WO 01/08019 Pte. F /US08/10930 TRANSACTI ON SCHEDULI NG FOR A BUS SYSTEM -
Field of the |nvention The present invention pertains tQ-hR:fib@hd of data
comuni cafOH%H%a digital 5 system Mre particularly, the present
invention relates to host controllers and hubs wused to transfer
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 TRANSACEIONSCHRRYLING FOR AFHUBYHEENMOwer) in  conputing
systens and devices, the anmount of data that can be exchanged between a
conputing systemand its attached devices has increased, requiring a
concom t angieid bk @@%8td) t he bandw dth of the bus. Part of this increased
demand for bandwi dth has cone from nultinedi a applications.that require

data to be trarfdeereseyinyentospartaips tpahs figigo WW‘?‘%‘%’UBW@%@?S) ei t her

fromth Lce j } ! &5 andHubé N t he

opposi tg %S’%/%rgt ihgﬁre;pgﬁtc @%ﬁ%&;@gﬁ&%ﬁﬂeﬁ g(asa%ér}ﬁrgg significant

bandwi dt h isatioudesfeninformstioncamimst di sc pl ayers, speakers, m crophones,

vi deo display devices, scanners, and joysticks and m ce, anong ot her

devi ces. The bandw dth available on a bus architecture is partly determ ned

by three RQuia64d08f3he Tayéilsal Ssi on medi um topol ogy, and the protocol used

to control access to the nmedium The, protacol, and topolo partly
FPoaCGRAR B

deternine the reatammuteser ipdar qegicabHipialh gs 25w ek 9% a conputing
Syst em;o%@ggfg;;&émr gm% ﬁ@ﬁmspof'aﬁyan%esr@é.t, %mﬁ«%tﬁlg?pwfv&b ationship. In a

mast er - sl ave Ironship the conputing system iates typically all
dat a t r ans@eatputngssyvetseshddvives, dorpmaunhef detadhas nardrecexghaggsd hgeveeps | . e. | the

device only responds to.requests.fromthe c Ut t t never
initiates mtp%\%%éttef“c?ﬁfh g%aﬁﬁ%dfsqetm(%ﬁ‘ hafﬁrgrena%l?‘eeﬁl-z@?%\%&rcg é%llleons hipis a

bus ar chi t;getase & thb 8MidMGdtk ef db bt | Bart B i@ 6ieasath dersindiior iahdwidthThe Uni ver sal
Serial Bus (USB)D Speci fication Revision 1.1, S(gptgwper 23, }998, is an
exanpl e ofhas cgapfipamultirgediaprplirations habreautri 43 ta dnlasimed P68 4 el at i onshi p

bet ween s el GHPA S, SORNABGESHhs PHinb Borm the WEViOd 0QBOdPn fRES 445K (1920

the bus, or in the opposite direction (out). Examples of devices requiring significant

bandwidth include cameras, compact disc players, speakers, microphones, video
display devices, scanners, and joysticks and mice, among other devices.
The bandwidth available on a bus architecture is partly determined by three
20 factors: transmission medium, topology, and the protocol used to control access to
the medium. The protocol and topology partly determine the nature of the
relationship between a device and a computing system. One possible relationship is
a master-siave relationship. In a master-slave relationship the computing system
initiates typically ail data transactions between the computing system and a device;
25 i.e., the device only responds to requests from the computing system but never
initiates a transaction. A benefit of the master-slave relationship is a bus architecture
having relatively low cost and simplicity. The Universal Serial Bus (USB)
Specification Revision 1.1, September 23, 1998, is an example of a popular bus

architecture having a master-slave relationship between elements connected by the
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bus. Unfortunately, nmany of today's devices and conputing systens have
bandw dt h re@gb{,@ggnts (or data rates) that cannot be suppgfi;Ss e €xi sting
mast er - sl ave bus standards, such as the USB Standard. Even though USB does
not support relatively high data rates, it has a 5 relatively | arge base of
users, and supp s t data rates: .12 Mo/s ("full-speed”) and 1.5 Mi/s
("1 ow speed"‘?‘g' g?;%’“_?if‘%,\tg%.s‘n%l"f fogres deyicss F‘Hjt‘i?@?&?ﬁngas_yﬁtﬁ%*s Bﬁ’@aysg sone

devi ces do nghdfReHHer Bretet (HAk@ rdtdh Bot SRA1GR BuReRbERESgRi f 1 cant cost
savings by taking advantage of relatively |owcost, 'l ow data-rate drivers
and cabl i ng.mMﬂeigﬁéPPustSFﬂ@dmswh@sMéJSHmdaaﬂ. | ows the conputing systemto

Ful [ ~speed w t h FEBHoBRREh B Bl BBt Rubdl ol M FRiul 1< Tn the’ ©

grr_ount | of Sd?iﬁ&tiafltrr] Haagelbﬁshe_ dfluﬁdi’? aﬁ% stu@ptlar_a\b_@tb _dﬁtﬁeattﬁUSZbK’Est(Bﬁ?is{r’%df)hr ogghput )
eing less than achievable by linmiting the bus to full-spee

transact i onsad iy @#ﬁéﬁo‘ﬁﬂ?eﬁg g UgBalownmpltipieglatadatay ersa hus besapsasopigndwi dt h

bei ng avai | afply&ef & nddtIDB8S hiSPEETralel afll canlaHlilveSREShn i specially 15

when there is 'aer el at ie\%el y 1_ ar gemnurrbe?‘noa l{wow%glpeedtq éelt\?lg‘glzgs? bgt tached to

the conput ipking géveange ofnddatotlydov-coft, lspaled-rathidfivarnandanblingr oughput i s

exacer bat ed wher t he ratiQ of high tarate to low data rate is
relatively |ar ge%o,&'ﬁg?rh%? Usgé)ﬁt%ﬁog&ﬁhaggﬁvf BeSRBPURIS P Ui re the host to
(1) trangoi tcoatmmidaieghlowdpbal with IBwalapasgs dbvited add 4ltehati(ely avalikpde@r the hub
to forward at. tge llow data rate the_ 20 packet to the agent, a513) wait for
the agent toVitighAda mie deKises (Rpedrainfiinghiesntis 4n tha ampuns of dagmertpally 1 ecei ve from
the hub at arfk@hhedsid e 8(eHBRivE AN ehBur SSRPRSGh Lt AERRGKSL-  Wen the
ratio of the hi _ghedata reat e(eto 1the 1 ogwﬁhggt aﬁ)ér)ate %ns rte%a{ti vieélg}/' | arge, this
bus pr ot ocdimiting thgbyoiofelbepeed franszctibmay Iebfhecwords spded shifimguesubs inbandwi dt h
because of the, nee o _wait, .f.o he hub to forward,the packet at the | ow
data rate angf. ﬁfwlﬁde]tbgaéﬁ‘faﬂag%h{ E’)’l""’r‘fai I S P‘l”Ff‘é’era\%de% 9K Anot her
popul ar hes wienhiet B@yelatveFeirgtimeniey of Ibiwrpedd Rviceyatthitzlitkd ke of El ectri cal
and El ectronics Engineers (| EEE) Standard 1394 for a H gh Performance
Serial Bus, “PO@Hngeem) huellegiiiapeed shifiing gnitroushipet if graserdatehwhese 400 M/ s.
white the angkRgelmabarfdl b SRS Ak AY Il gher than USB, | EEE 1394
enpl oys 30 wasteful Speed shitting and 1s a relatively costly technol ogy.
Another possible 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 s substantially higher than USB, IEEE 1394 employs

