronous transport at which delays may be encountered by

transactions moving through the rsochronons transport.

A path for transactions to follow from the isochronous device to memory 180
includes Stages A and B. Transactions may be received by FIFOs 110,120 at isochronous
rate Ra in accordance with the X-T contract. Transactions may be transported from FIFOs
110,120 over bus 135 at rate Rby to FIFOs 150,160. The symbol y is set to ‘v’ for read
transactions and set to ‘w* for write transactions. Transactions may be tmnsportcd from
FIFOs 150,160 to memory 180 at rate Rm. A return path for transactions from memory to
the isochronous device 180 includes stages C and D. Response transactions may be

transported from memory 180 to FIFO 190 at rate Rm. In other words, for purposes of this
7



2 3 MAR 2004 WD 01/ 27776 PCT/ USOQ 25497 anal ysis nenory 180 nmay be 395§Mﬂﬂ'[][i!,
to have an input rate equal to its output rate. This assunption nmay

typi cal | o hi gh-speed nenories. Transactions nmay b nsport ed
from FI F%Oing%l-’z-{fter bus 135 at rate Rd to FIFO 115. Tr ansa%ﬁ’@%g‘”ﬁ’év be
output from FI FO 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
whi ch predys's spmewt ISP andalet 16n®ed tehaveanappadalsyequt do its sutpudndesTtis ansport .

Al rates may_h ressed faor .puyrposes of illustration in units of
transaaslugﬁ%ﬁpzﬁ?fé%bcrﬁ fgﬁlﬁ’ltg,hléhdgperegél&ﬁ’?oéE%Sts Ror may be expressed as a
multiple of the size of a read request transaction. Rate Rd may be
expressed as a nmultiple of the read response transaction size. Wen

expressed aSransehtionRopayhel trRespeetyd Brond EFiGh&20 averibus 135 ansicRd omFIRQ es. Rate

synbols,in. FIG .1 may be interpre ording to the_follow n )

detini il %%.a“%g?ﬂ%? @é&?e ouliRfFBREEY ﬁ_ﬁﬁ?‘ e E‘??Bédmo%mm%&%? wiBt used
when r o8 ITScdritRt i1h dthel Word£ad XaMtofradtGndy %;&éﬁfhiapfb%poféefnﬁémbﬁge Ror i's
the bus read transaction rate into stage B. is the Isochronous at a

rat e i piwooidstldgethAisdehramue rongpiomenithd $ams: rate at vdhigamred faquestarhsantnnaid e
requests i&h‘gg’ce no 1rlread/vvri te letter. designation is utilized). As

pr evi offSFY e LY APF G OPPYHTHPPUNns over a shared asynchronous bus rmay be
subject to delays. These delays include collision delay, arbitration

del ay, and transm ssion delay. Collision delay is the delay which a

t ransact i onAlemtesnoayibt exprodsed dorguaposengfl dimstritem intunan séchnsantiamsizbie bus to

ncl . Arbitrati I ' h I ich ran ion
cone ulgc?r exambpltt:, f%E rf:%g rgc?ucgé }ibsr r;[myebcd gxp%/ss\e,\g] asCa m?ﬂt?plt‘:fjl o? %%tsgz?: ofrﬁ%adB
request transaction. Rate Rd may be expressed as a multiple of the read response transaction

size. When expressed as such, Rby and Rd may be defined as bus transaction rates.
Rate symbols in FIG. 1 may be interpreted according to'the following definitions:

Symbol=Rxy
R=Rate
x= Input stage

y = Read or write. Not used when rate 1s identical for read and write transactions:

For example, Rbr 1s the bus read transaction rate into stage B. Ra is the isochronous
data rate into stage A. In an embodiment this 1s the same for read and write requests (hence
no read/write letter designation is utilized).

As previously described, transactions over a shared asynchronous bus may be subject
to delays. These delays include collision delay, arbitration delay, and transmission delay.
Collision delay is the delay which a transaction may encounter while awaiting another

transaction on the bus to conclude. Arbitration delay 1s the delay which a transaction may
8



2 -3 MAR 2UD4 WD 01137776 PCTTUSOQ 25497 encounter while other pendi n? MAR 700
transactions are allowed to use the bus. Once a transaction is gran éd
cont rol %Obgﬁ,}iys, transm ssion delay is the tine it takes to transport

transaction over the bus at the bus transaction ratePCE38U4Pt s may
be placed on transactions over bus 135 to assist in determning suitable
buffer sizes for the transport 100. It should be appreciated that the
constraints described below are nerely exanpl es of an enbodi ment of the

i nvent ¢ermpunt@t Résleconstpeading Sranf@myiobeareaANbOYEt hRhdbid et v.APIgpENt ati ons
as the ap{gl ication dictates. Those skilled in the art will appreciate that
such cERBEA&PAES! plakpe Bus JTansmEss 9P debvps ihegimaititates botramspbddransanivn ditaer

whi ch &@%d&fs zﬁ%’e g&ftg{_r&ga-o%ur% constraints. O course, the invention is
IC

not limte 0 any par ul-artechnique for inposing said constraints, and
nunerous other possibilities for doing so are contenplated within the
scope of the present invention. In an enbodi ment, a maxi mum bus transaction
size may beCerttrapls Bayebgpiaced3n rapsectionarienhmsBds to pswm arcdétomisinge

determj,r t.h i er af -hytes of.data whjch,a ,transacti on may
corrprirgsugls §I§ebtu?l {C%égwrrgap%ﬁ%m?nnsgﬁg Itogaﬁgi%‘ﬁ? B arprsaiaied b the ePnsTBBiind  upon

the caldstsbedrbelewalye tekdlRREAEP e OBf APYMESHIAEA &the TRNHSK IGTHLP c%'(lﬁaims
transaction size may al so constrain the maxi numtransm ssion de ay

encouray beleppleycdigndidierend implemeplations z5 thoapplication gomateh Fhasexkilicdtih on

