WO 01/ 27776 PCTI US00/,25497 A METHOD AND APPARATUS TO TEST AN | SOCHRONOUS
"DATA TRANSPORT BACKGROUND Field The invention relates to the field of data
transportw@d]%.,%re particularly, to testing isochronouscgalsgdsignsport
over an asynchronous bus. Background Information in digital systens, data
may be transferred between devices and a shared resource (for exanple, a
menory). The data nmay be transferred in units known as transactions. A

t ransact i o METEODOAND QIPPARATIUSI TG DESTEANASOCHREONOUS/DADA TRANSRORTO

conpl ete an operation, such as an operation to read data from nenory or
wite data to nenory. A shared bus may be enployed for such transactions.

The bus nmay enpl oy various contention strategies, including arbitration
rul es, tﬁA&RQggguﬁgncurrent .demands for the bus fromnultiple sources. O
course, regarding references to a bus "having", "enploying", etc. a

contention schene it should be understood that such contention schenes are
typci al | % provi ded and enforced by bus controller circuits coupled to the
bus, an ﬁgﬁices coupled to the bus which cooperate wth the bus
controller. Arbitration rules comonly depend on sone formof priority

settings to rgsol ve .access cant Ipn. One strate of .cqntentjon
resolution is ?%%“P%f@?s‘?seta%‘%@eq‘igpg%mﬁ? r‘i‘f}éggxe Mﬁ@?fﬁ%ﬁ%{ﬁmﬁ r at egi es
depend NRechrérioud Bith YrampoR bv@fantaspehmoudied to contending uses than on
timely disposition of individual transactions. A transaction (for exanple

a read or wite request) may occasionally encounter |ong, unpredictable

del ays % BaRirsmddoansf er over an asynchronous bus. | WO 01/27776
PCT/ US00/ 25497 Buses enpl oyi ng asynchronous contention resol ution may be

subject to several factors that interfere with timely transfer of

transacti ons. j, T{gaf §stetns, Gita £8) bt Rahdf@RIHetI A 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,
including arbitration rules, to manage concurrent demands for the bus from multiple sources.
Of course, regarding references to a bus “having”, “employing”, etc. a contention scheme it
should be understood that such contention schemes are typcially provided and enforced by
bus controller circuits coupled to the bus, and devices coupled to the bus which cooperate
with the bus controller. Arbitration rules commonly depend on some form of priority
settings to resolve access contention. One strategy of contention resolution is often 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, unpredictable delays

while pending transfer over an asynchronous bus.



may be transferred across the bus before control of the bus is relinquished
to other transactions. Wile a transaction is in progress, a pending "
transacti ogyd @psgWai ting transfer over the bus) nust a“’?&fm&{b?zsﬂﬁx'[
arbitration opportunity. An arbitration opportunity is a point Tntim 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 to as

(1 ansact | on YRR AL Copkn B0 AEHLA0 hay RENBIEA U3-RERY 09,

when anotfinters thabintexfere with timelydragsfayofitiansactiongh €ypically, an éntire transactions r ef er r ed

to as "arbitrati " he i ransactl.on.obtai ns access to
t he bus, ngyfble%a{xggﬁr%ﬁ%&#gyl egﬁ §§Sft8“’ coogﬁé'l?oef rt\.'g?hl;élstl rg{ﬁg %%egﬁo P2Y been

t r ansf er magsactiors! While & ittandapticicis srogiess, H pending transaction ¢dneranaitingraasfer
"transm ssi Q elay". ALl three.types of delay are conmon in buses

enpl oyi ngvﬁrtﬂ‘bg‘fsb ﬁ"swgaétcih% %ﬁ‘?ﬁ%ﬂn PRROTFLY - ,“ﬁ‘#é@““h%@ﬂ‘?&tﬁﬁu%‘é&s buses.
The conbispaéinaitheftwiféh thb 6ol Rigi/for theBis dterifinds SN trdnidsctioA PBAEEg G ti me
of a transaction unpredictabl e and perhaps even unbounded. ny

medi a- or itherhus Vil b pexd rapsfermde Ting thys spent ie raferraddo ah collisisnAeday”devi ces, for
exanpl e) may depend on tinely transactions for correct operation.

| sochronous devices require the transfer of up to_ a specified maxi mum
anount of dat @nd¢ the carrent ransactingrie ended thepending transagiion may encomntensfuithet i n a

series ofy i 8. ' f o fJ | LS ' : henceforth
referred dfltgi('glgl lfﬁiéth%g%}: o olés - %%ir)]ttﬂ%act %@m&eﬁ%&%ﬂﬁh e§0

acconpl i ptionity. Thig istrefefred tveasagbiteation delby’t del i very times afforded by
asynchronous data transfer strategies. Supporting isochronous devices
usi ng an asynchronous bus may be acconplished wusing various buffering and

fl ow control Oacdthe gereling trimesetion pbtaims wcdesy tb ¢lid thg, 4 Anitentime Ay elapsey upon
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buf f er i notranissidd délayD All thide/typesUE Beldp@td/ comdibh in buses employing 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-oriented devices (audio and video capture and playback devices,
for example) may depend on timely 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 in a series of time periods of fixed duration T. This
requirement (henceforth referred to as the isochronous X-T contract) may be difficult to
accomplish in light 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 techniques
rely upon excessive buffer sizes. These excessive buffer sizes attempt to account for the

unpredictable delays inherent with asynchronous buses. Excessive buffering may add
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undesi_rabl e processing delay, cost, and circuit size to conponents that
inplement an X-T contract. Flowcontrol may add unnecessary conplexity to
such conpggeissr@s well . Thus, there is a continuing ne%’f/@énnﬁgé?m ts
whi-ch support isochronous data transfer over asynchronous busses. As such
circuits are devel oped, there arises a need for systens and nethodol ogi es
for thoroughly testing such circuits. SUMVARY A nethod includes setting a
cont ent § gaie R si ) J ton del ay
of isochqu%rslous rg%sgiggtﬂ ?18%,2:\6(%&%5}{ he Eﬁglg?g)%g‘?%aée{%g{n@&éﬁ%gﬁgﬁ ng an

i sochr osentEact. Floa-eontrel may agdunngeessary semplexitytte siicheeomponents sowéit.onous
interface supporting an X-T contract. A nunber of isochronous transactions
and corresponding return transactions delivered across the bus is neasured
during a spetinfsi theretis avontinuing\neéd foBBiréits DERERupPIorf 8o cHrontds ABRAMIGS The
subject matter,regarded as the inventipon.is rticularly pointed out and
di stincPYT%? Yachro l?uﬁsets.rfgs %‘Sﬁﬁ’lr‘ﬂﬂﬁsﬁ§ %BFLPP‘EQI:&GF‘* 4rises 3 pesditen systemsn.  The

i nvent i ami méthudolegies fobthofmghlyuéstifg fucdhnstesiss ood by reference to the

followi ng detailed description read with reference to the acconpanying
drawings. FIG 1l is a block diagramillustrati ng an enbodi nent of an

i sochronous data transport in accordance with the present invention. 3 WO
01/27776_PCT/ USQ0/ 25497 FIG 2 is a block diagramillustrating an

enbodi n"BRIMMARYystemto test a data transport in accordance with the
present invention. DETAILED DESCRIPTI ON The enbodi nents descri bed herein
are nerely illustrative, and one skilled in the art w /| appreciate that

numer ous ogiefhbé ichiesseltiiy HdontEtien Whkmb feRakIRh&Rsud Gilslsuld fhbithe t Ne  SCOpe

of the present . inyvention. )
contention delay of 1sochronous transactions on the bus is bounded, and establishing an

isochronous interface between at least two devices, the isochronous interface supporting
an X-T contract. A number of isochronous transactions and corresponding return
transactions delivered across the bus is measured during a specified time interval.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The invention, 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.



