; e3e8223| 575t N868T8h2 0 ,i AN 2004 SPLI T TRANSACTI ON PROTOQQ}J@@B%@DBUS
SYSTEM Field of the Invention The present invention pertains to t ield
of data conmunication in a digital 5 system Mre particularly, the present
invention relates to nmethods or protocols for transferring information on a
bus. Background of the Invention A conputer or simlar device typically has
a bus that connects devices to the 10 conputing system Due to a variety of
advances (e.g., conputin r) in ste i ces, the
anount of data t hﬁqﬁgwwgﬁm@ﬂﬁﬁiﬁﬁﬁgﬁé%ﬁawﬁ ﬁggg‘%ﬁem and its
attached devices has increased, requiring a concomtant increase in the
bandwi dt h of the bus. Part of this increased demand for bandw dth has cone
from mul ti pgeiafapphi&aionons that require data to be transferred at regul ar
15 tinme intervals (isochronous) either fromthe device to the conputing

system (i n) vi a Eiedrengst ingention perfaing ppsifield of datccorppugieation inEdigiiles of
devices yequiring,signifi t .bandwi dt h, incl.ude caneras, co t. disc

ol ayer s, spEsREr SAOTRERISHIEe e RARGYneion 45 2 1 eI pTRiERals fag

j oysticks qﬁqsmrg%mm@goﬁmglbugevi ces. The bandw dth avail able on a bus
architecture 1s partly determned by three factors: 20 transm ssion nmedi um
t opol ogy, and the protocol used to control access to the nmedium The
protocol and topol artly determne the nature of the relationship

bet ween a dEfg@ud ' ApdPing system One possible relationship is a

mast er - sl ave reI Y LR o ﬁq;ﬁ% e r b OOSHAL ting
systeminitiat esﬁ%rg?‘?:[a# ?rysugp?lad at att?é%%@t iaob%@g%t ween{gt({ﬁzt(gﬁcg%:)gﬁg@%’J i ng
system gnd c@n@emh%eystaﬁ Due 1o a virtetglef adanes|(y.gr, espputite icowverpipiest s fromthe

conputing systembut never initiates a transaction. A benefit of the
mast er - s| avemputiag FYstErs gd devicep iBe apewtios datg that Gan/bmerchangad hesfeen w cost

and sinplicity. . .The Unive | i . pecification Revision 1.1,
Sept enber f@fﬂ%fg%zsyﬁ%nfaiﬂ i‘sis%%ﬁé& g‘%‘”geggl(%‘%)ﬁ%g%ﬂ%ﬂgquirgﬁa% (l:eoc %ﬁ?létaﬂt;vi ng a
mast er - sl aygerkfleat tRMERERIRELIBE Bus| PivedE ShicabRaet ddmByd tfi®andwidt® ~ JAN
200# bus. Unfortunately, many of today's devices and conputing systens have
bandwi dt h rhesjodme fiient sultonedinapplicatians thathiequitsaiatado bdrassiered aexégilar exi st i ng
mast er - sl ave bus standards, g):ch ag{ !t@gtﬁ bJSB St atgdard. Even tho¢1 h .USB does
not supbor RISV (SoRreiousbgiber fpmdhe fevipglo the CompYURG SYSie Uk YR base of

users, and 3 : " 4 i : /s

("1l ow speeﬁ#%@gﬁaﬁh‘l\!\g trlrtuéIcﬂt;ri@%tlﬁ)?a1 (géﬁ'aMr%al?g}(seS g’ﬂb‘%"%’g? é%%%ggn%%%ﬂetwgevi ces
do not r equibiahéwlitlghindadeacansdres canpact disc phdyesy speakay)inhicophbnesp sidesavi ngs by -
t aki ng advantage of relatively |owcost, |low data-rate drivers and cabling.

However , t IfesPUEEIgYISE ceamerh abd ypichks and &nies RPPR RS J8YIE%H t 0 10

conmuni cat t, | i t - j jvely at
full- speedervl\ﬁ%thnang%G%Pg‘ga?‘lélimreao[ill ezJ eva?%]téfs%c%g%%@gﬁé}hle? "ﬁ“ﬁ‘(glﬁ% @e@gﬁ}g&%&n&t he
amount 7 daihsmasiodahddiuh] RPSIBEY.Ied tBY protdddBudedso taftf atiased theoughput )
being less than that achievable by Ilimting the bus to full-speed

transact i omsedinm. dihh@rotoenl @ad tenelasy pamily detergpine theinatre af thegslabansdig dt h
“being avail.abl e for higher spee e. g. ul | - speed) devjces, especially 15
when t her e BeEvEeneytic B PR Sirfiap- S poRlR AU REbRE atfached 1o
the conputipg,SVehRMial s RGimakersatteRibidhi e%mgl}{iﬂglg}b%ih s
exacerbated where the ratio of high data rate to low data rdate i s
rel ativel y iharags typAciyhdl dgpossishtteons betvpeenttbe clmpuwimi d ystemuinde ddvicehost t o
(1) transmt at a high data rate a packet to a hub, (2) it for the hub to
f orwar d2at itehdhe BeyieRAMY Fetpendsiia regyesia fioat ﬂneﬁommatl%agw‘%n\f?eynw&rt for the
agent to re o] | : -4 [ fromthe
zﬁﬁl%%g aq}ang{lz ioh O tﬁj&%@ $AhE nlaBtel Qﬁv? g@%qggﬁgg(&% b erehitEenule

hub at a hig ta rate the agent”s response _ Ne ratio
of the hi ghagaigrelatil€lyiowlche ang intisilcity! Bh€Unbvefsal Sdrial ®uy (USBYe, this bus

protocol may also result in a low effective throughput or bandw dth because
of the needpeoifigafion Revisiohd. hdsptemben2hdi9881ihan gramkele ode popelar buws dat a rat e

~and for t hearc teeré%urc-“:z avtix(ljg A i %p-gla% rela Emlsﬁ\f)vb%%&nre%[n?énts connected by the
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Anot her popul ar bus technology is defined by "Firewire" or Qr@tJﬁNJQEﬂ@f
El ectrical and El ectronics Engineers (I EEE) Standard 1394 f or I g
Per f or mance Serl al Bus, 1995. |EEE 1394 supports multiple data rates,. up to

400 Mo/ s. t.h regat e and th is substantially hjgher than USB,
'eeE 1304 dp oS R ordRBat e i CaRguTE ILPbFel y costly

t echnol ogy.y a idtR réquireMents (or ddE rRKS by b9§ significantly
af fected by agp‘géd gfnftl ﬁa S\llél ﬁlg or a b tour%erptg t}aﬁ €actions at a
| ower dat a matter-dldvarbua stemdirds|atiah rathe USHh8tandardr ati o of t he host's data
rate to the agent's data rate. Thus, it is desirable to have a protocol

that allows commiviidhpuginlUaB dPﬁ%“‘PﬁSQH@“ H?éf!t&’eb’a}tuéh dﬁ@c{ﬂteﬁe‘@ hgga t oday’ s

bandw dt e aII ility.with
pro-oxi st i CaEin Ras YRRt SR Abh UG CREIEL L FRER T Bt

penal ties liﬁaolsﬁms’("&ﬂﬂ-@ﬁeeﬁh) f[USBQll@ﬂ@' rﬂdl‘ﬁpl@ﬁﬂﬁrrat@h AR RERRe Mimt he

prior art. One issue faced by high data rate systens communicating with | ow

dat a rate déaviceedo haskrefjeice highslotai Ib@@l aadbomeachNV@tS@lﬂﬁq:fmt gestfsadegs iy

conputi ng st%gtena arl se 0. frlo nig |ICIt of b@ @rot ocols (or

st andar ds) 'FHag 24r8 Ir Biwely '0‘65&1 2-FRG AReriand cading ed to operate
i n accordance w ance with a

di fferent bus pr%%]%gvoe?%?msg@%gicom@aél u St?g%!rs@gﬁ?ﬂrlggsﬂgﬁgg to own largely
duplicate dewimascae apby-specdudth lok ddiaf hirrdevives ahdaltdiaipvay acfall-spéer e
there is a Iarge base of devices being used that have a significant

economi ¢ | iWih high datayr al?éjeYS’eﬁﬁé’F‘Fchﬁ}'@% regpltyip e amogaypidda egually used with

a conputin t atibility
o the. pr ofaapaR Rt s i B et ool AR B SRR S o i ng
to an enbodim®ing 18 hiishe falhyeRditARsaHERS. TR th& wedsTpBeS Hifthg kiidah a

bet ween a host and an agent is described. The nethod includes the step of

per f or mi ng lgsstiandwidtly beisg evailshlader Wigber @ehd)éqgcﬁﬂk-$meﬂ)3de\am3 esphaiblly The hub

i's operfg)le to erformk%ia h’ le tr nsaﬂpo wi,th an ent .based on the

first t ans”&%ﬁ?’l e 157 B RO H T ORI OF 1R SPgeq eé”tcgi)a chsd 19 B¥ni ng a second

transact i onaNREBysidiR. ITAS bR S IRhifAAL oh saction

is based on the sigﬁygsl e 25 transactllsgon IBri%? @g%%&tﬁ;ﬁ(%gﬁgﬁg%g% ngs
the ratio of high data rate to low data rate is relatively large.

Another possibie bus protocol would require the host to (1) transmit at a high
data rate a packet to a hub, (2) wait for the hub to forward at the low data rate the
20  packet to the agent, (3) wait for the agent to respond at the low data rate to the hub,
and (4) receive from the hub at a high data rate the agent’s response to the packet.
When the ratio of the high data rate to the low data rate is relatively large, this bus
protocol may also result in a low effective throughput or bandwidth because of the
need to wait for the hub to forward the packet at the low data rate and for the agent
25 to respond at the low data rate.
Another popular bus technology is defined by "Firewire" or Institute of
Electrical and Electronics Engineers (IEEE) Standard 1394 for a High Performance
Serial Bus, 1995. IEEE 1394 supports multiple data rates, up to 400 Mb/s. While
the aggregate bandwidth is substantially higher than USB, IEEE 1394 employs
30 wasteful speed shifting and is a relatively costly technology.




The present invention is illustrated by way of exanple, and tadol ML ation,
in the figures of the acconpanying drawi ngs in which |ike rzgmggﬁgenote

simlar 30 elenents, and in which: -3 ~ ,SAN 2~~~ Figs. laillustrates a
bl ock di agram of i tal tem usm Ir ot oc accord e wth the
present inventi oﬁﬁeF’f’ afﬁe%/ ‘@z‘sl‘iﬂmé’ﬁ aBQYF‘gF%tE‘?By E)P‘?S’éégg“g%ow ng a
met hod in bLhon fl el QIYAE Bahia p@&g\ﬁ@ﬂ a host
controll er%ﬁg&g?ﬁﬁﬁhﬂﬂo -eﬁ'i}%'gﬁltﬁaflﬁagzpr aét)esa g ﬁﬁg In aCCOI‘(r]Q)I’SICG with the
present i nvend theratidFofyhe hda’séairatd tbulsd sgehes daatratemelituis e iseayalde®o f or a
host controller and a hub, respectively, performng a transfer_in

accor dance baverp prfosol qh@feafm‘*érvommggcat@a agthghigher Géftarf afeer eﬁﬂ‘gﬁ‘ébﬁac hi ne

di f h
L amst o 5 riogee 0 Ransh R oo s BUER B b SRR BB oI AR, P27

state machl pr-&liaieaBmtibas, sachASUSB OsHd Withdit haml.ﬁao batpihepefiflfies | vel y,
perform ng anot her transfer in accordance with this-invention; Fi gs. 5a &

5b il ust ratmp@tiébg Sp@dkﬂhlfenﬁﬁabﬁ@mhﬁff disadvinsages o themsiarert. and a hub,

t ly, f nsf d t hi s
| mvonti on F gb Lo, Ol gnfheEn Py B A B SR TR PR ot S e

controller e rd @l PO

accordance w tﬁ %g%eg%@%g%%ﬁ/gé“m%ﬁ ééd%bfg% éialbustr é‘gﬁs:sg?gﬁ %rggshélsne

di agr ans0f ofrom the stulditityalfbes pmistoss (oubtandadyabitiavehvailapler fiypivalig a@anot her
transfer in accordance with this _invention; Figs. 8a & 8b_jllustrate best
case and wofeticeaaanipptareddo PBFraE4R acqardanse arith 4 buspretcabwibaciioprrateia

present invent) (f ange Al a20erblefe de% ﬁr(%)tlogcﬁt By bt WaBad 1S HRE 2fREr A2%%n

control | er - AUB T¥FahSactions
largely duplicate devices simply because of differences in the protocol. Where there

is a large base of devices being used that have a significant economic life, it may be
15 desirable to allow such devices to be used with a computing system that has a

protocol that provides backward compatibility to the protocol of the legacy devices.

Summary of the Invention
According to an embodiment of the invention a method for communicating
20 data between a host and an agent is described. The method includes the step of
performing a first transaction between a host controlier and a hub. The hub 1s
operable to perform a single transaction with an agent based on the first transaction.
The method then includes the step of performing a second transaction between the
host controller and the hub. The second transaction is based on the single

25 transaction.