del ay, i.gher. bu hitration prjorit e assj.gned to isqchronous
transac fi’(t){r‘fg n(%)f) {)?Jét%at? D ﬁ%c%wgsqgggﬁgr#ﬂqaﬁ@%y ‘foé’?!l’g@ “h'rl?a%ﬁlé% Yhse

t r ansawhntroler WHicAWmBddiestdnd ebftscekInch¥orfsbb@tsl 8- colRe, RE Bivehabh RMhopriority
of these transactions may be set higher as conpared to asynchronous

t r ansdéDiterhi® 0tRATHCHler eplenigiesion 3Bposjngwwithewstdings ynd hnmaous othgevi ces.
tr ans e L 5 20lhy o6 35, SRRy RIRGEES ons 41 AROR A&/ Phieact 1 ons i s
within the contenplated scope of the invention. In an enbodi nent, the
value of T (the tine period for the X-T contract) is selected
In an embodiment, a maximum bus transaction size may be set for the bus 135. The -
maximum bus transaction size determines the maximum number of bytes of data which a
transaction may comprise. Setting a maximum bus transaction size may place a bound upon
the collision delay a transaction may encounter. The maximum bus tragsaction size may also
constrain the maximum transmission delay encountered by a transaction. To place a bound .
upon the arbitration delay, a higher bus arbitration priority may be assigned to isochronous
transactions output to the bus 135 from FIFOs 110,120 and response transactions output to
the bus 135 by FIFQ 190. The arbrtration priority of these transactions may be set higher as
compared to asynchronous transactions output to the bus 135 by connected asynchronous
devices. However, this 1s only one possible embodiment. Any constraints on bus

transactions which serve to bound the delay to isochronous transactions is within the

contemplated scope of the invention.

In an embodiment, the value of T (the time period for the X-T contract) is selected
such that an isochronous device coupled to the isochronous transport 100 may submit

continuous read transaction requests. The device may also receive the corresponding
9



such that an isochronous device coupled to the isochronous transportzgwR 200k
may submt continuous read transaction requests. The device may al so

receive t sponding 9 2 3 MAR 2004 WO 01127776 PCT1USQ {
conti nuou\?%roggggﬁeturn transactions. The isochronous devi c?%?@ﬁw-’subnﬂ

continuous wite request transactions. In synbols: T = |Isochronous tine
period R = Size of read request transaction in bytes W= Size of wite
request transaction in bytes S = Size of read return transaction in bytes
T= max (R&Suow reedCemhe rensgciiensal bonstlanvousnieymictrsayodflsspdomtsopemolyt e. The
actual value of Cis determned by the isochronous rate of the X-T

cont r acPTEOFCRKHHALEOB? an i sochronous rate of 20 nmegabytes (MB) per
second (s), C = 1/20,000,000. Those skilled in the art will recognize the
famliar max operator, which returns fromanong its argunments that which is
hi ghest in Jmbwusb&el ection 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 nent 100. The device nmay al so

recei vera Eg%gw%gg@dn of read return transactions, or send a

continuous strea Ite request transactions. The bus transaction rates
Rby andRReSimeywfbezdsetugt eadsactidharbytdse | sochronous rate Ra. The rates Rby
and Rd may he further set to a _value less than nenory rate Rm For exanple
a 20 MBYsTiHCH BHsUSaRsY irarsapgn Infiydssf ace to stage A The bus 135 may

conpri 5§=@iz:}gﬂ@/ﬁctﬁgrrmcti&&%%esw’5 menory bus may interface stages B

and C to nenory.

T=max (R+S, W) *C

where C is a constant m units of seconds per byte. The actual value of C is determined by
the 1sochronous rate of the X-T contract. For example, for an isochronous rate of 20
megabytes (MB) per secand (s), C = 1/20,000,000. Those skilled in the art will recognize the
familiar max operator, which returns from among its arguments that which 1s highest in

value,

Selection of this isochronous time period may allow an isochronous device to send a
continuous stream of read request transactions to the data transport embodiment 100. The
device may also receive a contimuous streanr of read return transactions, or send a

continuous stream of write request transactions.

The bus transaction rates Rby and Rd may be set greater than the isochronous rate
Ra. The rates Rby and Rd may be further set to a value less than memory rate Rm. For
example a 20 MB/s isochronous device may interface to stage A. The bus 135 may comprise

a 100MB/s PCI bus. A 1000 MB/s memory bus may interface stages B and C to memory.



2 3 MAR 2004 WD 01127776 PCTI USOQ 25497 A strategy for determ ning Huf M&t 2004
sizes for the transport 100 is described in co- pending application
“entitled A MET AND APPARATUS FOR | SOCHRONOUS DATA TRANSPORT OVER AND
ASYNCHRONEDSBUR® | Serial Nunber 09/315,859. This strategf GTSBRE i ned
in light of constraints placed upon arbitration, transm ssion, and
collision tinmes for the bus 135. As previously noted, the delay which a
transacti on encounters at bus 135 nmay conprise three conponents: a

col I'i si on dehayrategn far dvtértrahingrbudiet siyes fanthearahksars MGRidescitRlday co- | n
equation form Diipk = | + Darb + Dirans The_collision delay, Dcol, is

Dco
the ti méndhisaRPRcHioaradited off My HRP A3 ARRARAEYS EQ%A%@%%D&J onpl ete
bef ore r j trhe i . | . e by
nssi anig T ERANA O AR A Y RO SRy e TR B 7 459
t r ansacrhi9prfegeistryeradised iseighast ¢ipesinilardd hpon BXvitdifon, 8RR iRHY
equal to the tine it takes for the bus 135 to transmt a transaction with
the. rF@kiskmiiseyor tihbusldi-tration delay, Darb is defined as the del ay
encountered by a transaction w shing to use the bus 135, after the next
opportunity to use the bus 135 arises- Arbitration delay may be

encount er ed ahgfevidiglyised e HaepBEhameainkablof enbolintért AEbud TINGAEt i ons with
equal or higher priority are Hendin to use the bus 135. Arbitration del ay

time neprRsseduee pempendNs: gk llsiucdald ap AR dafeys apda tmasmission delalje bus
135. Di %ﬁrﬁﬂ£1&%81enentations may enploy different arbitration rules.
These i“Hferent arbitration rul es may result in different delay tinmes for
arbitration. For exanple, a bus arbiter which gives higher priority to

read requests may cause a wite transaction to Ii 2 3 MAR 2004
Dilink = Dcol  Darb + Dtrans

The collision delay, Dcol, 1s the time which a transaction may wait for another
transaction to complete before an opportunity to use the bus 135 anses. Dcol may be

bounded by assigning a maximum transaction size for the bus 135.