An enbodi nent of the invention is described to test a transport circuit to
transfer isochronous transactions across an asynchronous bus. Such

I sochr onouggleiARsgctions may be transferred in accordan ' peci fied
I sochr onous )2—T contract (up to X bytes of data processglﬁ:.'lv)‘ég\?@rz%gi

seconds). In accordance with the present invention, it nmay be possible to
accurately determ ne and bound collision, arbitration and transm ssion
delays for th £ ansagt i.ons he asynchr.onous.bus, |t t hus be

posel bl e to chlSi-6yF Hasth dipean st B FLRERY B L 3ire AR hdPodol ogi es
for the tamspeRad dccotdandasiwith the prstindivertidn. of the transport circuit is
described in a co-pending application entitled "A METHOD AND APPARATUS FOR
| SOCHRONOUS DATA TRANSPORT OVER AND ASYNCHRONOUS BUS', Serial Nunber

09/ 315, 859. The data transport enbodinents therein may provide for the
transport of up to_a specified maxi mum anount of data (X) each isochronous
peri od (DEBAL DBES&&WQNOUS bus. In an enbodi ment, the asynchr.onous
bus may be hal f-duplex. On a half-duplex bus data may be transmitted in
either direction but not in both directions sinultaneously. FIG 1

i Il ustrates aThésfibddinéds Gsbritsbdiefin & theadly Aludgative Sand@ne §IMEd R thé &€ hr onous
data transport in accordance wi.th the present invention. Such_a device nmay

be ref er Maljappseciate that numergys madifications ¢an-be mage whighgenethelessfall withindhe dat a

transporgcoggoﬂhg?}ééeﬂtmaﬂous transport. The invention is not limted in
scope to four stages. Ot her data transport enbodi ments nmay conprise a

di fferent nunber of stages. The figure illustrates an enbodi ment of the

i nvention, ho fiRend PR Yol O ' teBl W, gfcgg in
accordance w %ﬁ\ét&ﬁg C(_)nﬂst rail nt’%ﬁgﬁg&ggungl %g cqnud-]ﬂl??cgﬁs gglcrl ed herein.
For examjsochrondue transactions aerossysl dspuchranopsbus. Sughl isgchtanahsstransaciiohs may béial f -

duplex | h%?meﬁ'ir?aéc%{?&h&%ith 2 LR MOdnBHAL ST SRRAR i to R bytlPadafient 100

will now
processed.every T seconds). In accordance with the present invention, it may be possible to

accurately determine and bound collision, 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 circuit.

An embodiment of the transport circuit is described in a co-pending application
entitled “A METHOD AND APPARATUS FOR ISOCHRONOUS DATA TRANSPORT
OVER AND ASYNCHRONOUS BUS”, Serial Number 09/315,859. The data transport
embodiments therein may 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

4

T'MT



descri bed. The flow of transactions between stages and buffers is also
described for this enbodinent. Each stage in the illustrated enbodi nent
conpri sesyg9prfts ore First-In-First-Qut (FIFO buffers e of
sufficient size to tolerate del ays associated w th: the c%%flbg@(%%g
resol ution strategy enployed by asynchronous bus 135. Stage A FIFGs 110, 120
may store signals for transactions (henceforth referred to as sinply
"transagt j " I, L] S . FIEGs 150,160 i.n stage B
i 5B orlou s ol AR isodBORDS oot The ik bBoneci e

may store transactions 135

coupl esimsicapetofotrstages @thd datadransportoembpdinsents thay campriselaaliffereftummbepnf or mi ng
to Peri r al onent | nterconnect (PC). Specifjcation Rev.. 2.2, issued
June. 15F s TR Feipstinbes hiemptiment o hdipaBiiten, hevercs b veBiioh

WMV, PCi Sprifies @ anylasjithichous bilstin gévofdafstwith the @ohdtiabits &1 KouH@he doftiitiddde sane
bus 135. The nature, of the bus may vary, wth inplepentation and may

conpri SQ?SCFB‘?‘“&%%I%F’_‘%“ &l the Bystion aplies f full duplexdinks ps welk aphalfy

full - duphftex B@isi @l or parallel bus. The illustrated enbodi ment 100 shows an

i sochronous transport conprising two sections. One section 117 interfaces
I sochronous devices with the bus 135. Another section 118 interfaces bus

135 vm'ththe-r{lge -\ S ' | & WLl appreciate
that both sec |£oéggéhsn‘hy eg%%pﬁﬁéeﬁgﬁﬁégy%hél“g&gi t@?‘%gﬁ%%‘??%wullbf package.

Al so, t tlesciibadeiihé Bowiof tramsactidns between stages and beffers trmdsadescritediford thist r at ed i n

t wo sec%ggamgﬁr purposes of sinplicity. In should be appreciated that
menory 'S ohly one exanple of the devices and circuits 5 WO 01/ 27776
PCT/ US00/ 25497 which nay be coupled to section 118. In this enbodi nent,

all isochrongu ransactions (for ,.exanple,, read requests _and wite
requests froﬁ?“?‘c? r‘Fb&’S'? ‘qlgg?teéﬁ’i“é?d‘f“ﬁgt GOLERTSANG P8 m%F‘F wstptirsyPust age A
Exanpl e¢FIBO) bitfters. YPPOsafe dfisafffcint 506 toleiatd del)s a85dcRiedalitithe 96ntéhtion"C! ude a

read request transacti V\i Ite request transacti on. The rea request

d
t r ansacFSSBHtoRSTate s 5 °gg5’3§@f’ noys/busd 3 SagerA FIERS 9. 128 mayistore et ur ned

I N a reggndl€for irinsactions (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 www.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 illustrated 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 single circuit package. Also, the invention is
not limited to two sections but is 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



transaction. The data returned to the device in response to a read request
transaction is called a read return transaction. A wite transaction may
conpri se aygfidiAgs specifying the destination in menory, {:ﬁug@ %B?t he data
is to be stored. The wite transaction nmay al so conprise a

wite. Awite request may or may not result in a return transaction,
dependi ng upon the inplementation. In an enbodi ment, asynchronous devices
may shar eyhibiNfaP ¥é chupledib béktioh 8 18.90 & &ﬂ%&h&ﬂtm&h}oanuanEMﬁﬁs (for
asynchronous devi ces nay cause asynchronous transactions to pass over the
asynchr orfsamplsyread pquestiangdvrits WP&‘%&@}H@O mmaﬁsbi@a enfasthadsoplsengisss t hr ough
the illu [ ronous

devi ce ng*&gﬁcﬁpat g (;3 r]ggsuée@g& ansactlon tgﬁ{«%}hﬂx%gemé'}tktﬁ ‘gm 180. In
an enbodi mdnde : read\rﬁqutst twansactionrand g aite mqgesdtramctl@e'h‘be maér&queﬁs ponse, stage

C receives. o ) Sste 0. Stage
C passes THE oXFxggggxpgx?{ﬁH'l{i %" g;}gﬁe&%%gﬁg ?1’8}21% %ﬁ%{s& “"%d\ﬁ ﬁ]é]fms 135.
St age D npamsdsztioh.Therdemdetunied tonthe devicesinaésponse toutreardfreqd&a trapsuetioR@alled
transport 1 o the isochronous device (not shown Read, return

transact |acfﬁ§d0’ieg%ﬁa‘fsﬁ‘éu%eélvﬁréte Fapsaetomn m cq%ﬁ%ﬁ%ﬂigs s seeciymg thery £ ol | owi ng
the readickt@ati®Sin th ae%mmmwbéﬂmmm&mbﬂ&mimsounber of

i sochronous peri ods following the read request_ transaction is

det er ni né@WSQ%d%ﬂ’f" E’BFFE Advrite raquest may OF may nghresyt ’&e&f&fumsh'wmer red into