Brief Description of the Drawings

The present invention is illustrated by way of example, and not limitation, in
the figures of the accompanying drawings in which like references denote similar

30 elements, and in which:



agent transactions. Detailed Description A nethod and appar QtﬁlSJA‘NJQ&B%
communi cati ng between a host and a peripheral 25 (agent) is descri bed,
where the agent communi cates at a different speed and/or protocol than the

host. In the fol | .9 L PO, expl apat i on, . numer ous
specific detail st‘%geﬁglelgﬁﬁg{e% Ebioﬁﬂg%%g%mﬁgﬁgpr%@?%gteén 88%09%(9& st andi ng
of the presagbrdangenithale pletentinventiénevi dent, however, to one skilled in
the art that the_present invention nay be practiced in a variety of bus
syst ems, especi aF185- Horlicaf 1doeaply dhistraigs o porcesstshewmgspmethpil an sepadanse | n

ot her instan el operations, steps, functigns gn evi ces are not
shown in or‘é’ggﬁflg?%\%hggg%s%ﬁwwca%ﬁg bleﬁ”\f'@ﬁtaih(?ﬁt. contmﬂef aﬂ%ﬁi&l Ppp~ Parts of .
the descsiption pig, e PRisBERS 8HLBGh H&ioRGhnke LWt R ¢ by enpl oyed by
those skilled in the art to convey the snubstianceﬁ%%lent eir lv\%rk to others
skilled in the aFigs. Za&2lndludeste smtomackine diapiaats for 2 kest sontiolkr afid Bost
controllerrs]ﬁ hubs, buF ag]%nt S. or agents, and so forth. Also, parts of the
descri pt i oni4R FEPEFEEL BEBOPMEE & TABSHer 1 3CSPTaNGS Wigh BYsiovemtionyer f or med
through the execpi o, &f sl ' ' | initiating the
functionality of Sone el ect?‘?{égﬁmgg@n%gﬁg%g@&c%&ﬂgﬁ E‘??P@{'trﬂkfgﬁé?ernﬁ such

as, per f or riiubgrespenivielyy peﬂiﬁsmﬁiﬁ? andter PARRRM Atordanbeaith Mg invieh@hs M t ti ng,
configuring, and so on. As well understood by those skilled in the art,
t hese ofér at i onsFigaida &b Hiysiste statd machinedingroms fambast comtrolleptadal 10

signal s capahl e _of .bejng stored, transferred, copbi ned, and ot herw se
nani pul at eg]aut%hfegﬁ%cﬁggyeg?&?%flg %?{égﬁgwf T 'WPUGE“’OW@P&IPF HYSOU@n.|  be
described as mulpiigplsh &isHiRERtS 5ERSMRMACTTBD s Tor 468k b that is
most hel pful in u%d_er standi ng the present ilg%rgrr?tsi on. %O\Ag&\l/tgorlﬁgﬂggor der of
descri pt i orhubhrsapattively, berforonsg aumberasansfer impdeyrdahed withéigie inken@@er at i ons
are necessarily Iper fﬁorge‘sq) in the order that they are presented, or even
1gs. 6a illustrate state machine diagrams for a host controller and a
15 hub, respectively, performing another transfer in accordance with this invention;
Figs. 7a & 7b illustrate state machine diagrams for a host controlier and a
hub, respectively, performing another transfer in accordance with this invention;
Figs. 8a & 8b illustrate best case and worst case frames for data transfers in
accordance with the present invention; and

20 Fig. 9 illustrate timing diagrams for host controller-hub transactions and hub-

agent transactions.

Detailed Description

A method and apparatus for communicating between a host and a peripheral
25 (agent) is described, where the agent communicates at a different speed and/or
protocol than the host. In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough understanding
of the present invention. It will be evident, however, to one skilled in the art that the
present invention may be practiced in a variety of bus systems, especially serial
30 buses, without these specific details. In other instances well known operations,

steps, functions and devices are not shown in order to avoid obscuring the invention.
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order dependent. Lastly, repeated usage of the phrases "i nwﬁjﬂ%ﬂ ment , "
e

"in an enbodinent," "an alternative enbodi nent,"” or "an al
embodi ment" does not necessarily refer to the same enbodi nent, although it
smay. Figure 1 a illustrates a block diagram of a bus using a protocol in

accordance 20 wi Phrts hithpdesasiption ik be iprasentglissingErmppelagieoommentyt em 102
havi ng a host control] er 0 .,whi.ch is coupled to, hub Q which is in turn
coupl ed to &§& Ye%éi.thﬁﬁéﬁ"c‘éﬁ? thsartdp Cﬂﬁﬁg‘is‘g’ﬁtaﬁg%%éﬁgfgvtﬁ’ﬂﬁg\/?tg%rsdri ver
105 that X SkeH 08 Bty SRS |d@eice FX@RIoBEr BHveRIBI St KRELIARIBANRERS .
conpact disc players, Speakers, m crophones, video display devices,
scanners, abgs hgenstorcigentarahdnioderth afdnogpatshdtheldescimann Wil #yshem 102 can

i nclude any digital system capable of digital communication, especially

| apt op cénppreseried getekmbpl ersFwinns peromrgdibroygh the Xeaiopof PEOLTFRIERS ai niment
systens, and gane nachi. . L Syl i practiced
wth a vari é‘f Sttlonc?ioéil?légt%%\ﬁl%%ﬁlg&égﬁ%%gF%‘?% gllebtgi})éﬂm%hn&@gﬁﬁ@%Tm arr ows
101a and 103Bcwtrg, EHimaMemh& suthOid! gerformin, Bémdvigd grodedsinirpackhagid@, r ef erence as
to the direction of communication anong the host, hub and agent. The

di rection fsdredutifg tegemitting cohBguruig, amdisoen. t Hs Wk understopd by dliasered to as
the upstream-5_. n JAN 26p4 directipn.or trea in). .The dj.rection

[ rom Lhe hoSkilEd n fie 3Hhfhes 0Piriant firabn Gamol ek aLpY BALs* 3¢ Pt

downst 1 Gy dighefs choIb1O6r LAY GBS L, cdiihed AR biHehise Fahifilad 05
facilitates comuni cations or transactions between along bus I'00 (e.g., on
behal f of arhrapgh tleaticdrorypensadts.ng on system |1 02) 5 by processi ng packets

of information destjned for agent 130 and schedul ing the packets for
transmi ssion by éf@mopw%aﬂqrwﬂlm&qew&?g@am@ﬁlﬁiiﬂéggﬁ&%ﬁd&f@ws Yhd
receives data_fr I [ : myni cates at a
di fferent o&urpét\}\g@%gtggh?%g g“%gfégﬁi:ﬁ'l %‘a@g&g at egngtbtﬁgﬂ%sh%qgg%g@ ate of host

control | er Hevboslie dlatoNdkalptionkhbsidant ye coretragemttoiigphbwntheszupl ed to
hub 120, it should be 10 apparent that additional agents (not shown) can be
at t ached 5t o oherstigi0ere peqessast v eprformied in Historderghnt)theyrare pecsautad.tarene? agent s
may communi cate ,at the host data. rate or.the agent data rat.e. Fut.thernore,
Wit 1 o agent o dpRenthl, A3%ly, R dsdisRets b Pt Tln S Snlfifenl ShARL o

through at lgasHintdie " CaMeRhARRamboBRE&I e lor ! YD Stdile LRABLdiRRANdRS ndt t he
agent data rate. A conventional repeater type hub repeats signals it 15

recei ves onnetessarjlg refectntbé siemoembedmdonakthoughm meyt s, and vice versa. The
conventional repeater type hub y in turn ve one or nore, agents 130
St tached o it HgHred R ReTaEa o gl oih bosi 5 B PR T GBI
ref ati onghi Bne B dERIvdniBh. BE 100Hodddt bisplie 0¥ MabilelhodidoriRlier
et Cl.e., t y

transact’ions en the host and an 20 agen agent on

responds t o 1neqedi s chugled tdruthbX) whidh in@vern daupledas egem 1B6akwact i on. Hub
120 has store-and-forward buffers (not shown) that allow hub 120 to

t enpor awi | y centgelierdéGhas #bassrriated dewee 8rverddei tha exequen tosysteeb % ol | er 110

and destined. for.agent 130, .and tg te i | e i mat i on
recei ved f r%l’ﬁaglé’éﬁt%%ﬁﬂ&salr?&m est ﬁrea%” %ﬁﬁaﬁ{)@? ggltsﬁl&?r’oﬁp P@?egl%gaofgggshce
agent 130 aRghdaQnipispadvices) Randekf) 260 70Y4atiEdnd rilce dirdd @thdr déicasrates, it
is desirable to enhance the effective throughput on the bus by providing a
pr ot ocol 2% hé&ysteoul @ cenlindudosny digalsystemrcapalije pbdiggahcammueieatrami cat e at

its higher data.rﬁte and (2) not, have to wait for restgorgses nom agent 130
bef ore engaGPPRFE [aREP AAPPHICER SR QPoIPOBHIES DL SF-18P PPXS: pr esent

invention ald,ons; hash sftithd, Ahl $hmd hfichhel 2€8Bnsequently, this invention can be
practiced with a variety of digital devices using digital communication.
Two arrows 101a and 101b are drawn in Figure 1a to provide a frame of
30 reference as to the direction of communication among the host, hub and agent. The

direction from the agent to the hub and on to the host is referred to as the upstream
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30 advantage of the store-and-forward characteristic of hu 2 | ow
the host controller 110 to conmunicate at its higher data &abe?ﬁa&&ﬁﬂ&b
engage in another -6 2 ~ JAN 2@~ transaction instead of waiting for a -
response f 330m b ORSEr] I, r ot of the
present i n\ggﬁ%t?%??gjpso prg{l/)l' gre%qﬁ%bdst%g%stﬁgﬂ%gt}g |ea%]!ﬂl [ 8yo(}‘ttgctgér ansacti ons
performed hginterferadito ab therdotvndPeanndiréution b2 dowAstddani @ud). | y, the host
control l er and/or hub of the present invention allowincreased 5 effective
t hroughput on t FestrpatraHer dipvsy i GelacHisatenerpmpeispionsi of drsasactions agent s (not
shown) tha i t he host tarate.and that are att d to hub
120 or ot hé?&%gggg “é?é“ﬁ?@é 936&1 ‘f”lh‘h%?\ffé? ada albciagglé%ecfgﬁggﬁm%ﬁﬁ‘a@g thod in
accor darsceby\/;prd@egsmg)smcw@@fh@&n{a%n@emﬂéalf&aégeﬁgm idd QRe@dfHmbavi ng a
lower (or different) data I 10 rate, than the data rate of a host

cont r ol | er packiets farfeansnssyoral seonitralier bl 0di Hése cemtrolfar di O seddstdagntotdnd host

controller. Process_. 150 can. he used, t ffect a variety of information
transfers FéFV@%ﬁatﬁggP‘ st }% fals Vlifﬁ’}géﬁg- gﬁéﬂ‘il%@mfp%m@%ét of

under st andj I | i i to a
bul k out t!rﬁg%g é??%\ﬁgé%rr%ééggggé%a Fﬁ?%ﬁ%g{ri\legggau%gé vﬁ%ﬁ%’[ﬁ@?n ormati on

transfers (fpstdscrad)e Whibs @iln ondageanis showa dbupled esihub 12015f SHoulktba | S
transferred fromhost_controller 110 to agent 130 via hub 120. The bul k out

transf dP i apnaesnt thabaddiionad pagpty GobshosyA)6an he attacked te hab 129 entd wheras an

asynchr ono t t ver. 1t should not be concluded fromthis
definitio nh{?[ﬁzﬁ) &rz}%ahljlﬁlbggen%%&ﬁ?g.ep ANax %?mﬂlélgﬁza_f?eﬁél%?ﬁ%ﬁ rldﬁ‘ﬁdﬁtg oT20 At
step 152 i fhePEaRQE6 b0 Farthbdidre Sillild agdehBIBAS sh@in icuped tOhBtho, The start
split transaction comunicates downstream infornation from host controller

110 to hubmpapbe cmpied ofhubhi@0dbvmgh ridasstioné conmentomatmpeatai typt d@db tieat hub 120
is tenporari lX buffered iin hub 120. The buffers in Futg 120 | argel.y behave
in a firstoRHAE Fidhe IRt fotn By Rugntional fepsaterdupe hutheapepts signalstier det ai |
bel ow. 150 ' ' [ ' red, hub 120
perforrlrg 2& ﬁﬁg?sgdgr{eﬁﬁst‘ﬁ%?rg{rl\%glc}% |0§2W(}%E{IE§E%&I\AE§)R§M% g%e{rr\%d?gtﬂegased on sone
of the bufdeewestictalwmptateaypé mfitomanin @ hikeomesdrahbreagkn®ilng aghcteito

hub- agent transacti on need not be described herein because one of ordinary
skill in tfhe art woul d recognize that this is an application or

i npl ement ati on ] [ k [e mn sibilities. The 30

hub- agent translg(g{ti%g%tr%% I\rﬁ\gsﬁ?é%}lﬁlﬁ%g ‘feeaa%a%(tﬁg gﬁﬁﬁﬁl%tf'no%&pn‘@h‘ﬁﬁf fered in
hub 120. Seemsithdtehelidseinifidies GPNAEY hiE aMai HmOAINE BBtwedn RhK h¥ GHd 2Rt Step
156 a conplete split _7 2 ~J (SAN 2Q4 transaction is performed. The

conpl eR@ sjgent ies thesigent anly tespenshite saqussth fofrethechosplsttmesien initiatesrmt i on from
hub 120 to host. ller 110. T | At imnpg of th | et it
T 20 Sathig OB o bR o ot bt B ueBeh 46, 71
the art "‘QHthnv\gcﬁ'ﬁﬁg'@'t@r@ dobabirdal ﬁxférﬁaﬁ@g??&weﬁaf%rgr}ﬁ% cerula%'ngg?mﬁ}d on

detail 5 for ich’there are many possi Ities. enefit e split

transact i atespuaitfocadent $3@,hatl té temppoaily cnt npdtteam hiSnisionetdidddfrom '
comuni cation (start-split transacti onihvvi th agent 130 , engage in another

function, #enehy7gd deringddphiast eaitalist b8 on with another agent (low data
rate opghigh da%i.g?é’ s PP cotlBRerd Prb cRGuh SR S int QS Ut sl, ete the

comunication t
1t 1s desirable to enhance the effective throughput on the bus by providing a protocol

that would allow host controller 110 to both (I) communicate at its higher data rate

and (2) not have to wait for responses from agent 130 before engaging in another

transaction. The protocol of the present invention allows host controlier 110 to take
30 advantage of the store-and-forward characteristic of hub 120 to allow the host