The maxamum transaction size may aiso set an upper bound for Dtrans
approximately equal to the time it takes for the bus 135 to transmit a transaction with the .

maximum Size.

The arbitration delay, Darb is defined as the delay encountered by 2 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 prionty 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
11



WO 01/ 27776 PCTI 1JS00/ 25497 experience higher arbitration del ay thag%? rf@@&
transaction. The wite transaction nay experience higher arbitrati H&
- when bota/read %pd wite transactions are waiting to use the bus 135. In

contrast,QQ¥%E arbiter which gives higher priority to mmiFETﬂgaﬁgg?% may
cause a read transaction to experience higher arbitration delay than a
wite transaction. The read transaction may experience higher arbitration
del ay when both read and wite transactions are pending on the bus 135. In
an enbodipamence Haher AR ITAIOR SF1AY H1aa13T680 FanPaChRT dRC XTHE A8SECtPBMaYay be

subj ected to b - 1M I Lirati L,Qf es.
These roreacir s sAEi 88 LR Boh it MIEAICH AL B Wi WL P2

maxi munhaphd 1 3A1H eontradies HRyarbdieoviiich gidet Bightngdorhy 16 heito ravests afayeach
transaction type which may be stored in buffers at a given nonent._In an
enbodi mense a 1636 CIRREHGIOS 10 EXPEILEET Bigbephiiatgn oflay Heanaa yrehFarragdorb Uge 135

b t ed iorit t] -
{7 Ansactroneariod Sy ckpdlhe FRMar SAPIR LS RARM R BRIV L o oy

del ay QQHgmgk@gQﬁgﬁ@mﬁﬁgbﬁimm@u@ﬂ3sjsochronous transactions. Del ays nmay be
encountered at the interface between Stage B and nmenory 180. Anot her del ay

may be encountered at the interface of nenory 180 and Stage C. In an

enbodi ment | ovii ng_an, asynchronous.nenor,y_bus. (shown _i.n Figure 2), these
el ays may b8 B et gy T AERPRET SRR tud FRibE KiRerbalinay PEe L he

del ays QjcafuN6 MANQUStBEsndBM partfhiathe agbitrhfieh pRdritly roleb.aphedt rilBemapt er f ace
may conprise an arbitration delay, a collision delay, and a transm ssion

del ay. apphntcamadmriigi srchicad sethin transp@ionpr T ey inaxiEsuhaRpi thticactamne ey ¥sedis t hat

read reguest ransacti.ons.ha higher .priofi t han [ .
t ransact t?fﬁ‘é‘?ecgé”a@ef’élﬁbreﬁ of ?:%C\r/?_gua?@ igcg]r? g rﬁ%eywﬁﬁﬁé@a%‘u %gsﬁé%aﬁ? r& ﬁ%#r% F A SNy
than Whb@eht BNSREMbOMIEreDt, 1sddhknons faiRictibMepdikipNinNthe @8¢hchE@pe Bhs 135
transaction arbitration tinme may be expressed as: Darb, max = 0
may be granted priority over asynchronous transactions. Asychronous transactions are
assigned a lower priority, and so may not contribute any delay 1o the arbitration time of

isochronous transactions.

Delays may be encountered at the interface between Stage B and memory 180. Another
delay may be encountered at the mterface of memory 180 and Stage C. In an embodiment
employing an asynchronous memory bus (shown m Figure 2), these delays may be
determined by terms similar to those which comprise the delays on asynchronous bus 135, -
That is, the total delay at the interface may comprise an arbitration delay, a collision delay,

and a transmission delay.

In an 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
12



12 2 3 MAR 2004 WD 01/27776 PCT/[1S00125497 Read requests may incur ?g
arbitration del ay because they are assigned a higher arbitration pr MAB)ZBM
t han wri tyeg gph7#gad returns. Once the bus 135 is ready to accept the_next
transaction, the next pending read request transaction wi | FHWPIPEEd use
of the bus 135. For read return transactions, Darb, max = bus turntinme +

FI FGar/ Rbr For hal f-dupl ex buses, the bus turn tinme is the tine to switch
bus signals fromone direction to another (i.e. fromin to out or vice
versa). In this enbodinent, FIFCar/Rbr is the tinme to drain all pending

read request Repdnshesisonsy hramd oibitatiagechy By gt thdhQhe WsidRdtr ctions,
Dar-b(wite Darb(read return) + bus turn time + FIFOc/Rd + bus turn tine

+ (max a@&‘f%liozltﬁrmélﬁ”oﬁ‘jﬁé O & 7eturmgs) Oncg theduhdB 5 woreddy td acchpt the aotted

access LandaPBoRUBe ndWehliB o b LANSAGL have, to wait far the maxinum
nunber of pendi'ng Ir]eagﬂret FARSACt | g’?\és& ?gﬂsg%i%ygfb%g@pteldwgﬁ) Lheibyg 135,
(Darb(read return)). The wite transaction nmay then have to turn the bus
and wait for_the  maximum nupber of read return transaction to transfer

over the busT9B%2¢ FFHOLERMACUGDSen turn the bus again- The final term (max
burst tpapsaek Q@ugeﬁﬁjp(yn%j FT%?%{/J%%ES an upper limt on the delay

resulting froma stTeam of coOn s read transactions. Because wite
request transactions nust wait for both read request transaction and read
return transact| , . this termplaces a boundary on the tinme a wite
transaction f& I.FE’EE‘SPH”@H bugesyiiietbus tura timedn dhe firon to bettdelars signatafiomegdest

t r ansacg;i ; i & ion. -The ter X-burst-tr ction period
repr eseélltkésmf) ﬁg&l ﬁﬁ?(&&%%hﬁé%géq%m &sv(')%%‘%?‘f’ uip‘ g‘gsr ?IBE%‘E‘EF“"P%%EE%W?MM ain

only r ethd tirepoessintallypendiig refd rdq0est @ahsacHbhd ﬁomttﬁ@@n'ﬁ?@ki&gﬁ)r: In an
enbodi nent, a wite transaction followng a series of read request