"Q

the vari g{eqmg%eq 5|19ggem‘g&ﬁmeg,§w§mgmg ?‘;1 he out put
of each st ge are als escrib I'n an enbodi nment, buffers are used

bet ween $h¢a@-§513517\h@ theispehrenays meﬂéﬂ%r@gte asynchronons devides may cawsasf er r ed
bet ween O absSSiRr g,r@c%gg y store
read requ S rglgtet?%gﬁﬁ gom ggl soc@:ﬁ%il gel\%:uéséiggt’rgrana nﬁg?

i sochr on(tussmmdbmozﬁ%?ﬂuﬂ@thmm%pﬁﬂspmonﬁmnm Wy store -

wite requests received fromthe isochronous device. Read FIFO 120 has an -

associ ated output delay Dar 140. Likew se, wite FIFO 110 has an associ at ed
out put del ay PBavisdcBfnolihdeyiceanay submitdetalrequestioansdction th thy nierfong syatend NS

| eaving 180. In an embodiment in which write transactions do not generate a response, stage C
receives only read return transactions from the memory System 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 isochronous transport 100 to the isochronous device (not shown).
Read return transactions reach the device a number of isochronous periods (T) 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 described.

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
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Stage A for the bus 135. Stage B'corrpri ses wite request FIFO 150 coupl ed
to wite request FIFO 110 in stage A. Coupling between the stages is

provi ded gf bus 135. Stage B further conprises r G5 FI FO
160 couplglgjdte%y?ead request FIFO 120 in stage A. Stage Ségﬁ{sput ﬁ: coupl ed

to menory 180. Stage B has an associ ated output delay Db 170. This is the
del ay encountered by transactions |eaving Stage B for nenory 180. In an
enbodi megénspért. FAEO B10 elagytordwritéRedquryts beived Bomdhé secimanons device. ®add FI FO 160

and wite FIFO 150 because of e hi /.0 speed. o nory 180. Stage
C conpr | EEQ 12043s F%?ﬁ?ﬁatF‘??‘@‘ité%paé(r]}g” gg?d'jd{‘evﬂ ’Ntt)glﬁfggl.d%sﬁb 190 is

coupl ed fodigvd &It;im%la $hvl BO! ERde bR!tHE Belfyshkdubierédbybiratictions Rad@g D has
out put delay Dd 25. ite.request FIFGCs may_not be ‘enpl oyed in stages C

and D i fStage Adorthebusst3s. SeshB compases vgite raquest FHFQ 1 2heonpleddd ¥rite teanefnor y
180. Th il ' j i :

opr esori Sy 110 inSlet A EBGIRR beileeh (RARIEECI Brovidcath shajfor s s AT cn
del ay bl fucther GprisesoeadirequasbFIFO 160tcoupled tdwead fequest FBIO 12Q inistage e Stage

i sochrongQus, transpqrt..a i I. r ctions
nmovi ng Pﬁl’%ﬂ’é‘ 15 @Fi@éﬁ%%&goﬁﬁ%g%% a%?oigga?%o%%géu ?F fglg%;béclg be\lgi o follow
from t hethedelak Eﬂcmntered&)yitm&fjamgonmm;g St3¢k B iferahemiary 180.dgan efbadithenit

Transact j ons cei e FIFCs 1 12 L sochr ono rate Ra in
accord ané@gwgﬁyﬁﬁ’ &Mﬁ?ﬁ#ﬂﬁe_‘l tE? %ﬁ‘&'étgf 1“’5& E ﬁsr%i‘/&gﬁnqmﬁgﬁg?tlgh from
FIFCs  18dtadsGf eetighblio spebd oft thermdritorigt1got 0 FI FGs 150, 160. The synbol y is
set to 'r' for read transactions and set to 'w for wite transactions.

Transactions may be transported from FIFGCs 150,160 to nenory 180 at rate

Rm A return gatdclplided R ¢t FIFO 190208 6Bhit defay DEE05. FRED I 9PRUS devi ce
180 incl udes stages and D. Response transacti ons na transported from

b
menory 1ewipled by vy of gus 135 tearad refm FRQol lan stage Bs ,Stagais mgpptvyte@elﬁf Ddhis 7
WO 01/ 274§ W&I’A@Q&(ﬁﬁd@&% e&%&m@ygﬁ ;iﬁggtxge; 80ardBY 1f6ritB SfaBRE ab Rorave an

i nput rate equal to its output rat
generate return 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 isochronous 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 FIFQOs
110,120 over bus 135 at rate Rby to FIFOs 150,160. The symbol y is set to ‘r’ for read
transactions and set to ‘w’ for write transactions. Transactions may be transported from
FIFOs 150,160 to memory 180 at rate Rm. A return path for transactions ﬁ'(;m 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



assunption may typically apply to high-speed nenories. Transactions may be
transported from FIFO 190 over bus 135 at rate Rd to FI FO 115.

Transact i WB918%FYe be output from FI FO 115 at isochronous p@Eigsorassor N
accordance wwth the X-T contract. In other words, an X-T contract nay
specify that response transactions be provided by t he i sochronous
transport at the sane rate at which read request transactions are received
by the iLpachy 1tsb€m§;nﬁra§sun4¥dlto hiVeQR ity rdd€eqtiDb ¢ DRthuf Pite. THIsPOSes of

il lustrati on | n units transaction size., For exanple, for read requests
Rbr may assempsion may bpically apniyite high-spesd memories.ze of a read request
transaction. Rate Rd may be expressed as a nmultiple of the read response
transaction size. Wen expressed as such, Roy and Rd nmay be defined as bus

transaction Tmnwtmmnqmmpqumf!FOLIQWeb@Sllﬁﬁ@FW@M@ HF¥Bording to

\tMI:]?t feO| lmggm'ﬁ%g i nh}aIY§F§uﬁpga%B krlc(?f?/ 5ﬁ%l’ eg &%m Q&UE}& ransacﬁgﬁg. OrFOI’

exanpl e the T dontradicInlotser woads, mxmmmrmayaapemfynhn respanse tRnsdetionssbet he

I sochr onous ata rate into sta this is the sanme for
e e 5 B bt Breb Y it AR FURR B M kbl d

utili zquw,vé&b?ﬂﬁ\ggdamumdrbed, transacti ons over a shared asynchronous
bus may be subject to delays. These del ays include collision delay,

arbitration delay, and transm ssion delay. Collision delay is the delay
which a trangg @P te@hallBY cHRERU R purpbies 8f ANGtedtion Gn Ak T Yansattiésiast i on on
the bus to conclude.” Arbitration delay is the delay which a transacti on may
8 WO 01Fer@aepkCliroscoresas Rbr awy be srasessohas ampltipleof thawrarf arpathsact i ons
are al | QR BnddSfod. F@tetiilﬁfma 6 sk EPRAHHILANR of fhe rEE R4 Rflsco@BeicBbn OF L e

bus, mSS|on It takes to transport transaction data
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 is identical for read and write transactions.