30 wasteful speed shifting and is a relatively costly technology.
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-2 WD 01/08019 PCTIUSOO 10930 The performance of a bus can be

si gni fi canwgolaBdiect ed by speed-shifting, waiting for a RGE/USE/LEOf or m
transactions at a lower data rate than a host data rate, and the ratio of
the host's data rate to the agent's data rate. Thus, it is desirable to
have a host contyiRlb@smARG d¥fa by PanttRalgniichMYy AR BY ¢l QR t he hi gher
data rates 5 required by today's banc?vm dt h’i ntensi ve systens while

al | owi ng bawkitiag for e buiptetiedpmy trgnsagtions giradowstidataratg thaolahostolata ratsich as USB,
and w t hout i n , | es.| mposed speed-.shifting and the
ot her di sadii‘/nraam{%ge%gg?@ﬁ Séstb‘??é*{r%g%%% ég%%wge@as%ﬁee %@e‘g'sbdgswﬁ%‘ﬁodat arate
syst ens conhaveiahadticogroliei dndlophulstldibralloatemiemicaten dalse Higen dsestdsi bed above.
Anot her issue faced by, conputing systens arjses 10 fromthe nultiplicity
of bus prot G8red by &edays banrtypidibyintepsive sxstemsyhils allowang bagkward| |y, a  devi ce
manuf act ur eghd QRRE AkEpre & RGN HABEE sWihlal URBO MR WuPhRling'th phy N0t oper ate
in accordanceﬁvx,ijtﬁ’l_’a iff’éren ot.)u_s p’)rsot ocol . ’_It may be \/\l/]aég'EJ %{H to require
a user to othe peraitiegampgosetlipy speed-shiftioy pedethe gthepdisadiantagas ef thé pmiérfafter ences i n

t he protocol. re_ther i l.arge base of devi.ces .peing used that have
2 St 1 oant ecHromiErr ) Fpf Bl RE® bR BRI D AREE D devi cos
to be used ddvidss Rasbeedesiribgd sty e Mnbihatisshasaced bWwesmputiag b ysednlsekis@nd/ or an
associ ated hub that provides backward co tibility to the protocol of the
| egacy dévi w8 thesuipliqry of dysEctPiRie _?‘S‘ng‘g) hats? aiatgble. ol wicaliiodi ment  of
the invent i ki@ iRAAHrelH & ofePI M HcERAnBIwitl Abas potoRsl vl odetudgSCr | bed.

The nmethod includes the step of buffering a single transfer request

recei ved at acgorndesive wiithiardiffesent buhpratocelo At mast beswastefi do reghiramusentonygt
controller, : ' j pefd or red bet ween
the hub andiay Spliaf GURE fnbl MELE of ERaRL: ind BBl MIRHIER dos T he
step of detrrrarge tuge 25dewnives budng wed thatisive n signifiuant ¥coneméd Medt mky bdie hub from
t he host _contrqller corrcgsé{')aonds %o the result. Brief Description of the

Dr awi ngsls- JdeoEntde e gHew su ViE9sde e 169 Jyyth a computing system that has a host

controller and/or an associated hub that provides backward compatibility to the

protocol of the legacy devices.

Summary of the Invention

20 According to an embodiment of the invention a method for communicating
data using a hub is described. The method includes the step of buffering a single
transfer request received at a hub during a transaction between the hub and a host
controller, where the single transfer request is to be performed between the hub and
an agent to generate a result. The method then includes the step of determining

25 whether a transfer inquiry received at the hub from the host controller corresponds to

the result.

Bref Description of the Drawings
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The present invention is illustrated by way of exanple, and not limtation,
in the figures of the acconpanying drawi ngs in which |ike s denote
simlar el M?H@?éand in which: Figs. laillustrates a br%ﬁ%ﬁ%fam of a
digital systemusing a protocol in 5 accordance with the present
invention; Figs. ib, le & Id each illustrates a process showing a nmethod in
accordance w t h THeipsesprivrventions flustraseskhyoviyod exanepld endueas imitaties in cont rol | er
and a hub; F,g..le i . b in_ aeccor. it he. sent
Mvention: FirageBsbihb R RbERinR apitug e ARERTRPREG S dabS AP ITC
control | er asdmants, kd uthich: espectively, performing a transfer in accordance
with this inventign; Figs. 3a & 3b. illustrate state machine diagrans for a
host control | er g2 ‘lﬁ’étﬁﬁtesraé’é%@ﬁg&aé? of 2 Hgitd BYStRMEGIngforeiese! it ansfer in
accor dance Whtch. dbtbe St ERbdeMNnvenfibfS. 4a & 4b illustrate state machine

di agrans for a 1host controller and a hub, respectively, performning another
transfer in accorKigndb, \si& kd edvhslhistrotens proeess shb®/ing aysethdshin@c®bdantd ust r at e
state machine.di.agrans. fer a host controlle nd hu respectively,

per for mng. AREHET mTPRR P AR RbrGRRRNEE Rt PBLer O i o i g, " 6a &
6b illustrate starig rakBtraes Fhdh attrdadte withas preS@aninkeltogr and a hub,
respectively, perform ng. another transfer in accordance with this

i nvention; ~ Fi gs. Figh 2287 {iiziasait wading degraiPraiost eagialie 2rof a host
controll efy apd, fesglrilid peltGRRG tMSteYin R AL APHANRIAGE,; L ransfer in
accordance wth this invention, Figs. Sa & 8b i1llustrate best case and

wor st case franesFigoBa &aiteillustratestade mathine diagramrsdfanckosthiantrolidtenga esent
invention; apd Fig. .9 .illustrate tim ng.di agrams for, host controller-hub
{ransact | onaniirerRstth gent i elet e 38Rt FinBRSLEPRRE on A met nod
and appar at us f orFigoaRBNMICiaLitAE e Medihaalidpesis fondhat @atbiher@s (agent) is

descri bed, where the agent communicates at a different speed and/or
prot ocol t haPHbs FREPSSHYAY. PeRPrng angihpiinslsr Basrdanes with thisgpvestiphoses of

expl anatign, 30 wgﬁgg&%ﬁﬂﬁﬁ}a{és&t%&&ﬁﬂe%i&fﬁnssf@:talfxcﬁ{ {dAubiferQhglgr tO provide

a thorough understandi ng
hub, respectively, performing another transfer in accordance with this invention;