controller 110 to communicate at its higher data rate and to engage in another
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10 was initiated earlier with the |low data rate agent. By c Irﬁmni cating
using split-transactions, controller 110 comuni cates at hiﬁ dANaZ&{}ét es

wi t hout speed-shifting and does not sit idle while waiting for hub 120 to
eonmmuni cate -wi th agent 130. The time that would have been spent being idle
can be usedransactionmatdadaf evaringtfonmtsspense dponagent A3Qnf araspensatis ve enbodi ment
i n accordance .wi,th, 15 the present invention, controller | 10 y engage in
Speed. ahi 1 TR e ool BEAR P BRI PR epR s eSAsder i on

comuni cat il o MG GAGRISmANRS LA LogtBlibt 1| RIS LRI ete Spi it
transactions (split transactions) described above nmay be used to inpl enent
a vari ety ofddii@ndfecthethpgesnirallay and/oehb of thaprdsegt theentioardivw inatised dat a
bet ween controller | 10 and agent 130.. I n an 20 enbodi nent of this

i nventi on fedigetve thrpuebputpibe duspndinrayide dicreasefl EesPISIVEREsSde AEFEHINOb Y| Kk
out/in, co | I |- i parent to
one of ord :ghé%) @E{ 4(111@1'11}1]1'11?:% g Egtﬁ? h?%éit% %ﬁﬁ%%gl g iliﬁaluta}%% d Qgg‘%g)eﬁ%f %hol%s

i nvention igagdrtdes ot her enbodinents with fewer, nore or different transfer
types. Each of the transfer types provides different | evels of robustness,
reliability) sydtgmentlyBlustones aprpaeshl 6% shewing aopethed imzcconlanes witht ect i on

o o0 DS G e DB I A0S 0,

out/in iy ovhdesah MRt ARM YT RBORLEALA THAR Ry kO MaeoNtRkgr 110 to
agent 130 or 1n the opposite direction. Control ouvin also provides
asynchr onopsotdeti ahdrr tha dbscofitraiar.c Bricess! 156rcah b used ageffect 4 3Aney of n t he

opposite direction, but the 30 data is typically control inforpation used
to control I%fﬁém‘%}ﬁ%’r'é%f}s%“ﬁs B?W@?rbbféhfogﬁ@él.eg?,losn agsat 419-VE9r §a5¢ @lgent 130 or

system 100 . vy : 1 qdi -?p_% ~ Jai 200 5
from cont rg P?%ﬁéqlggﬁjé%%einsﬁq%%m%% g%cﬁggcgﬁpﬁgéfl e ?{dtsag?frgﬁl.k ull t he
transfer i grafgfer SHoORSET plocesaslicah beuseibRithather infoa@aion thahsfss embodi nent
in accordance with this invention. |Isochronous transfer provides a data

t ransf ek odetcribgd hyrept balove hiabatk eyt ieanpler dpteas rapsbersrddfrery bost an enmbodi nent

of the present .in i on tra r ccyr_at. any. t.i durj.ng the
et er ganrollsf 1810 By LT e B0 TRE" THE BulkliraRlsh R shindPacerlind | "o
repeat thed sRBsbSdimehofhisahi@kiBAkE %€ aBHBRINIBN tradPerdG SO HaRESr W L N t he
present invention, the isochronous transfer may provide for repeat

t ransf er s. shitdd gpf ba canchdsdérvinghs defipitiomchatcdmydubiuandor aft tphsfeeseedependi ng
on the 10 |[S 20 25 30 35 transfer type being inplenmented. Each of the split
transactio §%ﬁ¥i’é’\9 Sup to three phases: token, data, and handshake.
Howeverag dependig)gedm o phdcalstsdra 254 S9tiRELER4TRY r i ons may
have fewer phases.teﬁ)n an 8%%%% mrﬁ%%ﬁe presueraﬁtspﬁgégﬁ%c?bﬁ?égu and

control caspliseansiionanmnpinkues downe@aedm offofrhstion fremiret conerolipt 1 10 to
transactions. The phases for each of the transfer types described above are
shown in TaBbd24., Sewrehihemlosnstiean grfommatiog communicated tphul k0 Babl e
indicates that the . .sphit,.tr ti for the tr fer e has the phase

| ndi oat od gteofar g ifttered inhAB 106 rRebuifers g fiyb 1207ar by o¥RfsdR e a thi s

embodi ment firhanifRkest AAFC)h nb) A6@ BretfeScriIah M &iré et RPSdow! Sbhg transfer
types, in alternative enbodi nents the token and data phases may be

conbi netf. timesditen khit dovmsprpam enformedtion is hutietedy et 12@pefdrodiatetagent ansf er
types may have f.ewer, re, Qr eve i fferent phases, t han those shown in
Tabte 1 i tabtetiob g ey Shaeene L based o oufhat o BrigHS dppBSEHR
invention. jJeansfdl Thedela ¥ EmbbRl hhe Bl tnSRoh Heed Rod BY &iskitRfa Qut

Interruptlin I'sochronous Qu
herein because one of ordinary skill in the art would recognize that this is an

application or implementation detail for which there are many possibilities. The
30 hub-agent transaction may result in upstream information being buffered in hub 120.

Some time after the downstream information is buffered, at step 156 a complete split

-



| sochrohous In Table 1 Start-Split Transaction Token Data
Conpl ete-Split Transaction Token Data Handshake ' :
Figure Icillustrates in greater detail a process 160 showing a start split ™
-9 2 0 JAN 2004 transaction, for a bul ut transfer i.n accordapce with an
embodi ment SRR PR ThEmPles et St RN ET BRIRhg hub

i denti fi cathapearM @6/l FrorP BEN Y 2@ RFLKRDERRIONEr | HENEH r'ePa?ier? ﬁﬁaifzggpr mat i on,
transfer type, indicator for specifying direction of transfer n or out),
and dat a 'r alieecaned eteisplit@dnsanionsncsd mbt e devchiosit hebein batausd bes oflckBinkey hub 120.
Hub identi fL,cfati on inf o[ tion, and agent and endpoint identification

i nf or mat i ofkillAAdNGRT JOB|doRcageze Bghids a6 aRRsANON peimpleraentaipmdstal as

transactd o ress i r 4.9n: .. The agent identification informtion
i denti fisles@?rta;‘gﬁjiﬁg?ltﬁlirggﬁear ggdegrgl%lb\g\nﬂ%eﬁ' whi ch the host is attenpting to

conmmuni cate. The\ bawhio oftheisgBrardsaetiin 1Bt0col i@ KRRt AMBws ¢8hirbiidras0 o
particular portion in the agent with which the 10 host is attenpting to
comuni cat &NitiEg gAPnERIGion (dpdisplistransadticne withegentsi3@aleapgagerid anpthht speaker
of a speaker hub, or sgeaker and m'croggone.tgf t&lﬁé{)honﬁ hadgdset. The
Lransfor t ISR SHsEReIRtRD FoBmIPERohE P Ao RASOhUPY BRI (od t o
the types [ i 194, i i sach

contr ol )y D Gekbf AREG aDp 154 rounly At ) BFRhahe cOARRRIANGE R | g
fromtH® spiasititisted eatiepwitbfthd lomsddd rdtaugnit | Bn coatumidating usident i fi cati on

specifies the data rate wth which the hub- argn(iant transaction described in
connect i onSHitiFANSREOESCopBpllerd Psommynigates i gl datairatgsovithgit ebodi ment i n

whi ch t he - i - rforrn i dance w th t.he USB .
Standard, edoREibs bAEAR oL OF iiE AREALAEE, BB SR AR RU ol CCpeea)
or 1.5 Mo/ sgenk 096 sPRetne tihit vedub® hhbdbeed sgaitdeaGhieicah Se 966 tof r om host
controller 110 to 20 hub 120. At step 166, a first acknow edgenent is

recei ved byomasnicgigivitihnasher egent lppnislibroatieos etbodimentiat ascordekaetwitins

decoded .pr gper| y _hub 120. e.first acknaow edge t indi cates whet her
the_data’ vilE RiEeBtEHRapErIP R |1 OBY S5EEe B Hetinus wHoh a0 b
tried |atewh(leefgagidp i spEQirRddchion boihRafoPReth Watker 'ﬂgéntébl e to accept the
data). 25 Figure I'd 1llustrates in greater detail a process 170 showi ng a
conpl ete split Thassacpliomditbe campletkspdittrahsaatisdsafsplitrtraseaiosgnce with an

enbodi nent | of E‘?‘Jeéﬁ nvention. At step 172, a second _token packet including
transacti ofs5H RNy HediSRALe BRplpwenthyanstpad vansiesdepese g meadmrb. At
step 174, . i i ntroller 110 from
b 120, G oh e R Gk b Rlef o B AL ISP B Ple

handshake tmbedimehi efithisdaednvied fbyr tudfel 2ehek (OMrAGRM redudSksYateidefinddre
hub- agent transaction descri bed above in connection wth -10 ~ 0 JAN 204
Fi gure | b bulkenyin, gemtedoat/im stemupy, sochrgneys. dbshoplt bhapmarémtoommef on based

hub. agent ooy sl AR BRC @R b sbRh AR Sedrk S b sz et & ™S
i nf or mat | ogmbalineHsSRAIeN Shofer dBSBA: HARFPEARET EYcl 6@k HaHsAlRedUr i ng

the hub-agent transaction
provides different levels of robustness, reliability, synchronization, asynchronous

25 operation, error detection and correction of the communication flow, and other
characteristics that should be apparent to one of ordinary skill in the art. For
example, bulk out/in provides large asynchronous data transfers from controller 110
to agent 130 or in the opposite direction. Control out/in also provides asynchronous
data transfer from controller 110 to agent 130 or in the opposite direction, but the

30 data is typically control information used to control the operation of elements (e.g.. a

tape dnve) in agent 130 or system 100. Interrupt provides a periodic data transfer
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5 (ACK), (2) agent 130 indicated that it is not able to op t I-Iy
(STALL), or (3) agent 130 indicated that it wanted to be t?zgdmigm(NAK).

While the first and second acknow edgenents and t he handshake i nformation

have been ¢escribed a eci fyi certain indjcators, it shquld be apparent
Lo one of o sraipilen 10 agert 0 it e P B Rt o R gRNBR A
handshakes 1NESntRIMBS 1 HESGY | ; j - 5

i ndi cati on%@%& I ’tl&f)nnal ly,. ac&%g@w%gélggfﬁg%??@%ﬁéﬁ%@%ﬁ@gg&d‘?wg?%nt from
or addi t i oftakentien. t Beclonesusdessfer prdideehean tmyfebencdded; prad@andhdéder nat i ve
enbodi nent w thout departing fromthe spirit and scope of the invention.
Wi | e the HBGVBLEREdCACHRITNE 1hA8 ebadingnt of the prespnldBesntion, tha tepdercont ext  of

agent 130 and - j i a r data rate than.the data rate
15 bet enn}?gl?r&?'%oﬁég&?ﬁos#;@g%égﬁfﬁtﬂﬁb%ﬁhﬁé é ilﬁrfozau?cﬁsstﬁﬂe art will
appr eci at e chhtadiler 160 WiB S8 tepedt R HrArRfor MRY arlDSidphARicaddifer il dge a | over
data rate to a higher data rate instead, or even equal data rates but

di fferent peawrdmoe svithvihe peesent tivegtins, the sathronmes thanbfenasy phovide fon bet ween

t he agent and the Post there can be nultiple hubs between any particul ar
agent and FHREAHEASI®®Mi | e only six 20 transfer types have been descri bed,
those skilled i : i r:eqi n%ad?] used

wi t hout departi 251%? ?gﬁt]?%nﬁé&?g%g%%ﬁ&g%%fﬁfﬁ%rot?hngsrelsEﬁt} n. tEgch of

fi gur ed02atraddfer Jac baing idalendinted SEaclobf théaplitiansda@iods ffayibal-ti6p tthes a state
machi ne diagram for performng a transfer using._a host controller and a hub
i n accor daRBaeg;tpken; JaR, ?9%‘?8?1@#?- AiQJeves dgpending,or tre teagsfar eing i x show t he
state 25 i i : lLer: th e chine may be
pert or mod Do it (386 8o BREhaERk LBl 1h AR BLBMBIRERNES, Y i e
| a. Fi gur epresertlindention, Bk and dritiol cahaw thdgansd pliBedMGALISS Geggr am for a
hub; the state machine may_ be q_erformed on hub 120 descri bed above in
connect i onrespedtiveisglit Bansactiopse The ghesesrtnrieaciest the tassfentypes descrittedse fi gures

show pr.qcesses havi n t.i teps. It shoul,d,30 b arent that sone of
t he stel_gs ﬁﬁv%aéeﬁé%‘?%?b%?bagi’%%?ﬁ ﬁ[Fﬁ%‘}c&?EaE_t _é“%f’glkgﬁﬁleﬁaz)&ei nto fewer
steps Wi t houficAQnahdt thB9plittRMkidhen $GARE rdfTersDpE hds BE phdreSnditatdd at Be 0+ ~a~
zoos invention. The state machines are not déscribed in great detaill
because t h&poftpe calimoninsitoch thelvell aqmpdos e W hitedndhis eofbodimtknnereytoksdsi drdd i n t he

art. For egse of understanding, .the processes perforned by the state
machi nes aaéta %&%?qpﬂgéet"égé‘?hd{}ébgu T AEPEShE ltepabive eabpdinresismed by t he

- state nachi ' b, St se
execut | on GasrgEaPl bR ERF B volnbisty, 1AREMIYepEEEnt 1 i aRERAD
process, ehdodests phistir tofestoley Iuvetesaemons, or vinadifferyeshdse thaci | i tate
understandi ng. Figures 2a & 26 illustrate state machine diagrans for a host
control | er thasg showmin Talds d exithonk fgparting from thaspoae endispifivef the peesemr dance

with this i.nvention,
1INIVENTion.

25 Table 1
‘ Start-Split Transaction Complete-Split Transaction
Transfer Type  Token  Data Handshake Token  Data  Handshake
Bulk-Control Out | X X X X X
Bulk-Control In X X X X X
30 Interrupt Out X X X X
Interrupt In X X X
Isochronous Out | X X
Isochronous In X X X
35 Figure 1c illustrates in greater detail a process 160 showing a start split

0.