For example, Rbr is the bus read transaction rate into stage B. Ra is the isochronous
data rate into stage A. In an embodiment this is 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 is the delay which a transaction may
8
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over the bus at the bus transaction rate. Constraints may be placed on
transactions over bus 135 to assist in determning suitable buffer sizes
for the twowmpers 100. It shoul d be appreciated that thepconsho/zsaot s
descri bed bel ow are nmerely exanpl es of an enbodi nent of the invention.

Gt her constraints may be enployed for different inplenentations as the
application dictates. Those skilled in the art will appreciate that such

constr aé&k&g%iﬁ%xﬂér%ﬂﬂngw&m B2 allBwbd 136 $henB UOnce@ins4tkibR s Whi ch

enbodi es and enforces such constraints. O course, the invention is not

| i mi t edguanted pgntyed of the b tranweissiemdelay is the; tipe i takgs todrapspastisansagtion datagnd
nurrerou&*ﬂg%samg%msutgﬁétgr doing so are contenplated within the
scope o € present 1nventron. In an enbodi ment, a maxi num bus transaction
size may be set for the bus 135. The naxi mum bus transaction size

determ nes the ' unber. of, | ch..a. 1ISQCt i on may
conpri se. See? Sﬁg%%n&uen@%egﬁg t{&?&é%@@ang?; Pgrﬂtﬁésﬁ%é@%%%xs&nﬁ%e%gﬁﬁ%nd upon

t he col hiigblebuffert siyes dort thatramspoit 00, Feshosidde appreciated tieat thdonstrinis!s

transaction si.ze may al so constrain the maxi pumtransnissi on del ay
encount é?ssabqskbeff{"f ?“)éﬁ%"’é qu%o ﬁf‘iﬂi,mg‘n}?&ﬁ_ eﬂﬁﬁﬁ“%nb FEORsFaison del ay,
a hi ghefmalue edploiyéd for dfferdit ifiplemintafons B@ﬂﬁ%ggﬂéhﬁdn Rt &GOThYse SIiled in
transactions output.  to the bus 135 fromFl F 110, 120 and, response

t r ansac thedrsvill gpprasiateshat speh qonatraings may beplaged hcouphag torthe bysa Psn priority
of t hesgudioRBrS@hith SMiBodiBYard@nfRles B hstiiints O GRAFE tht BivesidAGRRANOUS

transactions output to the bus 135 by connected asynchronous devices.
Howev er limited to dny perticplap techniquesfonirepasipg said eonstrainty and apmenons efher on bus
transact] Y a] s %%?ﬁe 84 ! transactions is
w thin Ph%&ﬁ}:dd%*%?gigségés%gpe 0 %ﬁghlﬂnveggr%to *’%ﬂ#ﬁ?ﬁggﬁﬂgin{%%ﬁ |n?rent, t he
value of T (the tinme period for the X-T contract) is selected such that an

conti nuous. rBcth FbsrBinbilui b BRGHERRENSS bEPRERRKor i e T3F BT
cor r espandinngn BusManSdctisd §izb deterhihks@hE Aaxdigtim number of bytes of data which a

transaction may comprise. Setting a maximum bus transaction size may place a bound upon

O

the collision delay a transaction may encounter. The maximum bus transaction 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 FIFO 190. The arbitration priority of these transactions may be set higher as
compared to asynchronous transactions output to the bus 135 by connected asynchronous
devices. However, this is 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



continuous read return transactions. The isochronous device may al so submt
continuous wite request transactions. In synbols: T = | sochronous tine
period R wazermsf read request transaction in bytes W pofiygf8iesWite
request transaction in bytes S = Size of read return transaction in bytes
T=max(R+S,W *C where Cis a constant in units of seconds per byte. The
actual value of Cis determ ned by the isochronous rate of the X-T

cont r actconfifious readpétern tfaBsactivhs FIRGBScARRGEs dic@ iy a2 suﬂﬂﬁ%gﬂﬁrﬁx%m( MB) per
second (s C = 1/ 20, 000 000. Those skilled in the art wll recognize the

fam|i ar"HEFYFYIIRRFUORhi ch returns from anong i ts argurrents that which is
hi ghest in value. Selection of this isochronous tine period may allow an

i sochronous device to send a continuous stream of read request
transacti ons I &ymbpisidat a transport enbodi nent 100. The device nmay al so
receive a continuous streamof read return transactions, or send a
continuous streamof wite request transactions. i The bus transaction
rates Rﬂfmwrmombmemerisét greater than the isochronous rate Ra. The rates
Rby and ;Rd f set to a val ue | ess than nenory rate Rm For
exanpl e 5%%?@&?‘%“' ﬂ YR may interface to stage A. The bus 135
may COWFﬁzea‘vﬁ%kﬁuestEﬁsaMmﬂy&QOO MB/'s menory bus may interface

st ages d C.to nor 10 WD 01/ 27776 PCT/ US00125497 A strategy for

det er m E ag“ﬁﬂf‘f‘@?‘%’?@é@&‘?mﬂﬁ LY®$ ansport 100 is described in co pending
application entitled "A METHOD AND APPARATUS FOR | SOCHRONQUS

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 recognize the
familiar max operator, which returns from among its arguments that which is 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 continuous stream 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.

10




DATA TRANSPORT OVER AND ASYNCHRONQUS BUS', Serial Nunmber 09/315,859. This
strategy is determned in |ight of constraints placed upon arbitration,
transm sswoni2pmel collision times for the bus 135. As ppe¥iSiezkipynot ed,
the delay which a transaction encounters at bus 135 nay conprise three
conponents: a collision delay, an arbitration delay, and a transm ssion
delay. In equation form Diink = Dcol + Darb + Dtrans The col lision del ay,

Dcol, is theAfsﬁafenga&mmmFl&ﬁﬁsﬁénﬂgfwe WRisbort 00013 AB4BEG ifdodNsSaction to
corrpl ete before_an opportuni %,ﬂ'lo use bus® 135 arises. Dcol may be

boundeop@shnaﬁplgwﬂﬁ@maﬂhé OhAND ABRPABATUSIEOR [$RCHRONQES The
i |
maxi mung ﬁ%I”?ﬂRNSP RY' G mm%@m@ﬁ Csbéﬁgntlxg@b&dg?ﬁ; 859,

approximately equal to the tinme It ta esfor tﬁ AsShit a

t r ansacThis strategyris teterminedkinlight eff copstraiite placddi upon nrbitratite) wansmidaidn, amd def i ned
as the 0, h a transaction wshing to use the bus 135,
after t elsﬁéé%( %sp%gh}%l?ﬁg %/glto use the bus 135 arises. Arbitration delay
may be encountered when the bus 135 becones avail abl e, but other

transactions,wth, |or|t are pending to _use the bus 135.
Arbitration %%Pfawt‘?qﬂaa‘ﬁ%}ﬁ%@el é‘l" I §RCOUNRIE 2t BYS 1355848V at i on rul es
used f ogomgrise ﬂhb@coh%ﬁnh exdth: fachIlﬁiHn detay! ﬁiminaﬁb&aélaw&ﬂd & fRhsisdidd 45Nt

es

arbitration rul es different arbitration rules may result in

di f f er elteq¥afonforMies for arbitration. For exanple, a bus arbiter which
gives higher priority to read requests may cause a wite transaction to 11
WO 01/ 27776 PCT/USOQ 25497 experience higher arbitration delay than a read
t r ansacPlisiy=Drakt+ Berh tDtreathsact i on may experi ence higher arbitration del ay
when both read and wite transactions are waiting to use the bus 135. In
contrast, a bus arbiter which gives higher priority to wite requests may

The collision delay, Dcol, is the time which a transaction may wait for another

transaction to complete before an opportunity to use the bus 135 arises. Dcol may be
bounded by assigning 2 maximum transaction size for the bus 135.