For wnte transactions,
Darb(write) = Darb(read return) + bus_turn time + FIFO/Rd + bus_tumn_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 nurmber of pending read trapsactions 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 return transaction to transfer over the bus 135 (FIFOc/Rd), then
tum 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 an embodiment, a write transaction following a series of read request
13



13 2 3 MAR 7004 WO 01/ 27776 PCT/ US00125497 transacti ons nay be del ay2d MAR&R}
it collides at the bus 135 with read return transactions. Sufficient

buf f eri ngypRY,bgsenpl oyed to hold this pending wite transa,;é.lifgébo y;bq
wor st-case scenario is a series of max-burst-transaction perio /Q wite

transactions follow ng max-burst-transaction period/ 2 read request
transactions. In this case buffering to acconodate max-burst-transaction
period/2 pending wite transactions my be erTFI oyed. This termis

t her ef oFensapePrdBay Phdelpred wheriit s des Bahs bk | 12)1th seadeeBiThitidasachensor r ect
buf f er ce. I r action traffic is coni]

arter aStnens ey e NaTD SRR LR bl B AL WAEse

of No raRHess s DEeriks lof AN bibrdN rahifaetivh patod/EALRE trafidadnieclolleRid® Wite
request transaction, or vice versa. | f read r equest transacti ons were

al | owedmas_psstc sansastionptyod radtre@erst Baseaionsalnihistcasq bafleang foon pendi ng
on the bus 135. coul be del ayed for r. .This.termprevents.,that fro
nappeni g omataicany e wlT AR neSRR i endig St TRl Bk ol |
occur. thisttéien MARBRFore @Rtidedgd thdlRiauR BNDaifhies) t6 de@rmimRrthé beréRUhLffet ages
of the data transport enbodi ment 100 descri bed rrgﬁ\;gbe nore accurately

det er ni spde. IRaitberbyverds,iwheotraaundraibc i contipeous ra tme&§ynchr onous bus
135 may be acconplished w.th excessjyve buff izes or. flow caontrol

Fl o 2 BRBWEh BRI T30 of ke Byet bt P L of i Bt ios At a

t r anspofhm @hd eéHulest thind%Eiohd8 MG Re YdubstitResRHies eslvitd W B I1Pfead FERe ment 200
conprises a processor 220 to execute instructions and read data supplied

from a tremsryorlpusezafiowedsy buceitonsusndubmuted forcsepe Gritd ddngactian pembng 218
The processar may, ,be, i, ml nt ed- usi ng_an i.conduct or fabrication
{echhol Gogea gy SRR R STeREE A B PRt A PR s inthor | ¢ed

to, instruction sets supported by an Intel Corporation Pentiun(r) processor
or otherwi se conpatible processor. The ;a/s_t em enbodi ment 200 may al so
include an &yradhied msipsshipvad meamerkicidiignit Helayowd! eerces may exchange
signals with the

In the manner described, delays and buffer sizes for the four stages of the data
transport embodiment 100 descnibed 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 system to test an isoctronous data transport
circuit in accordance with the present invention. 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 218. The processor 220 may be mmplemented 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 bus 230 by which asynchronous devices may exchange signals with the
system. Memory bus 240 and async bus 230 may be implemented using technologies for

propagating signals including, but not limited to, electronic and optical conductors. Memory
14



system Menory bus 240 and async bus 230 may be inpl enmented using
technol ogies for propagating signals including, but not limted to,23 MAR 2004
el ectroni g, i cal conductors. Menory 14 2 3 MAR 2004 [ 27776
PCTI US00/ 2?@5} gﬂ% may i nclude random access nenory (RAM X&gﬁ§&&5¥?€r form
of menory capable of storing electronic signals. Enbodi nent 200 conpri ses
a device 205 to act as a source of asynchronous transaction signals, and a
device 270 to act as a source of isochronous transaction signals, each
coupl ed 218 maymchdenanionharse230emThedeANl) gnaly sther ves cdGherang 2psblaay
herein be .referred to as "devices". Those skilled in the art wll
appr eci Al BIMEHFAFCEIREC ?’5?5}?%1 "device" may refer to any circuit or combination
of circuits in one or nore packages, circuit boards, and housings.
Furthernore, the term"device" may refer to functionality provided by
software i ns}imu@ctitrmnsxé)(mmﬁsagadnvmﬁ@ﬁ)tne:ssasasmrrc& of asymohfdnoad i on of
hardware circuits agsd S évvare nstructi ons executing on a processor An

29956 2B

i sochr oNBHEACHPB SigRe SEEF ¢ 30 PhSOUSE Sl sebpiusdRpsaciea§Edals, and C
of the .gdat i ANSPRILHENRAYIHIERE( Ofn L %‘gnéi’soﬂﬁ& b6 g&g.ﬁirﬂy&qghgmw ghsport

i sochronous transactions produced by o nore 1's onou evi ces (such
as devi cefe2#d}o 40 delveces’aThoshsiohalim theiart 280 appreciagabin the ot Miesider nge 250,

whi ch inﬁgn enbodi nent cogprl ses stages B and D of the data. transport
enbodi mEHET rany| @Ieut or ¢am B@“@Prﬁf&&f%‘&i 5t'8 OPF ahg'ﬁbcr@“k?&f‘écﬁf%b@%“ds and