Figs. 6a & 6b illustrate state machine diagrams for a host controller and a
hub, respectively, performing another transfer in accordance with this invention;
Figs. 7Ta & 7b illustrate state machine diagrams for a host controller and a
20 hub, respectively, performing another transfer in accordance with this invention;
Figs. 8a & 8b iilustrate best case and worst case frames for data transfers in
accordance with the present invention; and
Fig. 9 illustrate timing diagrams for host controller-hub transactions and
hub-agent transactions.
25
Detailed Description
A method and apparatus for communicating between a host and a peripheral
(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,

30 numerous specific details are set forth in order to provide a thorough understanding
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-4 WD 01/ 08019 PCT/ U500/ 10930 of the present invention. It wll be

evi dent, hewpoi@serdto one skilled in the art that the preszmusoi/n®dnti on my
be practiced in a variety of bus systens, especially serial buses, wthout
these specific details. In other instances well known operations, steps,

functions J . . A1l id. ry t he
i nventi on. a&gh%gﬁcgﬁﬁﬁglﬁ%n%ggg%%egﬂ h\% %;’6%8%%\§gg§tlrggé&§it%%qleer m nol ogy
commonl y  eprpdestieckntign tnhp beprasticed ach vanietylof bay systems caapacejlytstdal subst ance of
their work to others  skilled,in the art, such device ar controller

i ver o buSe WHBSE ted el apas: (a6l iR syl K SoRgRArS. and. so

forth. Al sogeRaubdiodf addtRvidESHEE hdtlsh@rh Widrder 8 $Rid¥bsdRinRiESiBMRibni N terms of
operations perfornmed through the execution of programmng instructions or

initiati Ag the functionality of some electrical conponent(s) or circuitry,

using terns suc -1 NG, ' ' ﬁﬁ% j ng,
schedul i ng, tra%gﬁ‘l?ﬁt?ﬁg%sgﬁoﬁ?%ﬁ??ﬁ%,g&gegd,g{sngq%ﬁﬂo \/\cg S‘ﬁjderst ood by
t hose ski | éngdoyed by timsaskilledih épartap esrvey tresubstdaee ditheif evrktobtetsect ri cal or

magnetic or ti.cal 15 sjignals capabl e of. being stored ransferred,

conbi ned, aﬁ]falaegf’h@‘F\?desé‘c_ eﬁﬁFﬁf%&“_"ﬁ?ﬁF&ﬁﬁﬁ bé‘?%}quf E”&F°ﬁﬂﬁ3’8[ﬁ%nts_. Vari ous
operati ons s labenRCorA8&H, ahkeeh Bh NUIsh] ks ofihe aéRfifticnl WwilsB®ef or med in turn
in a manner that is nost hel pful in understanding the present invention.

However ,10t hisessnigé in tormsRi seerriinrs pprfermsd fuoughitheexeeiontof programming i nply t hat
these 20 OPGL AL br ﬂ'{itgatﬂg glﬁsfﬁﬁcréi'oh&ﬁtpﬁf Joﬂ{e@?e%icgl 3091289& ort hat they are
order ~depen ast

presented, or even ent. y, repeat usage of the phrases
"in one enmbodumgsidg téims sach asepdsfodnimgsending, procadsingy, pakagisg, enbodi nent , " or

"an al ternat odi nent" does not ecessarily refer to the sane

enbodi nent ,chquﬂg%érﬁ“ﬁ"E‘&Wﬁyc.°n§g‘ﬂlﬂge“’% 58 °M &eﬁé‘f‘g‘gﬁﬁmﬁyp%ﬁsedi agram of a
bus using akRletPMme art] hesd GHEHEELHS Eke theFoMh bﬂlédﬁ@capéﬂﬁﬁgkﬁd sbephtdion. Bus 100
i ncl udes a system 102 having a host controller 110 ich is coupled to hub

120 whi dA isigrals cepable of beine s@redptrangterred, ropbineg and ethervies anipulated has an

associ at ed gleybe8edfity 8smpdhend Nat executes on system 102.  Exanpl es of
agents include caneras, conpact disc players, speakers, m crophones,
Various operations will be described as multiple discrete steps performed in

turn in a manner that is most helpful in understanding the present invention.
However, the order of description should not be construed as to imply that these

20 operations are necessarily performed in the order that they are presented, or even
order dependent. Lastly, repeated usage of the phrases "in one embodiment," "in an

embodiment,” "an alternative embodiment,” or "an alternate embodiment" does not
necessarily refer to the same embodiment, although it may.
Figure 1a illustrates a block diagram of a bus using a protocol in accordance
25 with the present invention. Bus 100 includes a system 102 having a host controller
110 which is coupled to hub 120 which is in tum coupled to agent 130. Host
controlier 110 has an associated device driver 105 that executes on system 102.
Examples of agents include cameras, compact disc players, speakers, microphones,

video display devices, scanners, and joysticks and mice, among other devices.

30 System 102 can include any digital system capable of digital communication,
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video display devices, scanners, and joysticks and nmice, anpbng other

devi ces. 30 System 102 can i ncl ude any digital system capabl e of digital
comuni cat i ofO 0188190 01108019 PCTI USOQ' 10930 especi al | y FFAEYH 0 mput er s,
desktop conputers, servers, set-top boxes, entertainment systens, and gane
machi nes. Consequently, this i nvention can be practiced wth a variety of
di gital devi emciaii;j laptop cqhuadrs, deskroprbmatten)servEwpsedidp®oses] O a and 101b are
drawn in Figure l.a to rOV|d a frane of 5 reference . as to the direction of
comuni cat i o EHINGET ﬁ%t% gﬁﬂﬁ"’éﬁgm’éggﬁf‘seqh\eﬁ‘@y’ 45 WERUo8152% Pom t he agent

to the hub a@ﬂc@d&d&r@thtahanét%fdxgﬁal Héﬂi&%ﬁ Bzgxtﬁ%o&xﬂx‘ém%ﬁahream direction or
upstream (in). The direction fromthe hos% to the hub and on to the agent

is referred to as Wﬁ'é”@t’ﬁ/\]f%@Fr@alﬁllbiWﬁé&Wmanrdememitmﬁqf Host
controll erg Béf%’rgr(ce%gg tﬁ@‘%%#ﬂ?r&%f%?m%g%m Catolflg Q\ﬁ 8%2’6}8“!% ggcetB%O]gf; 10 bet ween

al ong bus 10 an appfica stem 102)
by processi ndirgsiok &bs tkmfagemftmmtdbmdiestheﬂﬁﬁt if ﬁferﬁ@&rﬁs tﬂe?ngasm schedul i ng
the packets for. transm ss r}g erRt%/%{contr Il er Host controller 110 sends

data to and FRUER OePsieemyl frstien I%ﬂ%fah@é“whzihﬁhbndl%"%ent 130

comuni cat esagh: @ refbirddl 16 hEME d&ﬁnsh@éﬁ’@leéiﬁgﬁorr(ﬁ:%st(eagﬁgﬁtwata rate) than the
data rate of host controller 110 15 (host data rate ile only one agent

i's shown coupl ed Hest m}ﬁoﬂﬁwﬂvﬁtmé festlitatesmmmappatientor triragctiaddi t i onal agents