10 specifically a split out bulk/control transfer. Process [ M cess
260 show the state machine for a host controller and a hub, respecttVely.
Process 200 includes start split transaction, having a token phase (XOUT)

and a data ( DAT whi ch be repeated up to .three _tines by the
host controﬁ@ga%&/&g#@%%ﬁ%ﬁ%@g%&aﬁpf C¢ y&h spcmbodgpent of thigis act i on
attenpt bet ypestibhe Ahosh 16246104 SickakitdiBy Hﬁ?ideﬁﬁﬁwidﬁﬁfb‘?ﬁﬁﬁoﬁ o the
start split transaction, process 260 w |l efther propagate through states
that will aegeptandicadprasad¢nidicption efpardionpransfosype anticand for spetfyincal ter a
communi catiagn failure OI. gighUb ag&scimke to the host controller (ACK, don't
accept dataj,- { ogf ha§pace to ho

d )%“eFTé Jfangien §aor oy 33 rafeideniifgcagion s seat froor hasp hol d

the startg tr i i ty : -or timgeeut up to.three,ti.nes.
Process 200 Cg oé‘v\lgértlgg tﬁgétl?ﬁ%% Iggﬁ ér%lﬁ%aruogensl%ons%mf’gng aggihand eadraint ¢
transact i on idesitiRicatdreinfdrhatibn amsiatifebféh 48 toREEr ChARUAD AREH&0BHer

successful [y processed (Advance), resulted in a NAK fromthe agent (NAK),
recei ved an ti2ReAcEan pedressing informatiganTheagent stentifitationdnformetiomidentfieml | y
(STALL), wa : C l ef ed. t he hub or agent (NYET), or the XI N or
its responszheﬂﬁ%%lgsr{eag%gpm‘gﬁ&?@é‘?{%‘ﬁﬁ?%ﬁ LRI P eommuncats, the eircHiee
timeouts 25 ihgiReRo ReorAGbn fmtifed 4 SLrtiangd: : ith Whi

conplete split transaction, r;l)rocelsis 260 [vvi I Imef?? kel?thle%glaggﬁ%%vﬁghqﬁ%e

t r ansactliCon hpsttisedempting fobomamehicdie Bxpemtlehaendpbints intinbdedef: MyEaker o4d Wi | |

provi de an indicatjon éACK, Nﬁg} STALL) of what transpired during the
t ransact i on 58} YREBKE N @ SRedken PP, 1R ePeakeiand micgphese ghitekerbane handsetr at e st at e

machi ne di agiansf@f ¢ al | b, respectiy ,
perform ng anot her trygﬁ??g‘% ﬁﬁglgg?%ﬁ%ﬁmﬁ{%%gy% %‘szﬁ?ﬁg@nt?%%‘é@ﬁi cally
a split out destribed bptirt (candfutk ouPimerss, idQRreils oAESHSHAGAn ShOWE t he - 12
~ ~ JAN 2004 state pmachine for a host controller and a hub, respectively.

Process 300°HKE fRge Snewa fipthe agigvithout depsstang from, the springndisdopk efittphase  ( XOUT)

and a dat.a el .S not..repeated by the hqgs ontroller

bécausqucc%ﬁ%&?lgléﬁz%ﬁﬁ%ﬁfﬁhﬁ%ﬁ n ?ﬂ’?@’ﬁleﬁﬁlfr y t%m t"fhéay&'@ﬁ‘“ AZERte

sensitive agdn#Raenh Bekcribed neRRat&mbnivit brobsss8b aﬁb’@é:@ﬁﬁlf;éjéeggorﬂféflt R 1 rst
W

try. In response to the start split transaction, process | “elt her
accept the daembpdmient rowhith thwbih-agent Puceetsen 3 @erfshnubint dteotdasde wrEponse

to a conpl et,e it transaction, (XLN). when the transacti on between the hub
and agent ngﬁ@g%égﬂgg?f r?%}a WBP@"&‘E‘EQ@;&WQWE%@Y pithesily db/a kfullnspieedX aron t hat
t he agent S ¥ f i 0 . nQ et..canpl et ed
by tha hub o s (F84 Spt ) b 384 MUREAQketi Sl rhom 185 Aol 535

conmmuni @4t i bub fla0| At steprido raefinst sddowheddemen i§ RiceRrell bymst ®nbBlIYeer t he host
controller and E%g. In response to the conplete split transaction, process
360 wil | ei {18 hyth 3G i the duapackes was decoded popebatbydan 128e Thelfirsind t he agent
has not finij - Wl .provi,de, an i ndi cation (ACK, K, STALL,
ey of | wnageerscieimbhe Ao, w R Bl BieRed RSeh it i beb TROS" and ¢ he
agent . Fi guigsiidahdy 450 Waht$3 baireddhet @ JTRY MR lsiddafan%ﬁﬁfeisoinfd%mﬁ&
controller and a hub, respectively, perform ng another transter in

accor dance @pleHoredest theleta).i on, specifically a split out isochronous

transfer,. Process..400 .and process 460 shows the state nachine for a host
control 1% and ai‘r\%Hf," I%e‘ngtaﬁ?S\}&g}‘?at‘?ﬁrdG@é‘&P@wsilﬁ{e|Shfer§§1gaﬂ ampetgsplispl i t

{r ansact | onealiBgIR pRHEBuRAAS fr (XU A0M B dRLALRAS & PR Er of whi ch

is repeated. Process 400 does not include a conplete sp hsact i on

accordi ng t mvantienbAdstep 2, BReceRbBkdbihcked iQvadidardiviton aaaRRlink " ansact i on
data to be subdivided into nultiple sections to mnimze buffering required

in the hub; MIREDHIES setion) therhosiin theshiuh. tAvestep k74, 9setommh of data j ust

bef th to send. 25 it to th | i h split
otart transadmofiEfRndl BIALR B ndCodglBIRETT by B ibe hasecorfe. hub
can det eot m@mvae@gemmmﬁaaﬂhen(ﬂ)aﬁdlwe%ahaﬁlaﬁé%ﬁsﬁnéﬁont@cag&} ilifﬁn% Y5pa data

section in the correct sequence. In response to the starl sp
transact i onfrogr agess B3 Ué@ing the hab-egeniltmbsction dtstribay bbb inavhidgioA/vidat a
section (ALL), two data sections (BEG N, END), or three or nore data
sections 30 (BEG N, M>DDLE...M DDLE, END).
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Figures Sa & Sb illustrate state machine diagrans for & host controller and
a -13 ~ JAN 2~~~r hub, respectively, performng another tf P
accordance with this invention, specifically a split in bul- /cont ro
transfer. Process 500 and process 560 shows the state machine for a host
control | er ERighra lhwln;(z)rieéipm:ettliawhhbrl?.@dmm ya(}&v'e efbtidetionsiaaed o el t
transacti on, havi ngraa token hase ich is repeated up to three 5

times by thBullagemt HERacHen tor W‘Péﬂ t‘t b%ﬁ%@lt?éé@r? (R18+ tedrubragssact i on
L BTPL S e AR AT 02 e S0 ERhDIELeaR " hd MRtk i ALEIAOARRALE 11 St

split transa Ion roce &F " BCRToW ge and

transacti onwhé®Ks E]@@gﬁﬂﬂSﬁgfdp)eﬂ%t@‘éﬁ@ﬂdaiacuu&lmgftﬁé htﬂﬂagén@trhﬁ{acﬁ&i ry after a
comuni cation failure of a hub handshake to the host controller (ACK,

i gnore xact JACKy, (Pregrat i3Gindivated haptttrio nbieable t eneraiaeotmally (ﬁTAIdc)koof space

to hoIdthe tart ran action info n. ocC 0 ost
control | er ?58‘?{ J30¢ laatﬁ%ﬁﬁ&t é"ga?t’ W%ﬁé@éﬁﬁ%‘@ m&# t3dnsact i on
bet ween t he éueshdaaéma@@dg% ‘é@t%aﬁ&l%%ﬁﬁéﬂaw B6RE cei Ved an
i ndi cation tshat t he endpolrnnt is unable to %unctfig}?ﬁqﬁdgﬁlﬁg%ﬁ@&?ﬂp{%

not yet con’p;beetfenhgtpy:rtmhenchmotom slyerid b¢ ApMfiERInt to gmoﬁ&ddaryaskxﬁmetheeﬁlt f r om
the hub bec s 15 it fﬁécorrupt ed, or. the XIN or its response_had sone
comruni cat i 5§ ArkBowlrdseaetis ?-réjdhqnﬁsllf‘&q 804 piherones desrstbed hetaie®ayt he host

control l;@r S |on process
560 wil II%er ‘tael% I'n Irlécrgrtl(ﬁehe':tﬁﬁs(PlE & gﬁpbgalﬁégglﬁugﬁg ?Ip\/\(rl’el(lg‘stn r[c{]l?anﬁglb &hd t he agent
has not fi ndﬁ‘fwﬁtfﬂ&}dﬁa})ad@lﬁlc}mlﬂotﬁﬁ Onvds dies el Mdietinina@be(aiMNd insALL) of what
transpired during the transacti on between the hub and the 20 endpoint, or
send t he datlierpessombedimentvimeuidppattingyfram shehgpirit and ssephobthe dovention | er .
Figures 6a & 6b e state .machi ne di.aqrans for controller and
a hub, respecti vwki}}ést%%a Over%eﬁcélpgﬂlog’ﬁsegentefaa &P Preel t&@é‘t g’a?rf@@ HPh this
invention, saeehfosal hob BoSdidurifatin gtaeﬁriw&r éa’t@ﬁ%é fifan (Y @588 600 and
process 660 shows the state machine tor a host controller and a hub,

r espect ilvel SthI@cIohlds £2(6006! hasttantreHerm! Y, drase 2Killeglin thetartawd bayipremate ftavi ng a

t oken phase %1 | n reiﬁa se to.the 6 rt plit transaction, process 660
will acceptt rPéeSF Lingeption ey beuragiced & byds E’E@ééia@(fétestﬁé\ﬁéghqﬁéaﬁost
response tora@eﬁt@%%%%vépéde ?Jt?fﬁ@s%gfﬁ'&é“}% 91@ the transaction between
t he hub and agent was succ y processecf vance), received an

i ndication that Wisleandminetl drdy ond hidtbives $hovinindierosenhe Apédtind BBAlds) ., was
not yet 30 conpleted by the hub or agent (NYET), received a NAK fromthe
agent (NAK)th erf‘etarnubegﬂltléw@rhubhh%té’eﬁlr awaatlrtééeagﬁeaamctth&rhoafgewl@ enlyyiof t he

previ ougt r ﬁ%?s?&ttglgél haqré1 beenzdePcr%Ahl 1%993 ktll cﬂ{tﬁﬁe ﬁlglvgggarg&egg ?%‘hhothf’t he XIN

or its response h OmmunI cation Tairure a o three
timeouts befypeecidte ttseatmﬁtoﬁttde?hﬂt@g fﬂ:ln\/ﬁﬁ:déa @@r@wﬂt&@&ﬁsﬂﬁvaﬂtfoh the agent .
In response to the conplete split transacti on process 660 will indicate
that a timeout oEé@JWf cgumezra,t2he3aaab 40adbcoamihnba Sbi gl ltlustm:eea agent
(NYET), or the hu ed.the start transaction for this request
and had no ESTrern& er%aémqu,gffbtr FrO1? 5t pogtrol Ifr’é‘t}fiae‘u

i ndi cati on Q&%ﬁlmg&hh)th@fm‘)éﬂﬁon tFl%ﬂ?&'vUrﬂgatquz{“' zﬁgt &dtfix Ghw §ta gn bet ween
the hub and the agent, or send the data to the host control Fi gures 7a
& 7b il [2dst matkne ﬂmgannﬁ:(rtarhmet adnaglenthefstate andehisic mMoNbeE pérﬁﬁtneaﬁtﬁi hayst

controiler 110 described above in connection with Figure 1a. Figures with a "b" as

a suffix show the state machine diagram for a hub; the state machine may be

performed on hub 120 described above in connection with Figure 1a. The state

machines illustrated in these figures show processes having multiple steps. It should

30 be apparent that some of the steps may be divided into more numerous steps or

combined into fewer steps without departing from the scope and spirit of this
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10 hub, respectively, perform ng another transfer in accordgrﬂ:gfw g@
i nvention, specifically a split in isochronous transfer. Process 7
process 760 shows the state machine for a host controller and a hub,

respectively. Process 700 includes a start split transaction, having a
t oken phas@vem(ﬁ‘elsﬁt?%ﬁtﬂﬁ%ﬁﬁ&of figscabed in seatdetafl bepause theyn, process 760

i || i : 0 | 'S the h
W accep%pérgt‘?o& %@?@% %;ﬁjl%{e(n??&&?é oﬁ%ﬁﬁ%%ﬁyﬁ@ﬁ?mﬁg I%I.Ztt %8§ F&’s‘é’%f the host

response to a conp ransacti o ransaction between
the hub andndgenidingsthe paeess peiiyrnpddgans Sdteansthalds atdiotdRiciveas been
returned (TAadvanc% or there Is nore data to return (DAadvance) or an
error occusenatitgly econee thepsedesses @etfomeeddnnihg siatamaendsaiferateingendasen t he

host and hub (tijreout or bad cyclic redundancy check) or the.agent (NAK) or
2 hub pPoblidmaFd Rrdthe g aes SORRERTECH SRR e COTHEe CORITIAY spl |
transacti Oﬁegs]%e oftfeP pRRssh Ghe %éch‘igﬁ&%%%%réé@stesQ?éiﬂté’rl%ﬁ@é&%@d from the
agent had a bad cyclic redundancy check (NAK) or the agent didn't respond