The maximum transaction size may also 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 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
1



cause a read transaction to experience higher arbitration delay than a
wite transaction. The read transaction nmay experience higher arbitration
del ay whenwbeifymead and wite transactions are pendi ng stvidvenéags 135. In
an enbodi ment, the maxinumarbitration tine which a transaction may be
subjected to may be determined in part by the arbitration priority rules.
These rules may apply to read, wite, and read return transactions. The
maxi mum axpeériencet higher arbiteation yelay $hanlageaddensactiom die write transactidmemayf each

transaction t hi ch. ma st.or in fher iLven nmonent. In an
enbodi me ﬁf?eq%%?ﬂ%eﬁ Sltt}éu%?%ﬁ lr%s at %‘?’5% gmiﬁ é?\ag %ﬁé %61?16 %&a{g’ i %ﬁrvﬁaﬁtgirrém gt 135
{my be ?ﬁlﬁﬁxﬁd3@.ﬂh06ﬁt§a¥t,a‘({;ﬁs arlaﬁgmdh 'cmgises;igheapﬂgﬁyit@wme' n&q?estsrxﬂ(?oyz t
ransactions are _assigned a Lower. priarity, o may. not cantr|bute any
del ay. t o SR 33746 FAPSIETOR 1A PRERSES bigber aRpisAisinelay A its Ensgsipny 10 oy e
encount erg tihsdchién indy efpefiefoctpiher arbitation Gelly Wheh BOIHBdad a8 Qritd\not her  del ay
may, be encountered at the interface of nenory 180 and Stage C. In an

embodi netensagtigns 818 prgding cadhe s ldtous menory bus (shown in Figure 2), these
del ays may be determned by terns simlar to those which conprise the

del ays on asynchronous bus 135. That is, the total delay at the interface
may conprise Imamemghodimentthe makimum arbitratipn timg wwhinky adyansackion maytbeansni ssi on

del ay. | . ' ' ' har it ; | h t hat
read  eq P By Beteeningh bl Mt G AnPbiboh b futee Tha% Sy (1
t r ansact iapplg to feed,dvritetand neadretosetransaptionsydhe mazinpws anpiteatioh tigheanaypalsodei t y

th ite t i | Bt hi h t he ' 1

Lt ansact COTER o B AORb ThedhSroRirogh s ML BY SR d Ml Sven. |\ o
01/ 27776 nifaidnt/3H 4 eb¥ciimeiteizochrampus srhumsactions pemliig oxothe adinchwhowsbus 35y

because t,ﬁ‘a‘; eagranr e te%Sp% Elyecgve%1 asynh I ghroh errmus transactions. Asychronous transactions are

assigned a lower priority, and so may not contribute any delay to 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 interface of memory 180 and Stage C. In an embodiment
employing an asynchronous memory bus (shown in 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
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arbitration priority than wites or read returns. Once the bus 135 is ready

‘to acCept the next transaction, the next pending read request transaction

will by svesiietieuse of the bus 135. For read return traczamsoesas; Darb,
max = bus_turn time + FlIFCar/Rbr For hal f-dupl ex buses, the bus turn tine
is the tine to switch bus signals fromone direction to another (i.e. from
in to out or vice versa). In this enbodinent, FIFCar/Rbr is the tinme to
drain all pending read request transactions fromthe stage A buffer. For
write transagtidguesishdd iMbur 6 hrbitrdth Rclad Becausd ﬂ:@?hre"asi}g&dta%ghe}' me +
FIFCc/Rd + bus turn tine + (max burst transactionh__perrod/2 T) In other
wor ds, abitpsion priptiydhancwitss o ssad returpyy Once thgybus 433 isgeadyde pesephthy nerdve to

wait f [ : ' . ' r.ansf er over
the. bus PR B A peAR e Yab b Al b BRAAIMEDANE i £BNEETE T
turn the bus and wait for the rmaxi mum nunber of read return transaction to
transfer over the,bus 135 (FIFOc/Rd), then turn the bus again. The final
term (max buf“g"tre ‘}%ﬁ%i‘ﬂ‘%ﬁ‘ﬂéﬂ od/2 * T) places an upper |imt on the

del ay r gy, maro="bagmarA._tihé €FIFQ4/Rbont i nuous read transacti ons. Because
wite request transactions nust wait for both read request transaction and
read return transactions, this termplaces a boundary on the tinme a wite

transacti on iFgr KaOdipléxthuses, Maiblus fifn Bme 88 titieQd switel ¥RApnAlsRAtonequest
transaction and a wite transaction, The term max-burst-transaction period

r epr es edirsctiondo prothenhs- FpmbEto gut orivics Versah Jadhip smbediment, FIRQariRby isc ont ai n
only re Sfthin ?,@ﬁ% | Al I leAnNs). In an
enbodi ne%t,ﬁﬁgH’W| ttédn rans%te??ger?(l (§I ow%ldé&gog‘;é/trh%gggg?‘oédg%?f request 13 WO
01/ 27776 PCT/ US00/ 25497 transactions nay be del ayed when it collides at
the bus 135 { riteSAdsdcBbay N transactions. Sufficient buffering may be
enpl oyed to ho hi's pendrng wite transaction. The worst-case

' Darb(write) = Darb(read return) + bus_turn_time + FIFOc/Rd + bus_turn_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 return 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 an embodiment, a write transaction following a series of read request
13



scenario is a series of max burst transaction period/2 wite transactions
foll ow ng max burst transaction period/2 read request transactions. In this’
case buffewonartms acconodate max burst transaction peri ogéduRendig?g Wite
transactions may be enployed. This termis therefore included in the
formula for Darb(wite) to determne the correct buffer space. In other

wor ds, when transaction traffic is continuous, after a tinme of nax burst

t r ansact inafjactibrzdhay Beldeldybdtviiernit 5611ibs 28 thedbus 085 With keadQetuBBidtions. a
transitiaon f_romgéead request tr nsg&}ji on to,wite request transaction, or

vi ce ver Syffigient putferingmay-be employed do held fiys pepding wiite frapsaction. Jhe Mortticatous| v

subm t t ededali6 %A serids ¥ thd€ bin'sR BEMGLHER pPB RS Witte tdikabtiths Bolfowide coul d be
del ayed forever. This term&revents t hat from happening. Since rates

i ncr ease MmaxubyTet_ranfaetion psHod(d aeadireqvgst trasastiensyjn thisgasehuffering the nanner

tr anspor oSt Oyt kbR Riod g pellif b b aNER Ay BRI

Rel i abl e Thissemhisshereforediacindadrin theformuls fasrDagb(vaits)rie detemmins the werréd buffery be

acconplished w t.h ex |V ff sizes or flow.control. FIG 2 shows
an enbodisﬂﬁcﬁtw%(%g&for%s’ g’g%f%érﬁsg%gﬁggﬁgcalgc? %&'ﬁ soﬁ%eﬁg t'&?ft(grt ransport

circuit intaxabwsty thausactioni pdniotdi2c*T) theseemuistibe ugeiiod T of bortegdéestedtta tAGitioANPr | ses
a processor 220 to execute instructions and read data lied froma
memory baemsrad ages FARERD St regursk iapsachon o7 Vier g B THEFERIFSb 18, The