tr ansacth!oeaﬁ%éomaqn@r@ he W%Q!éﬁ%cgfﬁnagﬁgfeﬁmaﬁgbﬁvﬁﬁg By W3ftware

conbi nat1 on i sochronous 1 260 and 1so onous Bus bridge 250
may pr owisectiosoodeeomgisn @ prdcesso? 4D tova thmainagbn abhadivamctircnitousd ¥offware
contract for transactions to and froma device such as nenory 218, despite

asynchr SHRIYSHPRTEGRINENT SPHFEIS on  asynchronous bus 230 generated by
asynchronous devices. Device 205 may act as a source of asynchronous
transaction signals and may be coupl ed to asynchronous bus by way of
asynchr onous Al Bo¢hmpeefsdd? n2edaceA0imposogs it amersbadiinens segeadyandif ohous
bus 230 the data transport embodiment of FIG. I, may be employed to transport isochronous
transactions produced by one or more 1sochronous devices (such as device 270) to the
asynchronous bus 230. An isochronous bus bridge 250, which in an embodiment comprises
stages B and D of the data transport embodiment of FIG. 1, may be employed to transport
isochronous transactions between asynchronous bus 230 and memory bus 240. The
combination of isochronous I/O interface 260 and isochronous bus bridge 250 may provide
isochromous device 270 with a reliable 1sochronous X-T contract for tramsactions to and
from a device such as memory 218, despite asynchronous transaction signals on
asynchronous bus 230 generated by asynchronous devices. Device 205 may act as a source
of asynchronous tramsaction signals and may be coupled to asynchronous bus by way of
asynchronous 1/Q interface 292. Asynchronous transactions on asynchronous bus 230
generated by asynchronous devices (such as device 205) may be transported to memory bus
240 by way of asynchronous bus bndge 210. Of course, the invention is not limited in scope

to this particular embodiment. For example, the invention is in no way limited to the systems

ernploying memornes or memory busses.

15



generated by asynchronous devi ces (such as device 205) may be transpdf MRl 2004
to menory bus 240 by way of asynchronous bus bridge 210. O course, the

inventiog,dggets limted in scope to this particular e”bopf:%@szsEW
exanple, the invention is in no way limted to the systens enploying

menories or nenory busses. 15 2 3 MAR 2004 WD 01127776 PCTI USOO 25497 The
system enbodi nent 200 further includes a neasuring device 290 coupled to
i sochronous signal source 270. Device 290 may count the total nunber of

i sochr onous ThersapigECEPoREmMsroitathyint ket Brawsindder ce 289G obpled ta ansf er

Vet DYt oy DR EC. B0 Y Dol aGaERSNL S e IHIDE SN L lng O

. i 1
ISOChI’O%OUS respﬁ'nse ransacti ons ere over

cor r espARSHdigns S@dasdd by ABsBOhb N EvideR70E¥ATRsfor o9eMIIGE 3RO DeRY 200uHy and
check the timng of read response transactions delivered across bus 230 in

r espongbsotmeasp@alic pppiesand aingaeftiseshsonendrhspense fpnsaviooe deiP@rediodebinsse 294

may be upled to nmemory bys 240 to measure the nunper, and. tjmn of
priepiih St T e N T R RO K
devi ce ;g94hemMhe GRiRg oPRAd FEFSH AN tidnFuRveddd ¥rbdsous@306a redpbARTACL | ONS
and read request transactions produced by device 270 and delivered over

bus 230¢ad nequest breRanBensproduced rdsytied@At of the present invention, the
operation of an isochronous transport circuit conprised by isochronous 110
interface 260 and i sochronous bus bridge 250 may be tested as follows. A

reference clpgkvisé gnamayRicob PRI m¥RbrPBus T4V Belse’ the nRAGHHER) @milgoCck
signal each tine period T. This clock signal may be applied to each of

devi ceof Epohropaes regsest tragspctigngidelgredpseoss bot k3G iFgnakamply, devica 294 may

synchroni ze t.he operat.ion of t.hese devices. |sochronous signal .source 270
my genrvetFeasdipg il O viCRRu D et tiey PR R eY HRERE5Ronr onous
si gnal psliice® by @bviday70Qend Baiwreown®hs DFMUS transactions during the same
time periods as isochronous signal source 270 produces isochronous

transactions. The asynchronous transactions and i sochronous -

In accordance with an embodiment of the present invention, the operation of an
i1sochronous transport circuit comprised by isochronous 1/0 interface 260 and isochronous
bus bridge 250 may be tested as follows. A reference clock signal (not shown) may be
configured to produce a clock signal each time pertod T. This clock signal may be applied to
each of devices 270, 260, 250, 290, and 294. The clock signal may act to synchronize the .
operation of these devices. Isochronous sigmal source 270 may generate X isochronous
transactions every time pentod T. Asynchronous signal source 205 may generate
asynchronous transactions during the same time periods as isochronous signal source 270
produces isochronous transactions. The asynchronous transactions and 1sochronous
transactians may thos expenence contention on the asynchronous bus 230. Asynchronous
transactions may be generated at regular time intervals, irregular time intervals, or a
combination of the two, in order to approximately reproduce real-world operating conditions
under which the isochronous transport may be called upon to operate. Device 294 may
measure a number of isochronous transactions delivered over bus 230 over a particular time
period P (which may be a multiple of the isochronous time penod T). This number may be

compared with a number of isochronous transactions produced for transfer over bus 230
16



transactions may thus experience contention on the asynchronous bus g??ﬂ\R 2004
Asynchronous transactions may be generated at regular tinme intervals:

i rregul ar,ti iptervals, or a conbination of the two, in g Q

appr oxi rra?)g‘({/mrﬁegr oduce real -worl d operating conditions uﬁo‘éﬂﬁéﬂq}zﬁ?% he

i sochronous transport may be called upon to operate. Device 294 may

nmeasure a nunber of isochronous transactions delivered over bus 230 over a
particular time period P (which may be a nultiple of the isochronous tine
peri od Fyer thhitsnenparissl P anpetraredingrynesd S Whea thenboberofard smehtimnous
transact| ons gro&uced for transfer over bus 230 16 2 3 MAR 2004 WO 01127776
PCTNS00 250487 b ¥ 8P PR TP TP e BT8P e S ur ed by device 290. Wien the