(NYET) or faedithtelmndemdtandingnf or mati on about this conplete-split, or send the

data to the host_controller,gther indicating all the data has been
returned (DATAOFi@resdnd: dhillpstrate datp maching dirggars {arpApal congreller ands ysef ul

at this poj t_-_lggifr' i_pt i f ve pr.ot ocol before
descri bi ngh%er&%eenm '’ geﬂg)g{ﬁ%%adﬁ%%géﬁgﬁ ?rg%%ﬁ(g sc‘gg'?th?‘ﬁfeg Hf)‘? 248t i nventi on.
The prgpocglectRally akptt al®ut/addteMrans o HroE&8 200 |ah@Frdc@sstZ6@@§6@rthéiat ato
or receive data froman agent via a hub. The protocol allows the host

cont r ol | er stets meapfasefor g hastrdontpllerandsdubi taspeativalt  Broicess 200anadaddsi on) in
whi-ch a transfer. request is.co ni cat ed t he hub, After e host
control | ers%‘zysglgtrtﬁ@%f‘ﬂéonf }x?\g{ug %@%ﬁ%@pﬁ?@a 8??@88%5?&?% nt er medi at €
transact i ORpLWhihay BerepaiRd IpR BireSRALIEY HAURVEIRUEr WRE iRGodi@bcddie -1 S
JAI 204A hub and "agent to performthe transfer request (1.e., engage in the
t ransf er ofluriteg the pbases of admmidvaongaanpt befweer thie dosm@dnatBertandnsaldt on may

i nclude _a transfer r&%uest for the agent, another agent on the same hub as

the agéft , Ingiesanss HehesGuhiplis frapsactign gregsss RO% Wilheitlsr propagaigihienghges in

the transf - f r perforns a
conpl ete S%Fﬁe?%a?gﬁlgggﬁp g%he(%gté%%g&?rgg%g}agﬁ f’%%?ﬁ‘?‘?)“egg%ﬁ %éér%esul t (e.g.,
data or hagsishakRaseniaifutos 4 b kgrishakedo thchdyubiniilel PRCKT ansi gaceper f or med

bet ween the hub and the agent. By allow ng the host control | er the capacity
to engage $aalarequaster kst rentwller eigyadusite fackiai spacedo dipldthe stantgransactione hub to

performthe .transf request (or third transaction i.th the agent, the
BT ect | ve TESTHPBAATG SbimgoSunp afitg Hats: Sreest 200 Phasbebite with thi s
i nventibgn afroMer fisPoskits 8 RbnpleE @,ﬁh%rangéaaanlmﬁfw%ﬂ &R YRk
speed-shifting or ich require the host controller to wait for the hub to
per f or m t heettveemtiedubvandrgedtevagaateskidilp peodensedi (Atdvaered medubed i & dhrsi er .
Wil e the g%ytﬁﬁpr ot gcal__defines the_sequence of transactions jnvolved in

d .
15 cormmuni agent ANAEotseiyep a8 inqigatign dhatithe agsnbpias pet 3Pleiedapeya t he
timng for r tyi r f i 1 i bei ng
sent to orn‘%‘@‘%é%é‘?ﬁ%m%ﬁ“@d’é%@%%@? \rlm%?l Ptr)n\%lLl %D?%ﬁ?glr ‘fde}rdsgé?l or agents
i s i npor t apt itdespiis € had eothe conipivtiddatiyn FARKE hed fRtRRed @ dptoIBRE tilRodts
received fromthe host controller on a periodic (e.g., isochronous or
i nt er r @pt ) besveers thediesberniEe!lerany huth Uniresponsoiet the cympletd split fdoiactiomal |y, 20
whil e the above ot.acel all.o host cont.roller t erform an
i nt er nedi aPré’cfsrsgﬁé a lﬁieth‘e’( 15'1‘11%?%%&?58? %rla'bﬁaghf’_ %8?’??8’81%??‘3_‘1} Wﬁb%%‘?“éns)
bet ween t hgassicfihnished n(m_m? of D811 pestREELindRlakibn ( ABRS RGA K 08T AL h§oRDOVE
prot ocol does not explicitly describe how transfer requests are stored in
t he hub anwhhtvanspieeddirirmgitic amgesactipp bboreen thatwslf aud thegpast s wi t hout

requiring the hg_st controllei to wait for the transfer request to be 25
performed bef or E1gdtghdn My Hlustrateiare maghinechiagrams fena hnst caeolies anda not

addr essgd . pt. nr n l.y. the.timng of
transf §§ rg%buter%&g g%ﬁﬂ%@%ﬁ%@edgggjﬁghﬁ {l;}grel?l,a%%%@%é%Wnlghrrghﬁ%mﬁlgrrl?%}’ mance) of
transfer r ﬁiﬂdﬁ&hﬂy R¥ph: fithnteAUE: @RalHFES PRsteby 300 8nd pobM3B0 sHESEHHePt | ONS  Of
met hods and apparatus in accordance with the present invention. The present
i nvention includes a nethod and apparatus 30 for scheduling transfers of
data to and from an agent and a net hodjand apparatus for processing
transfer requests at a hub. The nethod and apparatus for scheduling -16

this
'%and




'~ ~? JAS 200 transfers of data is described first and then th¢ qrihPli4and
apparatus for buffering and perform ng transfer requests is descri bed
second. Referring again to Figure 1, the process of scheduling transfers of

data first begins when system 102 perfor configuration for agents
attached tcitRaashaeder ¢ %Sfﬁog%lfeéﬁild eglﬁgf@weﬁw‘%ﬁ PEasess A00rnelpdss asy st em

initializatyj 5 : { C after
initiali zat%ﬁ?ﬁ[ltﬁgﬁg% tfgﬁhﬁlvﬁ%g%@kglgp g%%?g(r(ljs@?aéﬁ%‘e%ga sag %ﬂﬁlﬁgﬁgﬁr ansf er
type associwhieH ighdtiepsutcigdgnthe host cantreNeticitise bcoading gt ¢mBidindelarhamount

of data involved in the transfer. The manner in which agents having
associ at ed ipterfuptipet tranafes ictime sensetiveandingod hetdreoepeatardf itns petraupeessfat e

handl ed s 10,d ib first, bel t hen.th i. i ch t
navi ng. abeotl SERTSUE) novFRase L s enaP Lt rtsiestidn iskre SanavDiBrol “are -
handl ed is gdesghhbastaRRIK), BUdd REhibBe PREQEEFH Ghws M hdFapbiRR 1o gaCh

endpoi nt of each agent infornms the systemof the endpoint'sS associ ated
maxi mum dat @ogdyiecait samecteond XINamdier the yasadtndghefweenabé hunandsagent out |
interrupt, bulk, control). The nner in .and device by I S which each agent
i nforms t heWaystcesssidly prpges 3 Isyelv%@@newaww%ﬁhﬁhy AERMNSIAL t he art

and need no Il r i i LS the
| ar gest ano%jr%?%o@ﬁgg%dag?ﬂgp §ég?%r@2’f%%&ﬁ%ﬁ%@gﬁbg%%}@ (grmquf: 1§tent ail. The
system nel a@svYETDE of diedX Nyt Dackspirae hathorhB eorhmanihesn Flate Al leftfici oSt

controller. The manner in which the systemrelays the size and transfer
type to theuthoshreedimeasty katween the hpstxgntralierrand dobl. by respense totheor di nary

skill in the art. and need not be d ribed,here, T st control | er uses
The. af or enoRPHUHEAP LB Dbl PREeT o LS dicate el bR endpo nt
t o gener at epwbafBethub iagd tHeodgehi1ts POE Fiafhed &mﬂ §F WilPhrol iR aBNERSITNhS. I N
alternate enbodi nent, a software driver such as the host controller driver

or even a h@x@aNAKYISTAL, CANEY eofcwbatarankgirdiutigimg the sensactibrplestivesmthe he
schedul i gg llgel’g)erﬁt | ons 25 described bel ow. The budget list gives the
earliest ti € 38¥% ansf er (sending or receiving a data packet) may

occur as well astgtlllﬁegﬂ&S‘ib ;deg@at[:lgg‘hgltaagﬁ?h%ﬁs e%}ghggc%ﬁ&é&gﬁd ransfer

may be avail abl e. e earlirest tinme r r can occur depends on
t he anmount lafb, téspectiveke perfprobiyg aactherofrartshe ip acordanse tvithrthis ensensissum ng t hat
the previous transfers happened under the_best of circunstances (defined 30

bel ow). ThesPesifisally g sphit quiy arochropaus franskeys Beecgsed) Aandpracess 46 shawsithy be

~avai |l abl e depends i t ake eac f € previous
transfers S?%e “gafh%%ﬁﬁ\% E@ atls@h%g%%tat th e reec\%%gs %}{?Cgﬁss%eoggci‘fg%‘p ned
under the WaLsbplaitraasithoaERsnd sitiien pHadRXOVT RN 4 fifta phd¥e, fep@ui red for the

transfer under the worst circunstances. The earliest tinme that a transfer
can occur |whichporepaated.bBrogessetO0doehnetinclude a obipletospdid sransactiave t he

ransTer r eausst P LELE Bh oG, D Behcr L Rat, Lie coufl o5 soon as
request thefyi68Rided o multiple sections to minimize buffering required in the hub;
the host controller can send the next section of data just before the hub needs to send
‘25 it to the agent. In this case each split start transaction is marked with ALL, BEGIN,
MIDDLE or END so that the hub c¢an detect when a communication failure has
caused it to not receive a data section in the correct sequence. In response to the
start split transaction, process 460 will accumulate a data payload having one data
section {ALL), two data sections (BEGIN, END), or three or more data sections
30 (BEGIN, MIDDLE..MIDDLE, END).

Figures Sa & 5b illustrate state machine diagrams for a host controller and a
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its attention to the buffered transfer request. The | atest giMWgﬁg;p '
result associated with the transfer may be available is inportant bBecause
after the latest tine it is substantially certain that the result will be-
avai l abl e f0 [ | eV Lf. L st. controller were
fo try to iap [eabectialy. PRy Mo afiel BisBeortind iRl 8% inF O

nmeani ng t hapedifieaiiyes uplit ih BulR@oneylaidnaek EPyREss 5801288 pretfeld SdRIHowRRE OCOl
enploying nultiple retrievals would be required. Transfers happen under the
best of ci rstaterstaghinedonikast eerdioller amist bub, respedtively. tRrecasatDorinnlaties a payl oad

and there is suhstantially no bit-styffi ansfers ha n under the
wor st of ciS%?fglté%ﬁ%ﬁﬁ“é’&@ﬁoﬁﬁ?ﬁ%&g@ﬂi&l‘glé‘%h fsge!’r%%%&ﬁ%ﬁ &€ payl oad
and therge i | i bz f g -+ Bl ! : rding to an
oo et TS i, TRl donBbAKr il inichtododh! d MhedREMIAGERERATD L hoy

non- r et ur n-Heewear the hdiRLpnsoliprahd tig. hubc dotdbogetto tstathdditnmrictioh, t he
present invention, bit-stuffing may increase the size of the nmaxi num data
payl oad by Preogss ohf mall eithes ackneiydedgeend aceans thsgeansadtios dAEEa neespt ket t he

wor st 20 circungtan fi.ned in.ter f bit-stuffin it

shoul d_be. dBEATRNE ARa e SUoERy o wl et feiEatin 8 rBheidies can be
descri bed iH He&hdEE cOitralleh ACKNighOf 1aBB! orGefuesxPRO c_@ﬁh’&l%?'i‘@fgﬁ@ué @& size (or
time) of transfers, or generate delays. The generation of a budget list in

accor dahte lgdkt ¢f sphee forhwdktie staniteansaasonwiiormeatowm. Rrodess 500 Iskaivs tNeillost one way
of generatin budget list is described herej it should 25 be apparent

~ Chat 1 he. SRS ETE0NHE Ao S BFLER RS G NI Eh BB RS ERORor hor

possi bl & Wagycch BUHEFnd Aetht dvls fickdsshulford sl haVBRLcS, e .

transactions that can occur 1n a particular frame tenplate. Afrane is a

cont i nuous liydiomiur thange pedpodd iofndbiame fdedionadraallpSTADL), tvie ot et

specification t haj is sufficient to provide for gne or nore transactions.