Pr 0C eSS Olragsheticiywd€ alloWedas Be tétinticisROsudRiitte dSBFEVED H Sheitd @dnshctionh ipeadih@n
technol ogy and may execute any. i nstruction set including, hut not imted
to, inst PH@E‘%“ZWTlééfgmggﬁsﬂﬁegtﬁwﬁaﬂmﬁF&"@IPWE&‘“&W"PEW&:H(r) processor
or otherw se conpatible processor. The system enbodi rent 200 may al so

i ncl ude an asynchronous bus 230 by which asynchronous devi ces may exchange
si gnal s with SHee ragsineragse (astasd memesy, po@dditienal delays willocown may be

i mpl ement ed using technol ogies for propagating signals including, but not -

limted to, electronic and optical conductors. Menory 14 ri
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 system to test an isochronous 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 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 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
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WO 01/27776 PCT/ US00/ 25497 218 may include random access nenory (RAM or
any other form of nenory capable of storing electronic signals. Enbodi nent
200 conprweas2mw7elevi ce 205 to act as a source of asynchr egpmgoeosdsigansact i on
signals, and a device 270 to act as a source of isochronous transaction
signals, each coupled to asynchronous bus 230. These signal sources 205
and 270 may herein be referred to as "devices". Those skilled in the art
Wi Il appeedalifcliderhndoifadcessienttty (RAM) ¥R¥ny StBESbrh 8 ARYofy Saphbik of "

conmbi nation of circuits in one or nore pacKages, circuit boards, and

housi ng$torpg elerEpnie Fignals-ne term "devi ce” may refer to functionality

provi ded by software instructions executing on a processor, or to a

conbi nati on of hardware circuits and software instructions executing on a
processor. Afmbodimend 2 eompriges ydavide 208 to 80 as 8 spiréesofiagyndhrormmns enbodi nent |

stages A.,a0d. t r loent of FlG may be enpl oyed
to transpor gml%s% arlgd %%gaé‘?creair@gg ? ?‘3 tﬁg Q%g%%ﬁg%f%ﬁ%?%#gmﬁﬁ%%&\ﬂgoc hr onous
devi ces chchrpiupled talasynchrori® pug 280t Theseaippalcbtueso2S dhidD70 IHhy Hfeih BOChr onous
bus brid 250, ich in,an di pent canprises . stages B and D of the
Gata 1 r SHEBHT© a8 rte Tomwiean (e g RBp Bl It 6o -4t sy

i sochr onefesstotang bireuit dreombhRtivesf cirtGits mlune b Hibrd phekz38), civedit BBAFRS, ¥nUS 240.
The conbinati i sochronous .1/.0 i nterface 260 and i sochrondus bus

n of
bri dge eswyf?wme@ £ bomn ABYieR) Inaessies o Dpetiogality proyided Bypsaftwaseychr onous
X-T contiskabtids rexédhﬁﬂ%@&i prB8ssbi0 0Pt cobdbEtitn SENAr aé%ﬁgmﬁ%nﬁgg%&gz 18,

despite asynchronous transaction signals on asynchronous bus ener at ed
by asyndmiyeiANS cYecRtRon a pROgEsSA. 205 may act as a source of asynchronous
transaction signals and may be coupled to asynchronous bus by way of
asynchronous I/O interface 292. Asynchronous transactions on asynchronous
bus 230 genéndsachragpuslé@ intenfase 368 compiising inf suchbakmentystages 20dnd Cref be

cour so. B GulBiPbtbatien of a1, B b enBioyat W SRR Bdwotang’s, *1 7
enbodi néransactiens peochieed by, orfeloz manw iSotliromous devices(suchay devios 270 td thet he syst ens
) 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 /O interface 260 and isochronous bus bridge 250 may provide
isochronous device 270 with a reliable isochronous X-T contract for transactions 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 transaction signals and may be coupled to asynchronous bus by way of
asynchronous I/O 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 bridge 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

employing memories or memory busses.

15



enpl oyi ng nenories or nmenory busses. 15 WD 01/27776 PCTI USO0/ 25497 The
system enbodi nent 200 further includes a neasuring device 290 coupled to
| sochr onougogiged source 270. Device 290 may count the tgimdsopdiper of

i sochronous transactions produced by isochronous device 270 for transfer
over bus 230. Device 290 may also neasure the nunber and tim ng of

| sochronous response transactions delivered over bus 230 in response to

cor r espondi NOrREGueRlenltoARSAT SO0 Aither iALuAS 3 HlaSurind Y o 298 O ount = and

check the timng-of read response transactions ~across bus 230 in
r espons eispehronoys signal gowrse 270. Aevice 2PGmay pount the ¢etalmumbey bfisodifenoud devi ce 294

may be c RY, - 4 . r n r t.i mi of

i sochr ongﬁg!ﬁ%&% sotrdrE {E‘raelf&slgot:éﬁfoéﬂ'gs A@fe °.€r§2¢§5%§}é§?5§§’ g‘gﬁgs Zgggﬂe\ggep}ﬁ@ | e,

devi ce 28ldo nmasurectheimimberdndtindng & i¢dehrohousi ragponde tranhsdotionedplivsted byabagct i ons
and read,fequest transacti ons roduced .b evi ce 27Q and. delivered over
bus 230, 24C Bt 1f RERGpR el RS, Pt e Epfes defiee 2fIVmm SHRT ¢ e
oper at i Ogndiheékthe ity sfaedl responss waedctions delivérkd 6§ bus 290 Byreboagdoonous 1/ 0
i nterface 260 and i sochronous busvi%rﬁi;g’i(ge 250 may be tested as follows. A

r ef er encad Fequest EpnsacHons peadu e configured to produce a cl ock
signal each tine period T. This clock signal may be applied to each of

devi ces 270, 260, 250, 290, and 294. The cl ock signal nmay act to synchronize
the operati ofdevice 2mayescaupled to memprydmG 240 to meas mebez 20d thangyener at e

X i sochrmm&ambﬁmg@est thﬂﬁﬁ‘ch%i(?&éﬁv&eﬁ‘icﬁ&rﬂug236::Fo‘?‘§¥ﬁ(ﬁ;$lé,°d}%§ 284 ggg!  source
205 may generate asynchronous transactions during the Same tine periods as
i sochr oncomst andgnegisurs thertining D writs reguestisansantions andoead request Bransactions The

asynchr?%ﬁ&gcﬁa?gggﬁgéi'%d%gﬁ‘éé%g@;ég%%ytransactions may t hus experience

cont ent e asynchronou nchronous transactions may be
generated at regular tine intervals, irregular tinme intervals, or a

conbination aof the,two, .in order. to roxi nately. reproduce real -world
operating co iaF(fO&?fxé)cer an embodiment o epreseHP‘ mven¥:on, tBe operatloncﬁ‘aan

isochronous transport circuit comprised by isochronous I/O 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 period 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 signal source 270 may generate X isochronous
transactions every time period 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 isochronous
transactions may thus experience 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 fransactions delivered over bus 230 over a particular time
period P (which may be a multiple of the isochronous time period T). This number may be

compared with a number of isochronous transactions produced for transfer over bus 230
16
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under which the isochronous transport may be called upon to operate. Device
294 may neasure a nunber of isochronous transactions delivered over bus

230 over womartteul ar time period P (which nay be a mul teicRho@isséne

i sochronous tinme periad T). This nunber may be conpared with a nunber of
I sochronous transactions produced for transfer over bus 230 16 nn. WO

01/ 27776 PCTI USOQO 25497 over the tinme period P as neasured by device 290.