nunbers are equal, the isochronous transport circuit rmay be operating
properly. Device 270 may al so produce a nunmber of transactions Y every tinme
period T for Devicendilemapake phabice 3dpmbhesidararisagtidng SSevemanmX pefind Tviarue of Y

may range from zero to X;,1.. The value of Y ppy be ranped from ze[,o to
YV dr Prgteever 2up 248 vBue Yoo i By 5 thlue of Pa ket Bt R o X
operati [ 10081 Gtk I Q.uUp
R R e e L L L eV
290 mayamgascat®nafnberbperatdn afSthe coclmoooss ttanaps@circwnendes cotdidons wWherewer ed
over asynchronous pus 230.durin eriod P,.to r.%)d/jﬂ_de an indication of the
number bF butdess %ﬂ&%ﬁﬁawgﬁéa& P ngéaﬂiye}m?ﬁg" h i sochronous
transactions for the asynchronous bus 230. Device 290 may-al so neasure the
nunber of isochronous transactions produced by device 270 of a type which
result in refevicet29%Nmay ticanse 2 Bombexefigsyashrdewiscen28Donaywhoblant delavenedrber

of read request transactions produc by devyice.270 over. a ti period TP.
Period oY Wba@v?%}véééﬁﬁapgam g«wvr?"dﬁmwlﬁépmaﬂp RO Gl i ng
t ransacééﬁ@ﬁrcfn%%gﬂ}é%c%éns_ dRIRh At is8BdohdilBrARE RS TdE tHBYsyReh@nbM i pl e

of the tI'me perio vice 290 may al so neasure isochronouds return
t r ansacbuob3. d¥viceet 3mey-elso mresi28he Mevter of 200hrmayus corseaias rodoehbpnous

request AN Ae b Qe Wiy {0 I AU S b (B AG  Oi &ho B A it
a number of read request tragsactions produced by device 270 over a ime period TP. Peniod
TP may be the same or different from time peniod P for counting transactions received at
memory 218, and time peniod TP may be a mulfiple of the time period T. Device 290 may
also measure isochronous return transactions delivered over bus 230. Device 290 may
correlate isochronous request transactions with isochronous return transactions and measure
that each return transaction is delivered at exactly L time periods T after the commesponding
request transaction was produced. When X read transactions are generated by device 270
every time period T, device 290 may also measure that exactly X return transactions are

delivered over bus 230 every time period T.

Of course, those skilled in the art will appreciate that the iliustration of distinct
devices or circuits 290 and 294 to provide the testing functions descnbed is merely
exemplary. The devices could, of course, be comprised by a single device or more than two
devices. It should also be apparent to those skilled in the art that the testing functions could

be provided by hardware circuits or software instructions executing on a processor, or a
17



that each return transaction is delivered at exactly L tine periods 2T3 ﬂﬁﬁ%ﬂﬁ
the correspondi ng request transaction was produced- Wen X read
 transact {R)\g; A% generated by device 270 every time peri 341‘1]&1563% iHe 290
may al so neasure that exactly X return transactions are el'ivered over bus
7-30 every time period T. O course, those skilled in the art wll
appreciate that the illustration of distinct devices or circuits 290 and

294to rovi de t sting f.unct.ions de ri.bed.is.rrerel exenpl ar The

devi ce< BRIt T 6 ST O OT S Dy eI GPHE 10801 Le BRNRBHGE L han ¢ vio

devi 0633 Tﬂéuléﬁ 1%@&@%@&@%@%&&@& bosgnsdebl led in the art that the
u

testin ncti ons coul be provided by hardware circuits or software
i nstructions executing on a processor, or a 17 2 3 MAR 2004 WD 01/ 27776

PCTI USOQ 25. 497 conbi nati on of har dwar cw s and, s re,. The
et on_t s Wercan e et oL e BV ertith dat be B LA s S A%y st ng
: " Bg; ghgtéﬁe)gm%lf%gis %arﬂfgl%gummohg c%ﬁﬁéé'aﬁdfeﬁﬁffvhlfeﬁé Wil dofoddlY ENfhb@NsiAYe been

herein, Tany nodifications, substitutions,
changeSnahdare.qmsv&ice&fbs: wi thel umievstoatibet the approsled skirh$ & infendech @verall t S,
t herefore ge under st ood that the.appended. cl |ms are. intended to cover
al | sd%’ﬁﬁél%’@ Rt &P W%ﬁ?éﬁg@%w i §’Ic TYGSPRILS fhr‘?é“t"f’ﬁ'é’nspl rit of the
invention. 18 2 3 MAR 2004 What is clainmed is: 1. A nmethod conpri sing:
setting a contention schene for an asynchronous bus such that the
contention delay of isochronous transactions on the bus is bounded; during
a specified tine interval: neasuring a nunber of the isochronous request
transactions to transport across the bus;

18



measuring a nunber of the isochronous request transactions deliveredzgﬁ{giﬁ
the bus; nmeasuring a nunber of the isochronous request transactions Al 1004
type which result in corresponding return transactions; nmeasuring a nunber
of return transactions delivered across the bus; conparing the nunber of

i sochronoys request transactions to transport with the nunber of

i sochrono a?%g@ ¥ransactions delivered; and conparing the nunber of

i sochronous request transactions of the type which result in correspondi ng
return transactions with the nunber of return transactions delivered. 2.