In an enbodrmpitted By thejubior agem idVYE R ignoressiata recejued frem the hub bgepuse ame. A

differe ¢] j gt i 3 far ch frame.that a different
Sot o 8| GHERBublel on e KPUR i Bl Hag SHRE ERTiCABY e dgd 1] T
of a parti Gehatedid8p to tréd thAdbuZIEAwRET theRbsiabhitoN&R@alHiuBY 1A F&RBndeNat

provides for some naxi mum nunber of transactions, each transaction having
some maxi mike cemplespplibtansagtidn, presesdPOaviisitbomadivateitbat the tansactiact i ons of

sone actual, data payl,oad, while, a fr t desgri bes a popenti al
budget eduf rbgﬂﬁ‘?e“ég%ﬁu%%tgﬁ a%?@@%ﬁ@%s@gméﬁ “‘?}ﬁ @ég‘flaﬁé’ég‘“f‘?f’ftﬁlflnat i on

and an assofj L g t i
TR, ST AL POF I Sah i Mg e il iihnelim WPREEARE WY

descri bes i i
occurs -2hdendpdiet, lbe s¢éndahe datasdcaived Stom theagemt! iyetha tib wetherioetiortmiler.
transfers rather_than transactions are represented by the best case
i nformation and KigHEas 6a4% &bjilipgratsstate sachmerdiagrpms for 3 hasysentealtes and @i agr am

for a best S t in. a i t.h. £ he present
nvent i on. P o sauRy ERIrAE St HAGECHIR05 3N P U BHRRERY
endpoi nt, whedifcdliea dplid isinesmip apasler. E&dss bO@ aREFlocERBHO sBbRS thSdibre
represents the transfer associated with a second endpoi nt, where the

transfer hapishine fonabestichetrellesand adwb, respectivelpi Rrongsob@Linshigits Ss88t 5
represe simlar best, case 15 transf or_ ot her endpoi nts configured by
t he sysﬁamw%téa%?tﬁn’ paapea g Pﬁiﬁeﬁ@ﬁbﬁﬂﬁs@%@% lﬁﬁ’ﬁs(ﬂi‘ti n whi ch
each transfghsddfiohNsrokdsa B0 LEIMRLA GGME St F ' ces.
Figure 8b idl%l fjstroa{%g § di agram f ?thg mr%?”ggﬁ:c#tpgﬁgptpz%e%?g@ggﬁn
accor dance th¢ hdst réspopeas encompleespiromansBtiati>aB) wheprlesenisactidie transfer

associated with the first endpoint, where the transfer happens under the 20
wor st case.bepyesakhgbeb prgnssueyessucresstullyypessseds@sbviragadregpivad ehe second

dpoi nt , . .th Th i ni
bl otks. 865 B0k el e PRl Bln SRS WK ot (S FAE ) ¥Rt Sfpor nes
confi gused dashpidied by Bledtib or he&h NYET)EreBiREd @NAKfirﬂimm}fazg%eﬁiTﬁﬁAKﬁ si zes of

the bl ocks are only nmeant for purposes of illustration. e significance
of best cagetries tokenpbagsl ihdaa 886ivadds athagenoretty afthepfevans ttapsatimne 850 Wi | |
now be expl ained by exam ni ng bl ocks 805, 810, 855 and 860. Bl ocks 805 and
bl ocks 855 represent the best case and worst case transfer, respectively,
for the first endpoint. The earliest tHét the transfer for the first
endpoint can finish is Ta. The latest that the transfer for the first
endpoint can finish is Th. 30 The foregoi ng suggests that the transfer
associated with the second endpoint can begin as early as tinme Ta or begin
as late as tinme Tb. Bl ocks 810 -and 860 represent




-19 .2 0 JAIV Z~~~ the best case and worst case transfer 2|q‘r§z
respectively, for the second endpoint. The earliest that th stﬂﬁl# for

t he second endpoint can end is Tc. The latest that the transfer for the
.second endpoint can finish is Td. The foregoi ng suggests that the

i nf or mat i aequest@gsaeatayrorttheXBe ooits respanss ded same nesmubsativefailatsl e to t he
hub before 5 tine Ta and any,resulhfgue to the fi[PEt.transfer IS

subst ant | aAndyesiied n AP {othies Gyt Beferethe Bpst COMEOlED Ve PP her more, it shoul d

be apparen L ' - i ired to
perform ea%#%?ﬁlf ‘ﬁg{é&ggw%ﬁg{ﬁr’ g}lée%gé}&%g%ﬁggtgég% |httihjéa){r§1‘s§|&1“§/¥? p:ht%agghoul d be
appar ent tdratwilhiadizeatald fgemft otharaonpnahehstplviad cdmimnsiastirgonitimiel depend

on the tine to performthe present transfer request, if any, 10 associ ated
with a §t aagens@VYET), oaHainbi didn’t megived theparransggpndanthis isavest 8l at e 850

are frame ol ot es st ALS L EMERERIANRIRL0) ofplE AT EhUaRR (e hub and

-t he agent ccor Y0 anh ensodiment of the

present i nyeAgi QﬁALL%fma&zttreﬁl@ﬁrn}scpamﬁfg B Hadsaedibervasttha Reb hed ther ame t hat

is a fraction of the size (mcrofranme) of the classic 15 frane. Mre

speci fi cal 4gent, onsan thelatditortethose¢aiwollsd. cr of ranes are equivalent to a
single classic franme._Si n@g_ t he host control.l er a;tld tlt;ue hub communi cat e
usi ng ni cr of r anB@UESY Bfn lllasﬁrqtgﬁgafeema{}%%ggra% BF BRPEEIHTNGT #HE? hub
starts ;gs @bSP&géct%iy g b ANRAGhARE: trddsfet S 426fdthcd QiARRE IdvRgd e time for
performng the start $ Flt transaction in terns of mcroframes. 'Simlarly
It is usefgpecifioalthes splittie iddebrobbuetrimferp @rdoessT0igarddprodess Tegiostsehspl i t
transaction in ternms. of mcroframes. Wih regards to the start time for a
start splittate mashimetponhosy cenfrallen gnd 8 hyb, resussdyshenProcesssi0q includgsia;
transaction shqul.d _occur .one m fr e 1 GF I3:.whi ch the
transrer oatnanl CREST. B EE: BARR RN POS hdRg P F U il e

frame. W td,dsed@mdsrdcssst 1@ willaktept ti@trimbctdnqaeebek&1)s Prodesd TOMSRKSI on,
according to an enbodi nent, a con}?“legte 25 split transaction should occur

one mi d6of thaestatiponse lee ednepieespiveransagiond KINhawhen thesraspaciion baevesssoci at ed
start spli ransaction can finish accordin t wor st case frane.

Accor di ng tﬁ“ﬁhﬁﬁaﬁ ?i’it??@ﬁlsu?ff:ss%ﬂzv BPEEEH aﬁ‘ﬂﬁtﬁﬁei%ﬁ, g Il?ge%ggg{m%c{)nt rol | er
uses the bgs{, 6a%e) b ik RRhrt ASaY0 tethm@3 VAR of A et Rchkare tenpl ate

to create start-split vector and a conplete-split vector for each

endpoi nt i (te@ad brrbr) doe t30 coremphatton Thiershawters thieilbsveadthub (soebaiors a val ue
i ndicative of the microframe _in which t&e start split trapsaction for an
endpoi nt  sPRsiAYEle EUPdNFYicHEcka OF Fiesagent or a byp problemupiteif2gi8t or di ng t o
an enbadi tart: i 2 . @gﬂ\gg -3 6. The
conpl e? g- spli Tf}e%t%srp%@%éntoaq{ﬁg&gﬁl\%ﬁ%ﬁ?{%’é&?gﬁ?ve fp{c}%%g]r?‘lﬁér‘% rame in

whi ch the gpamalahs dapl tekeivEdfioMmaht agedt Ohd abadbP§lRi retursiangyl cheok (NAKJUri ng a
classic frame. According to an enbodi nent, the conplete-split vector has

val ues ranefithgagensdidn’tigsmngd (NWEED didle huboady i) Infermptign poutslked by host

troller dri 5 t f t fer. n. i cul f
barti cul ar cumIpBr it onse B 1R fus A Gtiopsnehd Wit edft dEEE, et o
that is asgqjeal aduded (DANA 05 B RRIFO Had Mool Gefudiie (UeNOf &) e t hat

corresponds to the particular frame. The value in the start-split vector
for a gSven 7 Oltésagedilrdt tidmgoiht tnmineapdeahe destdptat eSthelbove poaficphne at

which a start split .transactjon is to be per orrrgxg%l Simlarly, host
cont r ol | er befery deserhing the R RABEANGARd mEteds QIIBE BFeser BEAEPR ne t he

o ool taaeTa i GhIACARIPURIE Bl b HutARRRBHEAD daskeP aRE PBL fQEIET. Fi oure
9 includes a gequence of hub-agent franmes (or classic franes
data from an agent via a hub. The protocol allows the host controller to engage in a
first transaction (start split transaction) 1n which a transfer request is communicated
30 to the hub. After the host controller performs the first transaction, it may engage in

an intermediate transaction with the same hub or another hub without waiting for the
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15 and a host controller-hub frame 950. Franes 900 incl ude ma 2@@%930
Frane 930 has a transfer 901 which is scheduled to start in Jﬁ@f B .
and is scheduled to end in microfranme B. In this illustration, transfer 901

is an isochreonoys out transfer, b it should be apparent that. other
transfers ?‘é‘ﬁ 38 3PVR pﬁggﬂﬁféﬁa“%ﬁﬁﬂgﬁﬁﬁﬁji%ﬁ?g%néﬁ%“%eﬁ Ao orf r ane
960 whi ch basin ANETHS i s Whi ) e f j uled to
occur in hub 1%%? tr?fcro?.l} grﬁrnl}qg%gﬁ%nsgﬁﬁ)%éﬁég;@? ?‘adrardrem%s)%eldu%?t,sfg?ﬁgt he
hub- agent tagemt, fucther ageptroagha sk b fsrtheregendR)anothieLagas ok vl D@t ar t - spl i t

transaction occurs jn frame 961 and the associated conplete-split .
transact i oﬁ“gc%ﬂ?#"ft’r%@6@helt’f?nﬁ Bohépip teonfremitheagantishe how frane

represent e f i .start-split transacti occurs at
e 25 o5 o o oiins RSB RE A ELo BL bRy rhatebfo0dR s lhe ool 1
transact i omesadi(dles data driladsHeRe SANEbnRe hFend t@ﬁfe@ﬂi&z 8f%e trhngfasfer 951
represents transfer 901 in the host controller-hub tinme frame. Q her
transfers aHorpehbewesuls hubandtheageyc By dllovdupthedmssc@fiblianthed63. |t

ot hor - tr anCPRRLT I RN EIT Gl oSt lon ot of wasine fonits IR2004

Wi le the pbmyen dRo@isRt koRNTar HEDERANODARRN ILRRAL BEL iidibe context of
periodic transactions, the invention is not" Iimte periodi ¢ transaction
but al d6 i Hubuglgs:t efy hehwstopaiprotecahsi @esrdanahwih thib everdidn afitheont r ol
transfers desc ib«?d aboveh. Accordi.ng. to an enbodi ment of the present

i nvent i on, SEPHEE) BFEeRE aBfb“éesé”%ng@P@efSP&%Shiﬁi%f vehichieequine theer i odi c

transfers. y. I i ceur_at.the earlie ime there is
space avai g%lcgﬁ¢%1?&? ﬁz%hon Eg{ﬂgﬁo\é\ﬁéorléotr@etg‘%trtaﬂsefemfghgihedag(eﬂgf’%ftﬁé%t. The hub
W | | accepinifatifgadimdes transfelur i ng a microfrane when it has space avail abl e
to hold the start-split transaction until it can be issued on the classic
bus (i.e., betwd¥élathe abens niplgcelriefigesithy seqienne ofwadsattionslihvolsedim t he

[ during.. 0. cl ic f when j.t. h her . di i odi
{1 aneade oentbiiaifl, e i 8RS Sur TR el e ot Fine&ir tbent  of 1 or

Will | aterhsaboid Rkt b tdsam h 8B o GY R l'ts from
t he hub forr t hat transaction on the ScI gfgg%t%ggllﬂl .%eflLﬁEe) dﬁgéé(f%l‘éegﬁfgrlgla#er driver
i ssues an ssgphcHowevestimplg df ttansfiessafot agamis 0 imperthndbeskheagelts ifpibaly no

ot her periodic transgcti ons to i.s‘ésﬂtiﬁerz during a mcroframe._ The buffering
provi ded 1%9BYe 0@ AR ST L0 BACRIREHIPB|the hei sartelb®n aspadiosi¢ (ees., and
separate f f i J y.th for riodic,transactions.
A ot hod andemonses eI PRI KGR b Gl Br s B B S ST

pr oces a0 ngwhiietheiaboae paratdhglfowd 4 Rost bortrdl kY €N ber@ormVin Int&i¥dbge descri bed.
Figure le shows in greater detail hub 120 of Figure la. According to an
enbodi nent tranggeliongon seenghultiple ipieas ediateitrapsantions) betwkermibs start split and

host - contrgl | er - hub hi gh- hub troller 180, a hub-agent
o speec) ThSie i irapbedton E et PoGEd dods it eliicecsion cl ock
183a, a I opaRtaicddés ke SOl i theli0labid hBR h@RHb ARE bert BRerh iR wadlls

controller 180 perforns split transactions between
contr ol | errequgts Wibnw vequinngtharthbstsphiroli¢maveadcior die iransf@Gequestidbe

controller 180 fr, 25 the haost contraoller 110, controller 180 records the
curre n{zg m Er&fﬁﬁga?mgi% IRy ermegsate yansactign.s Thejsshesrnataddressedsact i on.
An al t er nat.esenbost - | Gr.of rane .nunber as a timestanp

in the stat}g rec‘gfgd%@t@%ptggeﬁggm% gﬁ) gélcgl’éllraglﬁg %‘qul?lél%sf’g&afl 5T YT %@Eby t he

hub dur i ngthe peocistigfi e befferingudd s fonh ¥ ilaQ5Fer FRBBIY BY aGbi G anot her
mcroframe. Controller 181 performs transfers 30 between the hub and one or

mor e agentaidrespi by e dpldawing dessiphens efmetbnds ahd eppat@is ar ecpataived during
Zggzt spl it lih%npsrgs%}ﬂ 202ntE fﬂenﬁgsegﬁ%%r?tponci%gurdgé L?nret}}(?doan%ngpp-a?a%.ls IAN
30 for scheduling transfers of data to and from an agent and a method and apparatus for

processing transfer requests at a hub. The method and apparatus for scheduling
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host controller | 10. Menory 182 is coupled to both hi gh-sgéei tml;
controller 180 as well as |ow speed hub controller 181. Menér J Ciles a

pipeline with a plurality of stages. According to an enbodi nent, the '
pi peline has five stages. Each stage of the pipeline corresponds to a

i cr of r aneAsfaesi tedisalessibed Baghns tirgeho©methot Aad pppehtun fortagfesingl ural ity
of transaction states (or transaction_records). According to an enbodi ment,
a stage ofandherfoipisig trrasfsarequestois degaribed se@Adact i on states or records. Each
stage stores records representative of transfers.to be perfornmed. A record
may have sever ef%{r&goa#?‘mstﬁiﬁg‘g§ Ly .P68°‘*5?1afsse‘ﬁa‘%%‘.“&mé‘ageﬁe%@amdﬁ Fction of
transfer, Shifh YRR 100t RHdEms adifighdiin 6 LBl GRactRidbuRe biddifant es

whet her thl;eég%% t_rgnsérfer I's 'not ready g((illprevent%:he | ow- speed hub controller
from pesf osygieng Configupaivaicag ofwaiupomgyston iretazatiomn) bost-upeardyhepims been
performed by the | owspeed hub coniroller). The data reference is a pointer
to a startagegt Gatiaeed © ter ingjaligation. r’%@érﬁw&ﬁ(‘g Pgs?taiq?nfft%’é?nsfer) from
t he agent or t : - NS4, 5 Hub 120
i ncl udes c er?tego O%Uthlgttaﬁggﬁgh%&gf)%%%d%g aégggﬁ%fglg%@%ont raglakﬁl}lt t 183.
Accor di ng i e aeshadimeatinvdlati th8dansgen ahatnemner i whiehngems handhgat i on;
i.e., that one-eighth of the tine duration of the classic frane has

el apsed. Gonteiaked periadia gansfeys,cothbreigoscisorpsgny ntepuptnaresafiledis the records

in the_ stages.a revent s e performnce, 9 t.ransfer - the | ow speed
nub. condr ofeeubedeh PBR, fuh Hp B B RERORh oo RS @t e g n
execution %gnéﬁ}&dt@\@faﬁﬁ%%gsmths GAIk 4ndll doBroll, 8k HafidlRASS dédeeibkd AExtt he transfer
was schedul ed to be perforned or to have conpl eted perfornmance.