Wien t hevauhiptime peried Pasidkasitddtby devies RO Whén the ARSBAS breEqualine My be
operating properly. Device 27Q may al so produce a nunber of transactions Y
every t i$AshigBPRSEEngPqrEgircuit mayheapergliag piogerly»30, where Y is | ess than X. The
value of Y nmay range fromzero up to X- 1. The value of Y may be ranped
fromzero to X-1 during the test period. This may provide an indication of
t he oper at i oPPegice2@ mayglsp praduosa numberef transactiansi Y evenyitime pemat Tifons wher e
up to ' I ver | me perioq, T.
ovi co AaaeieEiys BP0, whb@ Y214k 835 X2 1he REREUE X bl bleein G -ar
del i ver ddThovalne oY myrbemausedtfiram 280 tal¥r 1 duingehé test geriotd OTHis My grovide

i ndi catign_of .t he.qunber .of synchronous transactions coptending with
| sochr o dudiarion Sf e bpsration of (¥ 1s0ChpARIS FARMRGE CHBUIL Lasen cORNANE YESTR By - al 50
neasur e tb bet lessnier X abndastions afsroduckd e tithe@efio@Toduced by device 270 of a

type which result in return transactions. For exanple, device 290 may count
a nunber of read request transactions produced by device 270 over a tine

period TP. Pgyevied 290 haydkalife b AEmEE BT a@nchichbfy ©itkadtioRWhichBrdiflivada P T or

counting transactions recejved at nmenory 218, and tinme perio maybe a
nul ti pl OVeFasyredrenons bpsed30sring pesiag B, do proyidewn indiation of themumberofc hr onous

return tLEaRARMbiORMsaRiohy &fnﬁ'&dﬁ%@ﬁﬂﬁﬁéﬁhﬁo}%ﬁs I ?cg' tﬁ@{syn&ﬂsﬁc{% ate

i sochronous_request transacti on Ironous refurn transactrons and
measur e bus B3Q. Dexicy 200 may [lsp mpasure theawmiber ofibochrones tiensections proditcedi bye

R L e L e
a number of read request transactions produced by device 270 over a time period TP. Period
TP may be the same or different from time period P for counting transactions received at
memory 218, and time period TP may be a multiple 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 corresponding
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 illustration of distinct
devices or circuits 290 and 294 to provide the testing functions described 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



every tinme period T, device 290 may al so neasure that exactly X return
transactions are delivered over bus 230 every tinme period T. O course,

t hose ski kiseiarist he art will appreciate that the ill ust retriusoo/zs497di sti nct
devices or circuits 290 and 294 to provide the testing functions descri bed
is nerely exenplary. The devices could, of course, be conprised by a
single device or nore than two devices. It should al so be apparent to

t hose skihhbidatioh dffhardvate difeaits dndesofterstel T invention drin noovdydimited tprovi ded by
hardware circuits_or soft re |nshgict|ons gyg%uting on a processor, or a

17 WO OlPQ"?‘?‘?’lB“F’tBﬁ“EE%PE \gsting 1B paTAVATS 4 5O ardware circuits and

software. The invention is in no Wayllmtedtoa particul ar

i npl enentation of testing in hardware ertain features
of the invent Warleigguiain frabiesiof %PY%{“@B(B&?SQT ﬁﬁ’?‘ﬁ‘gﬁ‘}/\#}e‘k@ﬁ’rﬁ’e‘ﬁ‘
modi fi Ca}.}a@gguod&k&ﬁ téﬁ%ktﬁﬁl%m@hﬁﬂ%@%n@@&n%tyﬁﬂmﬁvﬁowh mysmlewr to

i IS h

t hose sk In the art erefore, to be understood that the
appendeducthalartsltass therefiorevto be understeaekthatdhe apm"“éﬁ%%&ieﬁ%tﬁ?@ dP8oEhahges as
fall wthi e | Y/ effon01/ 27776

PCT/ USOOF‘?’?" d a?’g cl § ?{sdﬁ ih%ﬁg\ %3@%%’?. sing: setting a
contention scherre for an asynchronous bus such that the contention del ay of
i sochronous transactions on the bus is bounded; during a specified tine
interval: measuring a nunmber of the isochronous request transactions to
transport across the bus; neasuring a nunber of the isochronous request
transactions delivered across the bus;
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measuring a nunber of the isochronous request transactions of a type which
result in corresponding return transactions; neasuring a nunber of return
transact i wooidet7rsver ed across the bus ; conparing the numfayysesnsagOChr onous
request transactions to transport with the nunber of isochronous request
transactions delivered; and conparing the nunber of isochronous request
transactions of the type which result in corresponding return transactions
with the nunber of return transactions delivered. 2. The nmethod of claim1
in mhichwighg%@gm%igontention scheme for the asynchronous bus further
conprises: setting a maxi mumtransaction size for the asynchronous bus. 3.
The net hbhd method eomprisingd Whi ch setting a contention schenme for the

asynchronous,.bus further conprises: assocjating. a higher bus arbitration
oriority. t e FRRTHOR Seeie b Aranviqbanens i sustthat iy AeMewitayisiay of
transactions. A4isodiénciie trtimsdctitins ©hdhdBus id Bouahéesh setting a contention schene
for the asynchronous bus _further conprises: 2o 1 e rrrrrr e e

N RN E“%@Wi@ﬂﬁ‘?‘?me’lﬂ@ﬂ US00/ 25497 setting an arbitration priority
for read requfsiuddgA\nattcr 8P he WotRoRustr smchbﬁgtayagﬁog{afc%rsgh}/e for read

response transactions, and setting the arbrtration prio or read
response transact ib¥®is greater than an arbitration priority for wite

(r: gﬂ;’ gf‘ E i E) L ag c%ﬁ%%r% n@bee]_ggt)lllgg%??%ﬁgﬁgs rgéﬁu?strg'a%sa{cﬂon% defivetd Gl iolknd bus;

measuring a number of the isochronous request transactions of a type which result in
corresponding return transactions;

measuring a number of return transactions delivered across the 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 resuit in
corresponding return transactions with the number of return transactions
delivered.

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 transactions than to
asynchronous transactions.

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

further comprises:
19

* c L "M s *



further conprises: setting a maxi mum nunber of read request transactions
and wite request transactions which my be received sequentially by the
asynchr ongug ofiptg76 6. The nmethod of claim 1 further conprismngowgRawer ati ng a
maxi mum nunber of isochronous request transactions to transport across the
bus per isochronous tine period. 7. The nethod of claim11 further
conprising: determ ning whether each of the nunber of return transactions
is delivered,. : l: ' ; SRORSH AParbialier  of
i sochr onoug%‘@%ﬁgétgﬂﬁlgélg}é%}??gélﬂsr%mﬁ&ceﬁ{us%gﬁngﬁgréeful t %1 cor resgtf)ndi ng
return transact poerityferresdresponss trafisections,@edi of claim 1 further conprising:
generati ng nghrqn tr | L the nunber
of the. | SRTFES I e prRRRF AR fesbbhel B Ders ol s il "
The met hod of cpAérity forf wiritelrequestdrmpsactionsg: pr ogr essively increasing the
nunber of isochronous request transactions to transport across the bus.
10. The nmethod of claim1l in which the nunber of isochronous request
t ransact §ofe fhéhod dfenGRArih whidhaRtink ARoesticnaodmefor theasynchrpmens bus |
transactions and wite request transactions. 20 ~!'l~ili 111111 111111111
|1 ~I 1~ furgexcompnsesiiil WO 01/27776 PCT/ US00/ 25497 11. A system
conpr i i Ngs.@no SRR AAMBertdf Feal 3duest tAnGRAGRIELE W3ite RaaER rldatticagunds t he
contention de gcly 0 I sochronous transactions on the bus;

which may be received sequentiaily by the asynchronous bus.