(not sho t 0 .ot her hown). These
addi ti on agen Qleal ?bg%rmu Hglaff%? ﬁ%aﬂ?g)gatuoﬁﬁ’feﬁuwﬁoé‘ sﬁ& Hﬂ@ agent data
rate. Furt hebmbe:ssmglpdcketageni’orrﬂa&nld&tﬁbwmﬂagdﬂumoehﬂd'%éhehluﬁglﬁ’eo it may be
coupled to hu t | east one_conventional repeater type hub that

12 thro
20 oper at es Eﬁ“? g’&é‘ésﬂ’t‘ a0y cprtodler W0 Slovisrpird)isal 1 & sepdsdatario egdhe hub

repeats si gn@h&véstdatarf@mgwamamhbﬁhumﬁd e @13@3%%@&%&99&@”“ ream ports,
and vice versa. The conventional repeater type hub may 1 n turn have one or

more agents differeatardesyredate sate (agent Higs tate) dranitied dagrratk DOhasncbnagliert1 1030 have a
T S D B TS SIS o5
responds to appepessha alididenat spents QR sHotkin) BEMRIatthdhied to&ﬁﬁﬂz@or to other
hubs (not shown). These additional agents may communicate at the host data rate or
the agent data rate. Furthermore, while agent 130 is shown coupled to hub 120, it
may be coupled to hub 120 through at least one conventional repeater type hub that
20 operates at the agent data rate. A conventional repeater type hub repeats signals it
receives on its upstream side on its downstream ports, and vice versa. The
conventional repeater type hub may in turn have one or more agents 130 attached to
it.
Host controller 110 and agent 130 have a master-slave relationship which
25 means that the host initiates typically all data transactions between the host and an
agent; i.e., the agent only responds to requests from the host but never initiates a
transaction. Hub 120 has store-and-forward buffers (not shown) that allow hub 120
to temporarily store downstream information received from host controller 110 and
destined for agent 130, and to temporarily store upstream information received from

30 agent 130 and destined for host controller 110.
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transaction. Hub 120 has store-and-forward buffers (not shown) that allow
hub 120 tewd@mpmparily store downstream i nformati on rececTdi$od/1003m host
controller 110 and destined for agent 130, and to tenporarily store
upstream i nformation received from 30 agent 130 and destined for host
controller 110. sin& M€hiQ36 @ROAR Erdrol2AQ0 LORBnicatt BCAFAYR Hatakgs and host
controller I 10 conminicate at different data rates, it is desirable to
enhance t heitéf desicabilete ephﬁﬂé%@h sifectiyn throughbutonisiye lpm@mmt‘m@naa protacobol  t hat
woul d al | ow,h 0 1 hi gher data
rate and (%9&&#8%&”&% ?JMJD léLrOl IPQ? gés%ﬁ?lr?ge)’sl rlg?ﬁeﬁ‘g%alf eé&*‘%é%%re engagi ng
i n anot her %d@maﬁammmTMemﬂie@ﬁoin apknttlBe bpoaspigihgimenbthen al | ows host

controller 110 to tagke advantage of the sto -and-forward characteristic
of hub 120 fransa?qoaw%mwm@t oF U PR IMAian §ovs RO FOGHRISAd b0 Weisket 5. i gher

data rate apgiahQ %ﬂﬁélﬁokﬂn@m%rchaﬁa&%’?s?@%fhﬂmwﬁtaﬁ&dﬂﬁfho\ﬂa' ting for a

response from agent 130, if a response is required. The protocol of the
present i nvecm’ﬂIOB#r ldpgmco@lrom@é%atrﬂ@lbwpmwmmd KCengagei inlndthery t o
transacti on [ ub 120.. Additionally,
t he host co;flr Hog? @ge%%?ﬁéﬁﬁﬁ%fo?fq %sﬁg Serré)gleaﬁ?ntlalggeg %ﬂmgﬂow i ncreased

ef fective tka"qeinghmhb pmmmha‘tbuﬁremndmpémmdrso providenssbdsthés pad1Si veness to
agents (not at.co nlc e at the host data rate and that are

att ached® orqll‘ﬁg‘ﬁtféﬁt'?)‘isaaiﬂ“ﬁg etYSe“r—‘PQﬁ?l r L0 pnd hybil28t es a process 150

showi ng a nwdbiqgnanp 6 Ao a&%ﬁeﬂnﬁ)&r i bfShé PREQAL inOthtbRAIGY RALLAt i ng wi th
an agent having a fower (or different) data rate, than the data rate of a

host cont r opffestive thrpughpys an thegps am!smowdvmcaawdwsep@menesprcmgsmsl(mn han t he
host contro e, us
i nformati on%ﬂ %ﬂjg{e%g'ﬁ%ﬁitgv?%eart\ r}mP‘ d(;f%ln?tr%c#l ‘?thg{ %&aé:ﬁaa/ aélélﬁtdq%ro For ease

of 20 under stharitibsig process 150 will only be described here with regards to

a bulk oyt tra .fer. wever roc 15Q can e used with ot her
i nf or mat¥%on tra Hg'éséréfeﬁﬁe‘? cﬁséeizﬁﬁhwﬂ’égﬁw Pﬂ“laa"ﬁ?f pacg §itht r ansfer dat a

is transfer &mnwnqam tvaa&mmﬁ@iaitrdglwlﬁfanlag&nmwgg@mwel@S} diff@erdtpdhtal 20. The bul k
out transfer is defined according to an enbodinent of this 1nvention as an

asynchr onou#ats, thgn dhecdatargts of a hpshequirolles. (The agent may also have a different
protocol than the host controller. Process 150 can be used to effect a variety of

information transfers between host controller 110 and agent 130. For ease of
20 understanding process 150 will only be described here with regards to a bulk out
transfer. However, process 150 can be used with other information transfers
described herein, below. In a bulk out transfer data is transferred from host
controller 110 to agent 130 via hub 120. The bulk out transfer is defined according
to an embodiment of this invention as an asynchronous transfer type. However, it
25 should not be concluded from this definition that any bulk and/or out transfer need
be asynchronous.
At step 152 in process 150 a start split transaction is performed. The start
split transaction communicates downstream information from host controller 110 to
hub 120. Some of the downstream information communicated to hub 120 is