Specifically, abDuongithegproassaef enfigaiationteackhendpoort @f whdsegeat mbuimsttbe ti e
stanp indicates that it . was receigi/ed b cgnt roller 180 fromfhost controller
110 one ni DG Ynkae ERFAGIY,S asseoial H‘F@né’% Aaipayload sz nd FanffFiyPE he

| ow speed i b ; Bulis RN eTAL AARAG h QAd ABviEDEy Cl assi ¢
bus. A rec(lt‘)&r%'1 ggéemgéggc‘?éltné%ﬁltpﬁ’rrgslﬁanp (itlgdi cates that It was Teceived
mor e t han whicBeadh dpeaf infores thefetem isheelburdeestdodbicthobe afrerdinedy sldtliion but
has not yet been perfornmed by._| ow speed hub controller 181 is marked as old

to prepar etheartfand ngedsp@ideigadibed beree Shs e guR AR B‘l‘)éo%cb?lﬁ 1Stqa%nsfacti on by
the high spoed: BuReE 8PUEOULEL (ki 6 dr R th QP Gt uGS Offedl el | MBSt AND

i ndi cates as’ received noret ourm crofranes ore the
current mM%Mta,ﬁiwgiﬁhnﬂuhe RSOy py/@ithOREN cPRITONENEhe@hiaringr - 23 ~
, | A~ 20~& currently being perfornmed by | oWspeed hub controller 181 is

aborted anih weinbthedystemmelahethsispre|and drangentype 188 Host eprgelieospvedll to t he

| ow- speed hup controller 181. Controller |81 seguences in order rough the
per of8 1 HEERY B3PS o o ATARe L P 2B ne B deser LT BEF ¢ o an
embodi ment host QOE Pt Gles SROMBAGRS AN A QEER oBidfban ARIUNSCiARE WS T ecei ved
in the earliest mcroframe before proceeding to the records received in the
next earliesh enémenttogenereteaftudge Ishitbrabe periodic tansfem @f tlee endpemitodnnent ,
controller 181 proceeds to the next earliest éecei ved. m crof rane when

control unglferngg epbedmeas agorvareveRauch A thehosh contppllar driyat PIRVElAi t 181

recei ves a, m.crof glell ' ' gpg@ : cansfers in
t he next e}éai"rfi}vé“%t({n% (r:ez%n g%%ét?ngglrl%%erqrgrre }c?#%%gt% ?éa ;(/18{%é gger%th%{é and
f | ushegs50UfieschBed beddref The blidpt ligrvatiat earlisstd@scthabe ttandfory@ending per f orm a
transfer controller 181 transfers data to routing |ogic 185 which gives

. control | er ret8virgocdmaspackeld maystcourss well assthe ddest gone thaua resyltiagsgeater’ss gi ves
an agent access to either, re ter184 or controller 181 to allowthe

ranstor oPTOaReaisres TG SALRIFaTBe GGt Ut ATPE PSRN ng on the |
S agent's 894&%&%&%%% b8t tFRENBALG eath Stht HréAGR @shstds sQ0kfiR | er 180

and routing Togic 185. Repeater 184 repeats signals received fromTor
destined t ehat theprevadusaranifeds lmpgentdatndeethe tvest(adcincemstanees fdefimdd a hi gh speed
agent coupled to one of .ports 186-189. Wil e sequencing through the pending
r ecor dS30r ebelpvadThelatasktig that @gesult associated with a transfer may be available

depends upon the amount of time taken up by each of the previous transfers
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20 mcroframe, controller 181 operates in accordance with the fcﬂ Ugy 2@
rules. First, after performng a transfer between controller 181 an
agent, controller 181 will retrieve the next transaction record and perform™

th t i ng i i nt t fer. .Second, if th i
el o DaRlihe SRR SanRlerd RHchdRindel BB Gk ciidhmRtagden (Betmigor 1 or m o
pendi ng bulyejs@nindahe tifn%f}&étﬁfed &P itfeQrankfer Ll ehd &oﬁpci%—ﬁﬁrﬁ%%sgg]éheb

-speed hu

bul k/ control transfer, controller 181 waits for the hig
control | er eadiest @wme et ¢dragsizr pemeliongisbwipkrtentritecalse die hsoodntmiiotiseeds

interrupt transfer. n the | ow spee ub controller perforns a transfer a
result is §‘E’§?‘é‘?j £ArRHET FRaHEY u%@% &Tﬂ@q"r”gst{?%fremf\}%@s@itbﬁ@ﬁ seothagrtlishake or
dat a recgi : f: ' n r f.or med have
hei v Stat e aRanssd byt re e GRS Al O PREDe R B R PR ane

t hei r recorigatantomache buffededilagsfeoreqhest NTHO 1806 athelibit GRAlT RLd&hted 80_ Wien
a conplete split transaction is received by the -24 0 JAS 20a4 hi gh-speed
hub cont r olWid} thegransienmabg v aijabdelisHmporanitbestuse aftegibe dateattimesit ishe r ecor d

of the nost c V. rforned transfer w.th the sane addressing

i nf or mat i or?uétsﬁ?%%gkcfggginrtg%tg%nrseéu@3”(’:& FBV?IL?QI%%W%W{ ?Qﬂtli"g?r %10 based on
the result rafietderrmmskost @@ﬁ@iewaoqy@qeﬁ{e@@?ﬁeefesui{ fr ﬁﬂﬁe fQupiREe split
transaction is not inquiring about a 5 transaction W th the Sane addressi ng
i nf or meltd onhe katest hinghmspurgithatithegendrisnbeavaildblewiet, la lewefftriehtlpastscati t h a

NI ' ET. Thus, gor.ret ho?l. nd ag\%?r at for scheduling transfers between a host
control | er CERPYANG IR RIS rHEeYpiwerldi Bsd89uddi t i onal Iy, a nmethod and

apparatus for b qfrﬁr%'i’érﬁ Y2l PAGES BETERDf Efr@u%glﬁﬁées 3ihed egcl'éhtsj gh as. been

descri bed. Al though the 10 present i1 nvention has been TH8d with

reference ftmvobyeschd mexiemandbarpayratadd feé & substandidlly Revieviugagt to one of
ordinary skill in the art that vari ous nodifications and changes may be
made to t hd&astsrhbeanes pndenthe mebit of ejsalimstarces Mdenteheh asseténvadpisri t and

scope, i, WALk LTMDs oty BTUAECE kS 1 v
than a reshédoeding @ 8@BBBodiment of the present invention because the signals on the bus
obey non-return-to-zero (NRZ) signaling. According to an embodiment of the
present invention, bit-stuffing may increase the size of the maximum data payload
by 16%. While in an embodiment, the best circumstances and the worst
20  circumstances have been defined in terms of bit-stuffing, it should be apparent that
in alternative embodiments the circumstances can be described in terms of other
things that can expand or decrease the size {or time) of transfers, or generate delays.
The generation of a budget list in accordance with the present invention will now be
described. While one way of generating a budget list is described herein, it should
25  be apparent that the spirit and scope of the present invention encompasses other
possible ways. A budget list is a list of the allowable periodic transactions that can
occur in a particular frame template. A frame is a continuously occurring period of
time defined as part of the bus specification that is sufficient to provide for one or
more transactions. In an embodiment, a 1 millisecond time period is defined for a
30 frame. A different budget list is constructed for each frame that has a different set of

allowable periodic transactions. A frame template is a description of a particular
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20 JAN 2004 Vhat is claimed is: 1. A method for conmunicatih§ JaNaogpet ween
a host -and an agent, the nethod conprising: performng a split transaction
to transfer data between a host controller and an 5 agent, said-performng
.a split transaction including: performng a first transaction of the split
t ransact i orpasdigelly rencatipmFame dhat poivides fansdrze meimupendoberiafg an agent
transaction_bet wee hub and, t he agent based ,on t ' transacti on;

h
10 per f or mi H4° koélgb%?ﬁgltrflg §§?:IB P?)Vﬁn%?cg?ﬁ@%ﬁfql? df“raé’ﬁfglgé‘;-: é‘%%’é? ween t he

host cont r odnedin@dtind ﬂﬂﬁnmléftﬁaéa@;iéﬁménfefag(rﬁﬁ&a% @1@5‘& @&Q\ilgiaffgﬂeent than

said first transaction; and wherein the sec trahsactron 1s ‘based on the
agent tr anstaotpiaadestBbes a fidtentim bhdgktaf framai Bach budger it had feaskodisbd
_transaction and second transaction_are performed at a first comunication
speed or? i PAEESE MHAERAGN AN ANfAsFasiater WpEst gse dormptionaeihedestose | ai m 1,

wherein the,gi ke, LEQRBACH, UtudorREIOHTED XanS 86T B FOIIMAL SALI 0N Speed

. lg
or I n accordance wt a second protoco 1,

further congycussiideptiebestwisragmatahtts! On bii aREASIVeQMBYAIhent! PhsBGE Rlther
transaction is being performed. 5. The nethod of claim11, further

conpri si ng tham fraRseriensAre rpresented hy dea bashcs infetmasion antevdritrase t r ansact i on
and the agen}‘ trﬁﬁsaction or between the agent transaction and the second
transaction B %R& nethod of claim 1, wherein the first transaction

i ncl udegg sendi ”Eigﬁ_f'@ﬂ& tRRtrhes b dERRIh 8 Sest Qist h%mgi%%gﬁifa{é gotfipPacket

i ncl udi ng agent 30 identification informtion, sen rom the host
control | er dceotdarcewith thegremntinpemicet Binck 8¢l regredadtatheanmsfeeasiovieteg at t he

host control] er .an agcknow edgepent from the hub. -26 20 JAN 2004 7. The
Mot hod of | QPR AISHEAGR AR MRS 1p fanster bpparsyndRt ths Detidate. RisskiBHY f rom t he

host contr qjefneeg ed’:tsothre h&ntePaRolibted WildE &8bnd E}ﬁip‘dﬂrjt,”@h@rg WY transfer happens

under the best case. The remaining blocks 815-835 represent similar best case

15  transfers for other endpoints configured by the system. The worst case information
describes the situation in which each transfer in the frame template occurs under tﬁe
worst circumstances. Figure 8b illustrates a diagram for a worst case frame
template 850 in accordance with the present invention. Block 855 represents the
transfer associated with the first endpoint, where the transfer happens under the

20  worst case. Block 860 represents the transfer associated with the second endpoint,
where the transfer happens under the worst case. The remaining blocks 865-885
represent similar worst case transfers for other endpoints configured by the system.
It should be apparent that the relative sizes of the blocks are only meant for purposes
of illustration.

25 The significance of best case frame template 800 and the worst case frame
template 850 will now be explained by examining blocks 805, 810, 855 and 860.
Blocks 805 and blocks 855 represent the best case and worst case transfer,
respectively, for the first endpoint. The earliest that the transfer for the first endpoint
can finish is Ta. The latest that the transfer for the first endpoint can finish is Tb.

30 The foregoing suggests that the transfer associated with the Second endpoint can

begin as early as time Ta or begin as late as time Tb. Blocks 810 and 860 represent
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i dentification information, and receiving an acknow edgenent fﬁf@é@ﬁ l?ub.
5 8. The nmethod of claim®6, wherein the second transaction in2c ; §
sending fromthe host controller to the hub a third packet, receiving from =
the hub at the host controller an_acknow edgenent, wherein the

acknow edgeahehest £essrand avarst smidansae simess iespeativei foetheiseeandsndpointhe hub

fromthe aggnt_ dur] h I I ransaciign.. 9. The .ngeth f claim?7,
wher ei n thg&seee&r)he {?ggﬁlgg%#&%ﬁﬁr&\%q S&a%%,eﬂga%‘aﬁﬁadl?‘ﬁdﬁfh%ﬁi@ft&“%t rol | er
to the hub ige frhidrel PRMHEREcordRE8HhN A iR it . MR £ Iler a
dat a packet, 1r5 wherein tﬁlflc:a datg packet inlcl udes iﬁn}eg&%&s?@%&s&s&ﬁ?@tﬁg t he

agent to t hefonmbtiomnetessmdfonghe seomnd transhamn noustbe aldikbld o thbRuthbiéfoan
acknow edge The t hod, of, cl ai rP , Wherein the first transaction

. 10. [ } .
el oaes O SRTA 509 Ao Hb Oo @ the G (aPiTErs PRy BIRR 19 Be 2iHGRE

I ncl udi ng : | lfhcati | | | fromthe host
controll eraatg%p%ﬁ% Hugqg{ﬂgé?gébggﬁbe%@g%%%g%%?ﬂ%@@?géf%}rﬁ? ?r wherein the
first transigpérdsron the limdasquisendipadorit e4thtof endetiotORhisPd Rfuds@. t he hub a
first packet including ag}ent 25 identification information. -27 20 JAN
2004 12. THedvdenedly. Fheyldprpmmrenimlat sheschedulisgob the coneplemesplibn i ncl udes,

sending {1 o LOGNOSH EO0L &l hetinfedo ool Bdr2tORh AT E sl Hdpgdi nO agent

10 associated with a start-split transaction.