The metholt of GIMEHAILOMATME ch setting a contention schene for the
asynchronous  bikgingfallohRfionGeRae fes’ asERhlohd\@ bas sk thatiie ténddsiacddlaivfsi ze for

t he asynchronous bus. 3. The nmethod of claiml in which setting a

cont ent i olCLEHEHBIANSRCUPREONARG ST RAVBLRS: bus  further conprises: associ ating
a hi gher bus agbjdofaabékdimehiciwi:t 0 the isochronous transactions than to
asynchronous transactions. 4. The nethod of claim1l in which setting a
contention sch®psufioga pynebes el he EPOHRIQES IBIHSSt tanFachiells e BIPITERE0sS Ht t i ng an
arbitratign. priority for read request transactions greater than an
arbitration’ priority for read response transactions, and setting the
arbitration prinessutigg § symbepaithe saghornous requepideeatactions dgh warderroshiiin Dish

arbi tration priofd.Lye § Qfmbet bf e E@%ﬁ%ﬁ%ﬁgs Ifceglﬁgtst?aﬁgzjcﬁ&ﬁ-of§typ1micﬂ%shﬁ% of claim

1 in which setting a contention s r the asynchronous bus further
conpr i sescorfe8p@dBg MARN2Q0BCclg@st i ng a maxi num nunber of read request

transactions aﬁlg% Wikd £nds PgislIetuH%Iﬁﬂ:ﬁBds%ﬁveréMHcﬁﬁs fl’i@lﬂusl?e recei ved
sequentially by e asynchr onous bus. _ )
comparing the number of isochronous request transactions to transport with the
number of isochronous request transactions delivered; and
comparing the number of isochronous request transactions of the type which result in

corresponding return transactions with the number of return transactions delivered.

2. The method of claim | 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 transactions than to

asynchronous transactions.

4. The method of claim 1 in which setting a contention scheme for the asynchronous bus

further comprises:

setting an arbitration priority for read request transactions greater than an arbitration

priority for read response transactions, and

setting the arbitration priority for read response transactions greater than an

arbitration priority for write request transactions.

5. The method of claim 1 in which setting a contention scheme for the asynchronous bus

further comprises:
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6. The nethod of claim1 further conprising: generating a naxinun1nuT?ﬁ{ 96
i sochronous request transactions to transport across the bus per AR 7004
i sochronous tine period. 7. The nmethod of claiml further conprising:
determ ni ng whet her each of the nunber of return transactions is delivered
a redetermned.tinme after the correspondi ng .nunber of is r request
t rags actions w81 2 CRELT ”P'@QeﬁPfref“%regoersptéasnﬁ%ﬁ g T é?eurf’ 4 tﬁ%ﬂgagﬁﬁ}%onsqar e
sent. 8. whieh ey bogceieddeqiemidllyfbynbdwynchmnpuysitss.ng: generati ng asynchronous
transactions to contend for the bus with the nunber of the isochronous
request transactions to transport across the bus. 9. The nmethod of claiml

further cenpri shavgethd FBIRGTI\ieley comgise@si ng t he nunber of isochronous
request transactions to trans g%t across the bus. 10. The nmethod of claim
BB

| in which theSSiERsHRsa Bpximg SOPRIBIPYS FEAPHRYTREIOBHE U PO PARE por t

across t hie BikSper QBEHrbSRs fifd@ediuUest transactions and write request
transactions. 11. A system conprising: an asynchronous bus having a

contention schene that bounds the contention delay of isochronous

transactipns ofpd HhEYISE cldmflifidtler B¥rEmgt O Measure a nunber of the
i sochronous request transactions to transport across,the bus and to

- p -
measure a numbésterpinipgwhgthes ephoh g Humbed &turp trapsestians Bri€lv@dh shoul d

resul t i n,candRsRABH-NGer B thRsion &%ﬁ%ﬂ)@ BBiséURfbnb®s IEQRPAFGsactiéhs Mwedaer  of
i sochronous request transactions ich should result in correspondi ng

return traesideesobirscarrestondivg rrAiyansagfons pEsetn transacti ons del i vered; and
a second device to neasure a nunber of the isochronous request transactions
delivered across the bus and to conpare the nunmber of isochronous request
transacti®ns t She methpdpfodaimyj fumher pemprisiBer of i sochr onous request

transactions dgéniel\éﬁﬁggsyn&ponous transactions to contend for the bus with the number of the

isochronous request transactions to transport across the bus.

9. The method of claim I further comprising:
progressively increasing the number of isochronous request transactions to transport

across the bus.

10. The method of claim 1 in which the number of isochronous request transactions to

transport across the bus comprise read request transactions and write request transactions.

11. A system comprising:

an asynchronous bus having a contention scheme that bounds the contention delay of
isochronous transactions on the bus;

a first device to measure a number of the isochronous request transactions to transport
across the bus and to measure a number of the isochronous request transactions which should
result in corresponding return transactions and to compare the number of isochronous request
transactions which should result in corresponding return transactions with the number of
return transactions delivered; and

a second device to measure a number of the isochronous request transactions
delivered across the bus and to compare the number of isochronous request transactions to

transport with the number of isochronous request transactions delivered.
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2 3 MAR 2004 12, The systemof claim 1l in which the contention SChegﬁgﬁi& o0
the bus further conprises: a maxinmumtransaction size for transacti %
the bus. 13. The systemof claim 11l in which the contention schene for the
bus further conprises: a higher bus arbitration priority for the

i sochrono transaction than for,. synghr S [ . The
syst em of fbcszl ai MR O&Iﬁlla]érh 51]t e’ h(':%ﬁ?%%i"legﬁgnssgﬁcg]#e()f?]%%g ﬂg‘h]te)ﬁés?m}p &?ﬁsher
conprises: anamakimumatanedetipr sirfot yarkarios angbecbusequest transacti on greater
than an arbitration priority for a read response transaction, and the
arbitration priority for the read response transaction greater than an

arbitrati mn pThédystey of Ohing ] Whivitech et sstion shascho thabuslforthéFhempysss:em of

claim1l in which the contention schene for the bus. further conprises: a
mexi mim nurrberaB'ﬁh?ré’élﬂa’BEHH‘é'bEr 'OE‘Fya&&g‘éfﬁof)l?{gnoéfﬁﬁa%ﬁt‘togﬂ}aggffeagt transactions

whi ch  mayvherdRaeirirsttiisgquential ly by the bus. 16. The systemof claim 11
in which tﬁe first device generates a maxi num nunber of i sochronous
request transactions to transport across the bus per isochronous tine

period. 1y ThehsS¥sfeRBfefintl RinWhidh thélcoMtinGbn dchénd fof G bR co@peesi nes
whet her each of the nunmber of return transactions |s delivered a.