30 temporarily buffered in hub 120. The buffers in hub 120 largely behave in a
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25 shoul d not be concluded fromthis definition that any bul k and/ or out

transfer ne%oﬁﬁﬂ?synchronous. At step 152 in process 15@caustoandzesplit
transaction 1s perforned. The start split transaction comrunicates
downstream i nformati on from host controller 110 to hub 120. Sone of the

downstream i nf or.mat i on ni cated to, hu 20 i 0, orarily buffered
in hub 120. FHe! qﬁf%‘B‘ﬂ‘ﬁ%“’%{ﬁg|a%?rd§%‘i‘§e%%‘r%??}ri%ﬁ‘a’lége-‘7' 61/ 08019
PCTI USOQ 1093{he dtief &b dbvwinstredns Inf@rbridnRik b&ferfmRte 120 mifdmay Shubeent bed in
greater detail below. Sone time after the downstream information is

buff ered, hubrasggtiqrepeiohern)avitagenddhbased pmspmecf therpuffatsd JeWBWT™wi t h agent
130 based on 5ok, h iierlild ShAH PRYRSLRA Wank UK HBBIbe HRiLER] AL 1 Ve

timng of the -agent transactron need e described 5 herein because
one of or df nakseirshecise bie dfbedizarg skibinl the arewogd rwegititratbatitns s ans an

application or |nplenentation. detail. far ich there are.man
possi bi liti esaPI.’hm on ‘Pfd’ﬂpgﬁléﬂ’fmotnr ﬁgzg‘?:rt‘?c'hﬂﬂ‘m‘ﬂg)‘? a.?eéga(ﬂytpofsf?’lffb?t ?Lé%m
I nformation bghngeddubdseitRd nia) ruR inhRueamSARmbidibeRbbafelet & HBWIET r eam
information is buffered, at Step 156 a co.ngl ete split transaction is
s

per f or med. THiemedims afieeths gownstreanniniumeiianis Sufitieh podtre OB FPIEleEdPID upst ream
| nf or mat i on ft{agna?.c ot bls éé’?ontngd.hﬂisetco gmers?fﬂbt?arn%ajcégn c uh%xr{i]&kegﬁhi‘f ed ! M NQ of
IR not be describe

the conpl ete 'sp fansaction nee SCri erei n because one of
ordi nary 18Kiupbtrdame ihfoemaioh faeouiutl 12@ adgsi wetrdlleal 1a. Hits relstiveninapgpbf cat i on or

i | ementation detail .for which there are. possibilitjes. A benefit of
Lhe split tr ARRCOEIASSshit BRswIPn pesdntle qeroriged B SERpTsr o T8Nt o 15
initiate conmyumiig dei8vdusd REJgniSP tat thishiSASHPLEABR oMindplen@ffibn de38] , engage in

another function, or engage iIn_another comunication with another agent
(1 ow dat a r atfer which therglarefaany pogsitalittegent ) at step 154, and then return to

e 1 oY P he s randfBfond A sl b€ Borlolilh 1B, | OV, 3t
rate agent. By communicating using split-transactions, controller 110
communi catgs imtiateicgmdsitaion dtassplit friveadtio?Dwisipeged: SKI, Bigapginamdtheloes not si t
idle while waiti,ng for hup 120 to communi cat.e with ag@nt 130. The tine
that woul d hdVeFtBRER CRIIEHI PHYNH FOMPUBICRURT R 3nothgr 35t (oStIRAREN e wi t h

anot her agentyigy fhAedbddef Rak) Y5, Qe BRA 10l BmPlEAhaRGRuNatiBn that
was initiated earlier with the low data rate agent. By communicating using
split-transactions, controller 110 communicates at high data rates without

20 speed-shifting and does not sit idle while waiting for hub 120 to communicate with
agent 130. The time that would have been spent being idle can be used to
communicate with another agent. In an alternative embodiment in accordance with
the present invention, controller 110 imay engage in speed-shifting with some agents
while engaging in split-transaction communication with other agents.

25 The start split and the complete split transactions (split transactions)
described above may be used to implement a variety of transfer types (e.g., read or
write) for communicating data between controller 110 and agent 130. In an
embodiment of this invention four transfer types (or transfer requests) are defined:
buik out/in, control out/in, interrupt, isochronous. It should be apparent to one of

30 ordinary skill in the art that the spirit and scope of this invention includes other
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the present invention, controller 110 may engage in speed-shifting with
sone agent&, %’Hte engagi ng in split-transaction communi gafiQdshh ot her
agents. R &% ¢ split and the conplete split transactions ?usp it
transactlons) descri bed above may be used to inplenent a variety of
transfer types (e g., . .read or wjte) for comunjcating data between

control | er M mfatsse@@rfw&fsmorq%dafﬁewmrm Brchyofithe transferiypesn f our

transfer tyﬁ}sadés%fér&ﬁlmﬁroffo%qaﬁésg Sr)ehafﬁflgy d6ddnRszilatioR WsihcRidhédsn: _control
out/in, interrupt, 1sochronous. It should be apparent to one of 30 ordinary

skill in thepemtion, terraltdeﬁdweospldrqorre@tm of hepemofunichiien flow,end bther i ncl udes ot her
-8 WO 01/08Q19 P 00/1 0 e |mensvmthf e or different
transfer tygaecte Cl ?SW%E%FP%@gE igfd"t’s%i}ﬁ‘ J’ﬁ?’?f%‘? "ent | evel s of

r obust ness, exampleiilkt diithin p@ymehraﬁgalazﬁich@ﬁousaﬁmﬁhﬁeﬁ @tésn copBBN@tiion, error
detection and correction of the comunication flow, and other

char act er| steiagant {Hber is A PROSHE dHpiap e hentil oBtia alsp PETVIHeR AFWACRIGUS | n t he
art. For S XA o lclnfief | b Blgdth IPoriftiid SoRse ahegnaun. Rt a Lranst ers

fromcontr to agent 130 or in ite direction. Control
out/in al sodapriewipceBy esymbinfarmeticon usd&toepomr@lnhef eperdtiop of elemems(dgra 110 to