6. The method of claim 1 further comprising:
generating a maximum number of isochronous request transactions to transport

across the bus per isochronous time period.

7. The method of claim 1 further comprising:
determining 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.

8. The method of claim 1 further comprising: _
generating asynchronous transactions to contend for the bus with the number of the

isochronous request transactions to transport across the bus.

9. The method of claim 1 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.
20
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a first device to neasure a nunber of the isochronous request transactions
to transport across the bus and to neasure a nunber of the isochronous
request twews2mré ons whi ch shoul d result in correspondi RgriShobssdy
transactions and to conpare the nunber of isochronous request transactions
whi ch should result in corresponding return transactions with the nunber
of return transactions delivered; and a second device to nmeasure a nunber
of the isochronous request transactions delivered across the bus and to
conpare_the nunber of isochronous request transactions to transport with

t he nunbkA DECILeMITSNEUs request transactions delivered. 12. The system of
claim 1l ip %&:‘:ﬁ&n&&%‘é RAN, !?5 bétentiol Senf thit' s HR&éﬁhé wn&%‘?m g&ﬁg gses
mexi mum tran t1ron size fof transactions on the i ﬁtemof
claim 11 i n whisobhroheusdwansactionsem thebuspre for the bus further conprises: a

asynanr onddie PRl pesll' s Thpioksbhe RPunRAR PR pb e P Gkttt

cont enti on scheerossthe bisuadinlmehsutd A\MEmisee oP thedQhronus r@fidist thadsh@ionpr i Ori ty
for a read requ é‘ﬁasac |on reater than an arbitration priority for a
read response f”&‘hﬁt}?'é @ 6‘??“&‘?1%? PROGMg; e frangaciions,and t comparethe  cad
response tr anSﬂﬁﬁlb%fﬁﬂoeﬁbﬁéustr&ﬂiést&ﬁnﬁcﬂbﬁsﬁ#ﬁlbﬁ)EhouRI:‘eQJlt in¥ofr€dpo ite
request transaction. 15. The systemof claimi | in which the cont ntion

schene for theTHW@ tapsactiens ¢ puber of setpdransactionsdediversd; andad r equest

t t |
Scanent | o B o het nbad STk AS Qiondte ey Tipeabfods EetE] |

01/ 27776 PCTI Usacgstbebys anddo cqrms;bsmmbur ofgserhrondds sequestiirarisadtivas fd r st
devi ce generat ﬁﬁn@oﬂ%ﬁrﬂf&m of 1s8£hronous request transactions delivered.

12. The system of claim 11 in which the contention scheme of the bus further comprises:

a maximum transaction size for transactions on the bus.

13. The system of claim 11 in which the contention scheme for the bus further comprises:
a higher bus arbitration priority for the isochronous transaction than for an asynchronous
transaction.

14. The system of claim 11 in which the contention scheme for the bus further comprises:
an arbitration priority for a read request transaction greater than an arbitration priority
for a read response transaction, and
the arbitration priority for the read response transaction greater than an arbitration
priority for a write request transaction.

15. The system of claim 11 in which the contention scheme for the bus further comprises:
a maximum number of read request transactions and write request transactions which

may be received sequentially by the bus.
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I sochronous request transactions to transport across the bus per

i sochronous tinme period. 17. The systemof claim 11 in which the first

devi ce detpp gy Whet her each of the nunber of return teansesnissons is
delivered a predetermned tinme after the correspondi ng nunber of

| sochronous request transactions which should result in corresponding
return transactions are sent. 18. The systemof claim 11l further
conprising a third device to generate asynchronous transactions to contend
for the bus with the nunber of the isochronous request transactions to

t r anspor 16.athecgsten oéclins 11 inovhidththe Sipss devicogeneratas maxitympumber ethe fir st

devi ce progressively i | .

tr ansact FORESRYS Fanbe saRRORTS o biRplit BREks Bt bus R ROMRARIS chEHAS.
generating a nunber of the isochronous request-transactions; receiving the
nunber of _i_gochronous, request, .t.ran tians.to a finrsh buffer.at a.first
rate; thk 'Sﬁt?fﬂg?y?‘ﬂﬁﬂ ﬂﬂ%‘@?‘db?’eﬁ%ém‘%%?%ﬁJ’é‘sﬁ*‘ef ?agﬁgggeingﬁ.g *¥rom t he
first bubfRiurh @asActions Wikliveedal prebietsriiasd fige afteral hespondingmambesefch t hat
the bus contention delay of each isochropnqQus request transaction of the

nurber ofsorhrerays seavest tRawetens which-shouldresylidn parraspRRRgFeuFL EraRsactels ¢ he
nunber o%ei sgichronous request transactions fromthe asynchronous bus to a
second buffer at a second rate greater than the first rate; neasuring the
nunber of the isochronous request transactions received by the second

buf fer, I ' I : hR_NS Whi ch
shoul d r QB Syien Bf il £ el it a P Uevice0 Wlkgh LBOhOR Y
L1T11 1" trhdshétion®Otddongsnd 7@ tROTisWEG0he Bvu@ber 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;

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

receiving the number of isochronous request transactions from the asynchronous bus to a
second buffer at a second rate greater than the first rate;

measuring the number of the isochronous request transactions received by the second
buffer;

measuring a number of the isochronous request transactions which should result in

corresponding return transactions;
22
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conparing the nunber of isochronous request transactions generated with the
nunber of isochronous request transactions received by the second buffer;
and conpagorgribe nunber of isochronous request transacpcemsoodiseh shoul d
result in corresponding return transactions with a nunber of return
transactions generated. 21. The nmethod of claim 20 further conprising:
setting a nmaxi numtransaction size for the asynchronous bus. 22. The

met hod of gérapdiing@hd nimibes bf BocHporionE Feguesd Sratsactitins Renetatbd 9fith theifinkdk bf t r at i on
priority to the, nynber of isochronous tr Bsagi ons .t han t8 an asynchr onous
transaction. 23%$° %“%f%ﬁs.tani?F%‘?%r%“ﬁeg Y se%‘ti&"‘?’%’ﬁﬁ. setting an

ar bi trat i ogoripdridgthe/minter bi'BotH#BRAE r&;fi:edt&%dﬁétiﬁiﬁmﬁtﬁh shefildGedultlih ansact 1 ons
greater than an arbitration-priority for the nunmber of isochronous response
transactions. 2ePrrespEdingTRYM BrnsactionsWith amymberof retyriransactions generdtedy a

maxi mum nunber of isochronous read request transactions and isochronous

wite request transactions which may be received sequentially by the bus.
25. The 2ietThedneiiodxfxiamn20 fadherisoempusingsr i si ng: transmitting the nunber of

I sochronous req tl b ffer at athird rate
greater than th%eﬁzﬁgt%#\%ﬂ?n%&éﬁg%m&g%?%glaé%g’qrr%??lgoﬁﬁé:&"setti ng a contention

schene for an asynchronous bus such that the contention del ay of
i sochrongus., transact.ions he bus.is bounded; 23 1111111111111il
DI 1o e EBoRar e 38 RESE25497

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 2 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;

23

(A



establishing an isochronous interface between at | east two devices, the

I sochronous interface supporting an X-T contract; and neasuring a nunber of’

i sochr onows dirgyeacti ons and correspondi ng return transaq:ttrmgao,zsdgl i vered
across the bus during a specified tine interval. 11111111~~1 * 24

i,
establishing an isochronous interface between at least two devices, the isochronous
interface supporting an X-T contract; and
measuring a number of isochronous transactions and corresponding return transactions

delivered across the bus during a specified time interval.
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