Frame template 800 and frame template 850 are frame templates that are
representative of a frame between the hub and the agent (hub-agent or classic frame).
According to an embodiment of the present invention, the host controller and the
hub have another frame that is a fraction of the size {microframe) of the classic

15 frame More specifically, in an embodiment, eight microframes are equivalent to a
single classic frame. Since the host controller and the hub communicate using
microframes and since a transfer request before reaching the hub starts as a start split
transaction, it 15 useful to describe the time for performing the start split transaction
in terms of microframes. Similarly it is useful to describe the time for performing

20  the complete split transaction in terms of microframes. With regards to the start
time for a start split transaction, according to an embodiment, a start split transaction
should occur one microframe before the microframe in which the transfer between
the hub and agent can occur according to the best case frame. With regards to the
start time for a complete split transaction, according to an embodiment, a complete

25 split transaction should occur one microframe after the microframe in which the
transfer of the associated start split transaction can finish according to the worst case
frame. According to an embodiment of the present invention, the host controller
uses the best case frame and the worst case frame for each frame template to cr‘eate a
start-split vector and a complete-split vector for each endpoint in each frame

30 template. The start-split vector contains a value indicative of the microframe in

which the start split transaction for an endpoint should occur during a classic frame.
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receiving at the host controller an acknow edgement fromth@ ggm 2&5
wherein the acknow edgenent represents handshake information ¥ by
the hub fromthe agent during the third transaction. 13. The net hod of
claim11l, wherein the second transaction includes, sending a second packet
from t he ho&tcocding todn embadimeite stattsplibvattor das saldesmnginddtom phekét Theom t he
hub to the host met hod of, cl.aj.m 1 g/rtfrein he first transaction

.14 Th ,
i ncl udes, sml?fﬁ'sPlrﬂo‘fﬁcfoﬁgo%@f _agﬁlﬁlf’r‘ IFREVe%s R e e 1 W by Eket
| ncl udi ng_agaBled: A8t &Rbh 98t A UoBBATRE {RlId dul Byrinl PclBEORELQ! cl al m 14,

wherein the second transaction 1 ncludes, sending ost controller
to the hub Acoediogt paokeddimangtieendiphgetplimctioe hiinthes fafiginp@sim Camt rol | er
a data packet. 20 16. A digital systemconprising: a host controller to
performé s%lit transaction to transfer data between the host controller

d , | ' he. h | | f
21 ret Or ansact oA e Ralorn 10} AREATMIRN reeluARabF st 80 of

the split t#aRfRet i paribabmeatie fhe: Hesdulaendpsihf, Absi@onBBHerd MUamtfisd second
transaction being different than said first transaction; wherein based on

the first tthahsterseomcionthahismspmwidiel with the engpnint andithefrmotemplath e agent ;
wherein the second transaction.is bagsed on.the agent.transaction; and
wherein t he°°r?3§@°“g§)m %SIPFEW%éanﬁS Vflﬁlerl’&iglersé%b' SR VERIORERT B8R agent 30
t ransacy b ONerddoiRAROrRRE [ PIRE indidfes the microframe at which a start split

transaction 1s to be performed. Similarly, host controlier 110 examines the

compiete-split case vector to determine the microframe at which a complete split

transaction is to be performed.

Figure 9 includes a sequence of hub-agent frames (or classic frames) 900

15  and a host _controller-hub frame 950. Frames 900 include frames 910-930. Frame
930 has a transfer 901 which is scheduled to start in microframe B and is scheduled
to end in microframe B. In this illustration, transfer 901 is an isochronous out
transfer, but it should be apparent that other transfers can be given a similar
representation. Frame 950 includes frame 960 which has subframes 961 and 963.

20 While transfer 901 is scheduled to occur in hub 120 in microframe B and end in
microframe B (i.e., in the hub-agent time frame represented by frames 900), the
associated start-split transaction occurs in frame 961 and the associated
complete-split transaction occurs in frame 963. In the host controller-hub time
frame represented by frame 950, the associated start-split transaction occurs at time

25 95la sometime in subframe 961 and the associated complete-split transaction occurs
at time 963 sometime in subframe 963. Transfer 951 represents transfer 901 in the
host controller-hub time frame. Other transfers and transactions can also occur in
subframes 961 and 963. It should be apparent from Figure 9 that subframes 962-3

are available for other transfers and transactions with other agents.
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20 JAN 2004 17. The system of claim 16, wherein the first t%ﬁqﬁmggnﬁ_and
second transaction are perforned at a first conmmunication speed. 18 The
system of claim 16, wherein the third transaction is perfornmed at a second

5 conmuni cati on ed. -syst:em of _claim 16, wher.ein the first
transacti on and‘i@g%%g agj ggenasgalg P%Or{l_ 1331 §erﬁeerﬁh}5bﬁ%lopx]b%ené%dgzl_f}llg%ﬁocﬂgemof h a first
protocol . keridfle rhhfcEysd & iaterflod iihdimMbLlogicfiolRardilididnibuaRgact ion is
performed in accordance with a second protocol. 21. The system of claim 16,
wher ei n t hendhides asynchrosigos tremsfem slichdesshe balidind gofitroinransferhdsseribaht rol ler to

the hub a fjrst ackgt i ncl udi ngﬁeglent 15 identification information. 22.
The syst em®®#Vec| AFTRTHIS Q38 CBIOR t Ok thsRieSeP LRy SR ACHEPSTEREE f 8 endi ng

fromth h&ERsig Aieql 5& aside 5&*}5&@)‘&& ttansferd nﬂf)ﬂ]gﬁ}%% us Gdnstars will %c&?.ﬁzﬁ ﬁ{)ns'? f

cl ai m 16, erein the second transaction 1 ncludes, receiving at

control | er tiereaslédsnaimleatere iesiacé nariiabledontiem @dthedis befseh Bl ik an@ahé pher al
devi ce conprisi%g: a hub controller; 25 a host controller coupled to the
hub cont r obget., TBahub Mol aceepht fransaskon durpes & Byieroframs|whentit hasspacd on to

transfer data, bet host...controller..and an agent: wherei.n.the hub
control |l er aYaélaggeet\ﬁ&%Fde&][g%mﬂgsrﬁl%‘lirr?‘un%?cﬁ?? ’s‘fmlta‘F S%a%%isgbeﬁ Pyt f’ﬁ%’sﬁﬁpﬁ
transactio gﬁ.é,%t\@eéﬁﬁ@ Reb bh @B ggédtp NTih thOBuS RA Isshé ARIAREA DB While & hoOST,
said second transaction being different than said first transaction; 30

wher ei nl& helakribfipmefvdranst bas rmgether pandinggetiods transictimns.afpand thedmbdaon t he
first transactign; V"hereiﬁ)& he secoHd transaction i s based. on the agent

transact i oAS“RI% AL, SR Frl”&l. LT SEF 8ISPEPEe-BRFTEAIRACAOR hi r d
transactiog, Wi h,.3h AGER frﬁﬁ%ﬁghﬁﬁ'f&hﬁatf a%?%ﬁ%ﬁ%ﬂ%ﬂ@ﬁ'a&?é b drihodfrer ei n

t he second transaction 1s based on the t transaction. -29
controller driver issues an asynchronous split-transaction to the hub whenever it has

no other periodic transactions to issue during a microframe. The buffering provided
15 by the hub for bulk/control transactions is distinct and separate from the buffering
provided by the hub for periodic transactions.

A method and apparatus for buffering periodic transfer requests and
processing them in accordance with this invention will now be described. Figure le
shows in greafer detail hub 120 of Figure 1a. According to an embodiment, hub

20 120 of the present invention includes a host-controller-hub (or high-speed hub)
controller 180, ﬁ hﬁb-agent (or iow-speed) hub controller 181, a memory 182, a
control unit 183, a clock 183a, a repeater 184, a routing logic 185, and ports
185-189. The controller 180 performs split transactions between hub 120 and host
controller 110. Whenever a start-split transaction is received by controller 180 from

25  the host controller 1 10, controller 180 records the current microframe number in
memory 182 as a timestamp for the transaction. An alternate embodiment would
record the microframe number as a timestamp in the state records to separate one
group of transactions received by the hub during one microframe from those
transactions received during another microframe. Controller 181 performs transfers

30 between the hub and one or more agents. The transfers performed by controller 181

are received during start split transactions performed between controller 180 and
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current microframe indication but has not yet been performed by low speed hub

controller 181 is marked as old to prepare it for a subsequent corresponding
complete-split transaction by the high speed hub controller 180. A record whose
30 associated timestamp indicates that it was received more than four microframes

before the current microframe indication but has not yet been performed or is
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109%& () - QV- fh%(f)éﬁ‘diclé 10ordLrdeildd :n%é eg‘ 1);r0fr%./§'ﬁle(befcre proceeding to the

records received in the next earliest received microframe and so on. According to an
embodiment, controller 181 proceeds' to the next earliest received microframe when
control unit 181 receives a microframe indication. When control unit 181 receives a
microframe indication it changes the status of the transfers in the next earliest

10 received microframe from not ready to pending, and flushes out the transfers that are
stale as described above. To pe;form a transfer controlier 181 transfers data to
rouﬁng logic 185 which gives céntroller 181 access to one of the ports 186-189.
Routing logic 185 gives an agent access to either repeater 184 or controller 181 to
allow the transfer of data at a high data rate or a low data rate depending on the

15 agent’s configured data rate. Repeater 184 is coupled to controller 180 and routing
logic 185. Repeater 184 repeats signals received from (or destined to) controller 180
and destined to (or received from) a high speed agent coupled to one of ports
1836-189.

While sequencing through the pending records received in the earliest

20 microframe, controller 181 operates in accordance with the following rules. First,
after performing a transfer between controller 181 and the agent, controller 181 will
retrieve the next transaction record and perform the next pending isochronous or
interrupt transfer. Second, if there is no pending isochronous or interrupt transfers,
controller 181 will perform a pending bulk/control transfer. Third, if there is no

25  pending bulk/control transfer, controller 181 waits for the high-speed hub controller
180 to indicate a pending bulk/control or isochronous or interrupt transfer.

When the low-speed hub controller performs a transfer a result is stored in
the memory 182. The result may be either a handshake or data received from the
agent. Transfers which have been performed have their status chaﬁged by the

30  low-speed hub controller 181 to ready and their records are made available to the

high-speed hub controller 180. When a complete split transaction is received by the
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recently performed transfer. If the complete split transaction is not inquiring about a
5 transaction with the same addressing information, the high-speed hub controller 180
will respond back with a NYET.

Thus, a method and apparatus for scheduling transfer.s between a host
controller and a hub has been described. Additionally, a method and apparatus for
buffering and performing transfers at a hub has been described. Although the

10 present invention has been described with reference to specific exemplary
embodiments, it will be evident to one of ordinary skill in the art that various
modifications and changes may be made to these embodiments without departing
from the broader spirit and scope the invention as set forth in the claims.
Accordingly, the specification and drawings are to be regarded in an illustrative

15 rather than a restrictive sense.
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performing an agent transaction between the hub and the agent based on the
first transaction;
10 performing a second transaction of the split transaction between the host

coniroller and the hub, said second transaction being different than said first
transaction; and

wherein the second transaction is based on the agent transaction.

15 2. The method of claim 1, wherein the first transaction and second transaction

are performed at a first communication speed or in accordance with a first protocol.

3. The method of claim I, wherein the single transaction is performed at a second
communication speed or in accordance with a second protocol.

20
4. The method of claim 1, further comprising performing a third transaction

while the agent transaction is being performed.

5. The method of claim 1, further comprising performing a third transaction
25  between the first transaction and the agent transaction or between the agent

transaction and the second transaction.

6. The method of claim 1, wherein the first transaction includes,
sending from the host controller to the hub a first packet including agent
30  identification information,
sending from the host controller to the hub a second packet including data, and

receiving at the host controller an acknowledgement from the hub.
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sending from the host controller to the hub a data packet.
11. The method of claim 1, wherein the first transaction includes,

sending from the host controller to the hub a first packet including agent

25  identification information.
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A digital system comprising:
a host controller to perform a split transaction to transfer data between the host
controller and an agent;
a device driver that operates the host controller to perform a first transaction of
the split transaction and a second transaction of the split transaction between the host
25 controller and a hub, said second transaction being different than said first transaction;
wherein based on the first transaction the hub performs an agent transaction
~with an agent;
wherein the second transaction is based on the agent transaction; and

wherein the host controller performs a third transaction while the agent

30  transaction is being performed.
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22. The system of claim 16, wherein the second transaction includes, sending

from the host controller to the hub a second packet.

20 23, The system of claim 16, wherein the second transaction includes, receiving at

the host controller an acknowledgement from the hub.

24.  An input/output peripheral device comprising:
a hub controller;
25 a host controller coupled to the hub controller, said host controller to perform
a split transaction to transfer data between the host controller and an agent;
wherein the hub controller is operable to perform a first transaction of the split
transaction and a second transaction of the split transaction with a host, said second
transaction being different than said first transaction;
30 wherein the hub performs an agent transaction with an agent based on the first
transaction;
wherein the second transaction is based on the agent transaction;
wherein the host controller is operable to perform a third transaction with an
agent based on the first transaction; and

35 wherein the second transaction is based on the third transaction.
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27. The device of claim 24, wherein the first transaction and second transaction

are performed in accordance with a first protocol.

10 28. The device of claim 24, wherein the third transaction is performed in

accordance with a second protocol.

29, The device of claim 24, wherein
the first transaction includes a first packet sent from the host to the hub
15  controller, the first packet including agent identification information, and

the second transaction includes an acknowledgement received by the host

controlier.
30. The device of claim 24, wherein
20 the second transaction includes a first packet sent from the host to the hub

controller and a second packet sent from the hub controller to the host, and the second

packet is based on data received from the host controller.
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