agent 130 Or‘ﬁf’s@ﬁ'e{]‘g aé%ﬁ??%%”e dtle‘l;\el(bbl Q Br]pvx ? ?‘rg'%{ glcdétad}/agsfgal ly control

i nf or mati on' t e oper ati tape drive)

i N agent1o13Pord corfitpHrclmO 16)8kent B0 linithie opposite digsetion PEtietlinefeflidhat t ransfer 10
fromcontroller 110 to aqent 130 or, in the opposite direction. If the
transfer i ssufesssfulsepntralertlyp may dnyiaggjninan qn@@“ﬁ%“’cm‘” #eewithdhian enbodi ment

in accor danGeenbhh Nisbdhkchoud Gﬁﬁ%bgﬁxde&%&?{r&ﬂ%ﬂﬁn&é&&? éf?%fie%ﬂi‘ﬁkdjes a data

transfer once every predetermned tine interval ng to an

enmbodi nent tohe mtﬁevaprémrﬁmg w\ﬂemmbofhmmmf the pressfilgnventiay, thectwansfeat any tinme
during the time |rn er Vtziim durm ttggutra[{%gr];ar tlttg not .successful .. 15 controller
110 wil | norflayr%cﬁ%aat MWhe t P an a ?%%ﬁsfe{/é“}? ‘i?&‘?sﬁf&ht in

accor danse wn&alldrheowﬂmmpeatnuﬂfdmﬁn,Intaheltéraaa/rereﬁmedﬁmehflansfer may provide
for repeat transfer The split tr S'a‘lfijl ons may_include, a_nunber of
phases depelaPAYCE N I‘R?PT‘FSF%EYEQPO’% foRgUs tFRSFRHEAY BRVIESh of the split
transacti ongpdByadiftye Up to three 20 phases: token, data, and handshake.

However, depending on the transfer being
The split transactions may include a number of phases depending on the

transfer type being implemented. Each of the split transactions may have up to three

20 phases: token, data, and handshake. However, depending on the transfer being
performed, some transactions may have fewer phases. In an embodiment of the
present invention, bulk and control can use the same phases in each of their
respective split transactions. The phases for each of the transfer types described
above are shown in Table 1, below. Presence of an "X" in a cell of the table

25 indicates that the split transaction for the transfer type has the phase indicated at the
top of the column in which the cell resides. While in this embodiment the token and
data phases are separate for each of the transfer types, in alternative embodiments
the token and data phases may be combined. It should be apparent that in alternative

embodiments transfer types may have fewer, more, or even different phases than
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perfornmed, some transactions may have fewer phases. In an enbodi nent of the
present inv%di@gﬂwbul k and control can use the sane phasgspidofasd of
their respec Split transactions. The phases for each of the transfer
types described above are shown in Table 1, below. Presence of an "X" in a
cell of the table 25 indicates that the split transaction for the transfer
type has themﬁf’Pa‘%léWP ﬁUTQ‘P&t‘e‘Hmé’P‘@qﬁ’é“mggﬁmd\“e YoRRe ¥)1SBITHOf the fisseeh t he cel |
resides. Wiile ln.this enbodi ment the token and data phases are separate
for each of tnhe transfer types, in alternative enbodi nents the token and
dat a phases nmay be conbined. It shoul d Tablabparent that in alternative
enbodi nentss transfer types nmay Handpfiehvensactionr e, or €vmplettiSHieTantactidrases
than -9 WO 01/ @8ad0r Ret! USERed 093Datat hosianddhaen | TokEabl eDdia Wi t Hendbhake
departing froguqmgoﬁﬁ,pggt ?@”@‘d“'s“ﬁﬁ Fig offThexpresentx inventiop. Tagl e 1} 5
Start-Split Tr Compfet -SpTii Tragsact T TT[ansger | 1ypes T0RE
Dat a Handshakeﬁﬁign% |K}§{|uo Yak H-k~—Cofit+ w?df"t 7a ?X /\LBX

Bul k-Control In fﬂf“& QX XX XK “#l!ntmru;t !erXXK
| sochronolfs cut XIstequpbin r()r:lxg)uq ln X X X Figure IXJi Ll u;Xra es_in greater
detail a procebechremusAuiyi ng€a staft split 15 fransadtion for a bulk but
transfer in acchodueross Wit h3an enbodi nent of thils #nventi®n. JAt step 162 a
t oken packet including hub identification information, agent and endpoi nt

identification information, transfer type, ind or f or spemfylng

di rection of tra%ﬁ iﬂﬁ‘sg?tesdﬁtgﬁateéﬂﬁg/ig%\l’r_ﬁc?%1béoa PaEIE AP DN i s sent
from hostis catsh@ioh@r abhik dubtritdfer k2lcorkihte inate Bh bhbsdihbMARS ihf or mation, and
agent and endpoint 20 identifjication information, and direction are

toget her coninyamtipny &t gep K2 & tokengeekepipcluging Aul identHicabRMIp®EBIINg. | nf or mat i on.
The agent | dg&%{ Md%ﬁ&ﬂoﬂﬁ 1&39{1@5&% fn%nﬁ@o%[‘ Hufsfe? %ype, indicator for specifying

direction of transfer {in or out), and data rate identification is sent from host

controller 110 to hub 120. Hub identification information, and agent and endpoint
20 identification information, and direction are together commonly referred to here as
transaction addressing information. The agent identification information identifies
the particular agent with which the host s attempting to communicate. The endpoint
identification information identifies a particular portion in the agent with which the
host is attempting to communicate. Examples of endpoints include: left speaker and
25 right speaker of a speaker hub, or speaker and microphone of telephone handset.
The transfer type in the transaction addressing information is not limited to the types
described herein {e.g., bulk out, interrupt, isochronous, control), but can include
other types known in the art without departing from the spirit and scope of this
invention. Data rate identification specifies the data rate with which the hub-agent
30 transaction described in connection with process 150 above will be performed. For
an embodiment in which the hub-agent transaction is performed in accordance with
the USB standard, data rate identification will specify either 12 Mb/s (full-speed) or
1.5 Mb/s (low-speed). At step 164, a data packet is sent from host controller 110 to

hub 120. At step 166, a first acknowledgement is received by host controller 110
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the particular agent with which the host is attenpting to communi cate. The
endpoi nt  ivgéldsdibcati on information identifies a particylcafus®ideigon i n the
agent with which the host is attenpting to communi cate. Exanpl es of
endpoints include: |eft speaker and 25 right speaker of a speaker hub, or

speaker and_.m Gr ng,of, tel ephone handset. The transfer _type in the
transact i onfrgﬁlg}ugggﬁﬁgthf ﬂ?%??f&?‘i%zﬁ qegoadﬁgf’mPFrrlﬁ l?ye}E:l’tt’tlgot I&Ee fithes descri bed
herein (e. gacknbuleldgemtnt indithts tvhither thesdded WaHRbSHed pRBEAPDY hutPido ggan i ncl ude
ot her types known in _the art w thout departing fromthe spirit and scope of