predet er mi ned &1 #rhitratiencpriorifefop prepd LEUITHIFHEACURRBBEF! hN IARUHHPRSHE W equest

transacti gpg hi&RosB oMl cigSalgt i n corresponding return transactions are
sent. 18. The systemof claim 11l further conprising a third device to

gener at e asyncHearidtzation prigniy dutthegnad regpopssritaasagtivnoycaieidhag 38 ailiaioP he nunber
of the iSﬁ?&{tﬂﬁ?‘ﬁvrﬁ@&%j&&trénﬂséi:ﬂ&‘ﬁc'[i ons to transport across the bus. 19.
of" ¢

The syste aim11l'in which the first device progressively increases
t he nunber of isochronous request transactions to transport across the

bus. 20. £ met I?QQ%QQ%FHT B9 BN @ LddenBoNRRY foPfhe bR CBMmEIMRYS
request transacti ons; , . .
a maximum number of read request transactions and write request transactions which

may be received sequentially by the bus.

16. The system of claim 11 in which the first device generates a maximum number of

isochronous request transactions to transport across the bus per isochronous time period.

17. The system of claim 11 in which the first device determines whether each of the
number of return transactions is delivered a predetermined time after the corresponding
number of isochronous request transactions which should result in corresponding return

transactions are sent,

18. The system of claim 11 further comprising a third device to generate asynchronous

transactions to contend for the bus with the number of the isochronous request transactions to

transport across the bus.

19. The system of claim 11 in which the first device progressively increases the number

of isochronous request transactions to transport across the bus.

20. A method comprising:
generating a number of the isochronous request transactions;
receiving the number of isochronous request transactions to a first buffer at a first

rate;
21



recei ving the nunber of isochronous request transactions to a first g fﬁﬁr
at a first rate; 21 2 3 MAR 7004 transmtting the nunber of isochron E AR 2004
request transactions fromthe first buffer to an asynchronous bus having a
contention schenme such that the bus contention delay of each isochronous
request transaction.of the nunper of isgchrqnous..regues i.Qns is
bounded; recei W"ﬁrg“ﬂ['%thﬁﬂ%%ef gglfsoclhéoggﬁsrrg ugﬁtgrapgaﬁ%lssgr g rta%éggﬂ?%g{soa romthe
asynchr ongyschibai®us i@ havisged cotenboif chematuch timethe bas coateatiqyrdelly of edchan t he
first rate; nmeasurin chr ongus {relﬁue%st transa&;tions

? ac

th f .the.i
recei ved Bg,chf%lgu%rgg Hrﬁggﬁﬁgé}n‘t?)fetﬁfgﬁg’mﬁ{ % dsl‘osl?rﬁ&% éer;qugs[: jong is bourde

e I'sochronous
request transagt¢ing thathumbersii(udidonods téghest fansaBHbiisefE@o the iangiclirehaus hus
transactions; c ring the nunber qof isqgchraonous request transactions
gener at edtovﬁi5??9"8ﬁggﬁﬁgé‘icondo‘f‘t_eigé"&ﬁﬁﬂ@ﬁgﬁ’gﬁ?téﬁ&est transactions received by
the second buf fn_@z[sijriﬁ%::ﬂie RAARAGT 1hE ishétRorduERGliesOiranssaofly rOcNLE by @uesid
transactions which should result in corresponding return transactions with

a nunber B#feFeturn transactions generated. 21. The nethod of claim 20

further conpri gefdiinSehinbegofhdBAIHHR:S feqitsBfdniRNorkiwifchf Bbulll gulaiynchr onous
bus. 22. The nethod of claim 20 further conprising: associating a higher

bus ar bi t fAFRAIBEFSYPEPNREIFe nunber of i sochronous transactions than to

an asynchr onougyd fading e hifber o BochFoiRuiRLMQEkrMEactibii gehetfled With FRMuMBEPI i Si Ng:
setting an arbitration priority for the nunber of isochrononous request

t r ansact i ®fsocheppeustrequestHeRpsagies FesE ehl thiSsSPRddritiey 2hdr t he nunber of

i sochronous respENSiRe e ADRBG oF RBSrordfls red 8t FBERAGNSGHhicH Mot Zuf Wi t her
conprising: setting a maxi mum nunber of i sochronous read request

t ransact i emEesSpARding £&5R IigREEidons with a number of return transactions generated.

21 The method of claim 20 further comprising:

setting a maximum transaction size for the asynchronous bus.

22, The method of claim 20 further comprising:
associating a higher bus arbitration priority to the number of isochronous transactions

than to an asynchronous transaction.

23, The method of claim 20 further comprising:
setting an arbitration priority for the number of isochrononous request transactions

greater than an arbitration priority for the number of isochronous response transactions.

24. The method of claim 20 further comprising:
setting a maximum number of isochronous read request transactions and isochronous

write request transactions which may be received sequentially by the bus.

25, The method of claim 20 further comprising:
transmitting the number of isochronous request transactions from the second buffer at

a third rate greater than the second rate.

26. A method comprising:
setting a contention scheme for an asynchronous bus such that the contention delay of

isochronous transactions on the bus is bounded;
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wite request transactions which nmay be received sequentially by tng%fwg 21004
25. The nmethod of claim20 further conprising: transmtting the nu $

i sochronous request transactions fromthe second buffer at a third rate
greater than the second rate. 26. A nethod conprising: setting a contention
S o BRSBTS 5 50, o
establ|shumgﬁmmmmsmmhgmnﬁﬂBumnmﬁﬂmace bet ween at | east two devices, the

i sochronous interface s ontr surlng a nunber

U%P éii?%)antX-T ﬁ $ ct; ang‘ %
of isochronous"FPEREERPYD RO ESP P R G e lrere e 2t c t i ons
del i ver edtrrashaias ddivelet scroksnhet@is dusipeciptdifd tinewrtervat er val . 23
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