. P
this i nventibgther it 40 warts tq kecred ffeg é&a-dwbsla(égﬁcf fullduffers andiwas natt e wit h
whi ch the hyhe ?é t 2 dafafinsacti on described in connection with process 150
above will be per (?rma . For an enbodi nent in which the hub-agent
transactison i s pEghorediustrateagogreatamnistilv gricess 178 shisking h@omplett, spiiat a rat e

identification will. specify either 12 /s (full-speed . 1.5 Md/s

(1 ow speed) Fra'}ftagykof‘é%r Jll%'ik métr 4 DAER ‘feswéb"ﬁ]te"fbrogmq‘?z)%ﬁ%font roller 110 to
hub 120. At itbnl@@step 172, asécond RUSSAENing SarksREi6h X@d;eégiﬁg_hos'[
controller 110 -10 WD 01108019 PCT/US00/ 10930 from hub 120, "if the data

packet was HdBgten e fomthehoshtathe bup. Atstepfl7dstsecandknowl edgenent

i ndi cates WQ&%Q@[d ata 0qar__whet her hub
120 wants to be teréég%nﬁate?%?%ﬁ%gﬁﬂro%@qﬁg%lﬁﬁIBE&%%?tsheg?lc(?ng/vas not

abl e t o Hccegknowledgeatznngan efhdri( Yunadudechandhaled informestionreqgivedbg hublet@i | a
process 170_.show co te split transactiqn for a bulk out transfer
in accor dangrgmvﬁg?'ﬁq% d‘&f??;th?e%&ﬁigg%tfﬁaﬁﬁcg"“ "ﬁ?féﬁg Alye impongeeon #ith 5 second
t oken packeFiguhélbieh (RPinticas HAChiorR0adel 5% FEtHve infirRaiBH 62981 drsthsent from the
host to the hub. At step 174, a second acknow edgenent is received by host

control | er Eﬁ%aﬂeﬁﬂﬁﬁnﬁﬂfﬁoﬂ?@“mpémﬁﬂrf@f@@%hbo (@ dbkibrigertgenent can eit her
(1) 1 nel udehandihalkend: Jlietldntitet C thy RihabhhcOitfortafion hlidiea0eNt 130
e ed abo

during the hub-agent transactio cri ve In connection with Figure
1 b or () whetherdl)mgeitdso nudperlP@ceveidatroduripg thelhab-egénn framsagtidnon based on t he

b agent  REREEDERE o nRichBA ol R it bnig Btk Bte Al Bt dingic o
i nf or mat i on(3) agkn¢ BoeiaditHeddhe ih@antédo bRIREE 1akBAVAX O NRRilethé ARehied dat a

during the hub-agent transaction )
second acknowledgements and the handshake information have been described as

specifying certain indicators, it should be apparent to one of ordinary skill in the art
20 that these acknowledgements and handshakes and other ones described herein may
represent other indications. Additionally, acknowledgements and handshakes
different from or additional to the ones described herein may i)e added in an
alternative embodiment without departing from the spirit and scope of the invention.
While the above description has generally been presented in the context of
25 agent 130 and hub 120 communicating at a lower data rate than the data rate
between hub 120 and host controller 110, those skilled in the art will appreciate that
the present invention may be practiced to bridge a lower data rate to a higher data
rate instead, or even equal data rates but different protocols.
While in Figure 1 only one hub was shown in between the agent and the host

30 there can be multiple hubs between any particular agent and the host. While only six
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(ACK),. (2) agent 130 indicated that it is not able to operate normally

(STALL), or (3) agent 130 indicated that it wanted to be j er
(NAK) . Wi | QHEPr st and second acknow edgenents and tﬁé{/h%ggéggéake

i nformati on have been described as specifying certain indicators, it
shoul d be apparent to one of ordinary skill in the art 20 that these
acknow edgenwatster gypeds hevn Hednalessibed) thost $kalledomths adeslt ppiivediaitthaiedthermay

represent other indicatiaps. Addj.tional.l ackno enment.s _and handshakes
different fr Hﬁ\%‘iﬂngaaﬁdi‘%ﬁ‘&“ 4%8&%&%8@8%"58F de}lé%&%ﬁ%? EVE08y be added in
an alternative epRpdrfikes 24, bhod!3b08nabIansh, k@8] 1% 76 fikiritesand scope of

the invention. Wile the above descriptign has general | y been presented in
the context 6pte mpshigediagramdor perfarokng 2 roies yoipeinPesheonvgligiand 2 pefdr data rate

than the dsa;[MgﬁroPéagce Q%tﬁ?gﬁﬁeﬂ%@. mr&r\giﬂh'ﬂls‘ta" Esop&?ﬁl _th%{;v tHelldate t hose skilled

in the art appr eci the present 1 nvention nay be practiced to
bridge a | oweracitdad diagrah dortachost chntgpiiler; tickestate mpciire maydtegadormexd oewest equal dat a

rates but different protacols. Wile in Fi. r.e 1 .on one .hub,.was shown in
between the &Y€ eralﬁg ngﬁﬁ;&i’fm EERIIRY V&’ghu‘t'g'émr‘?ﬂl Iﬂ%’l’?‘ﬂ &8 ween any
particul ar agefix 3R {hB Stalt@Sdchiny Biak@maB! ¥hibt e statklnBnd 208019 _

PCT/ USOQ' 10930 transfer types have been described, those skilled in the

art will apppeéiraedon hdx 128tdatsribed appeasin capnepiéon igFigirendutThelépigr t i ng from

t he scope,pr I-r it [-St. i j , 3b, 4a,
ab. sa ol Rl Gl TlinsPHEl By AR Pho R oy Mool |

per form ng abt appashethatssinagf the figstmaydrtdividdantoamae sunstnsisteps & accor dance
with this i nven%.i on. Ej‘?ures wi th an "a PSS tﬁ suffix sh Wt}hhe state nmachi ne
di agram for SORHEE RGIeYHIsteRs Withqih deppriing oM A? SO SRR 8EH0r med on host
controll er 1iQe0RaCTH 0 RROMWRS hid n6OREELEH it URtailFb@uise ter. Figures with a
"b" as a suffix show the state machine diagramfor a hub; the state

nmachi ne nay Beeratips shaidrarppareniie onexy ogbinay piab i e el rsae@hinecti on with
Fi laye T i i|] ' ' h
tgure lag Gf?de?gta?lhﬁﬁltg? gx%g{%éég ??rf%{neg E% %é&@bﬂl&hh@é‘é nfatl RBrBeq Show

processes having nu e apparent that sone of the
steps may besehamtetie dSined the procespasroed bg tlepmtaomachteanbpeneelin tmtdomf ewer st eps

ot oD O e Seoie A Spl Lol S VST Ll T 2t
steps in the other process), the description of the processes are interleaved to
facilitate understanding.

20 Figures 2a & 2b illustrate state machine diagrams for a host controller and a
hub, respectively, performing a transfer in accordance with this invention,
specifically a split out bulk/control transfer. Process 200 and process 260 show the
state machine for a host controller and a hub, respectively. Process 200 includes
start split transaction, having a token phase (XOUT) and a data phase (DATAX),

25 which may be repeated up to three times by the host controller when timeouts occur
during the phases of a transaction attempt between the host controller and the hub.
In response to the start split transaction, process 260 will either propagate through
states that will accept the data (ACK), respond to a host controller retry after a
communication failure of a hub handshake to the host controller (ACK, don’t accept

30 data), request a host controller retry due to lack of space to hold the start transaction
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operation shoul d be apparent to one of ordinary skill in the art. For ease

of 15 unde @ﬂ)g the processes perforned by the stat&dfarbsies are not
descri bed separa eI y. Since the processes perfornmed by the state rrachl nes
operate in tandem (i.e., each process has steps whose execution depends on

t he occurrence of events or steps in the other process t he description
of the proc’égﬁ’éét‘%r@lwfc‘gﬂ“?&vfé@"PG“F"a‘(’:‘P?SI PrcessA8shavshabesy. 20 Figures 2a

& 2b ill ust ler and a hub,
Eo%fr@lier?és e IR tEl A0 Erat R cfol o W%g&&,ﬁ

respectively, performng a t ansfer I n accor I'S i nvention,
speci fi cal Ilget\aeegplhq hub@nd agsat Wiscupdessfullyt pramsed(Adﬁnoejezsmlﬁeﬁrl aNdKpr ocess 260

show t he | a _host an d a ectivel
Process 20 euaé (]Qﬁ{(g( rfceweiimt“ dlc{: ?ttgeha r’l’(ﬂgb&? [ﬂéﬁﬁ *“BRase %/XCIJ' 1)
and a dasa mimsl@ (smmmmastmc&ﬁplmbp&emwemge&mgm drHEERIN | mes by the

host controller when tineouts occur during the phases of a transaction
at t enpt bet AdE fesppnse Hﬁ%%on@c?ﬁwcé‘r‘onaﬁqﬂurfﬁ%d Keifted in wp fodBse HEOEOUH t he start

split trans | | LRHABoSt at es that
wil | accept%%egc&}léet@g%%\@%grﬁ%s%ﬂgnénfég&gﬁ%gg{lpco trofé gr retbtry after a

conmuni cat i woceks2q0uvil egher andcate thattkstrankastibn betiveerhths hutcanitthobdesr ( ACK, don't

ol ot ho stk For R ATYER <S35 ol R et AR BEABE ¥t or at t on

(NAK), ap t\ivmcruﬁspuaimngluieaanﬁacmsbetwémﬂém?a@euﬁw the host controller

response to, a corrpl ete spl.it transaction (XIN) when the transactlon

bet ween the hub Figresisk %suéﬁégé%@Fiquf‘%%éggébosfw eendaresul ted in
a NAK  fronhhgsefly, bRl ngrﬁﬁﬁhrvt?glsﬁpm a@wr&ﬁrcw,ﬂhmgrnv&m agent was not
able to function 5 normal |y <( , was not yet conpleted By the hub or

agent ( NYETpecifieally aaplitont mtenmpfstramefspd?rg@mw and processdlnhavetthon fail ure and
resulted in t#ﬁma&meﬂrr z% hosL nengrufl%r amtl) erh Ir%ﬁgcrgl%ﬁlpg léoggssgéé %illq%ﬁs ar]d hub. In

response tO e Co ransac %I t her

i ndi cat @5t hadrt §p|['i€trirfsﬁdﬁ$ﬁ10!‘avmg albekepRase (ROUMYndardhtd fHase@AtAx)has not
finished (NYETI% 5 ovide an indication q({ACK NAK, STALL% of 10 what
transpired Y é‘m(rﬁ%eafefl ¥ dhehostonpalerderuseascaitine inen srhodimentite Fi gures 3a

& 3b i1l ustihRbBptTublrahsfRE MM AR M Reddtot Be APSkedGPREY R bilcedRY 2
on the first try. In response to the start split transaction, process 360 will either
accept the data (ACK), or do nothing. Process 300 shows the host response to a

20 complete split transaction (XIN) when the transaction between the hub and agent
was successfully processed (Advance), received an indication that the agent was not
able to function normally (STALL), was not yet completed by the hub or agent
(NYET), or the XIN or its response had some communication failure and resulted in
up to three timeouts between the host controller and hub. In response to the

25 complete split transaction, process 360 will either indicate that the transaction
between the hub and the agent has not finished (NYET) or will provide an indication
(ACK, NAK, STALL, NYET) of what transpired during the transaction between the
hub and the agent.

Figures 4a & 4b illustrate state machine diagrams for a host controller and a

30 hub, respectively, performing another transfer in accordance with this invention,
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hub, respectively, performng another transfer in accordance with this

i nventi on, ecifically a split out interrupt transfer. 0 and
process 360 %gﬁwﬁ’cghe state machine for a host controll erE:Ii))%‘(gaﬁﬁ??(3
respectively. Process 300 includes a 15 start split transaction, haV| ng a
t oken phase (XOUT) and a data phase (DATAx), which is not repeated by the
host control Is@ecima&asditagbim@imgﬂtmdnr rbrgshi 498 and prioeess #6ft showsife out

f b ful
LreneTer | BRSO DR Chy Pl SRR Habdsihguith succesery

Y Y ansact i on process 360

Wl either g ReCHBEridigtigathaviadétoken ﬂras@b((mr)mnagdat%memtmefshows t he
host response to a 20 conplete split transaction when the transaction

bet ween t he Hutchidersgeht mwa%‘*@lﬁe@e‘s%mﬁlwdwﬁ%@%é@&ff@mme) recei ved
an 1 ndicat s ofobdithe ﬁb&%%ﬁﬁneﬁ@%&&s 468R6w! ﬁefnmat O 1B SR | d¥ea( STALL) ,

was not yet conple b or agent (NYET), or the XINor its
response had ts bmbdmndndmtcatuitmfe sfeetldneltoemmnnﬁze @ﬁdﬂﬂgdﬂu:ﬂed inphethwbt hr ee

ti ts bet t he hpst d to th
compl ot o pl {1 RehrauBYT ot 237 beass eBe  prv el PR BT Bl e
transaction pgiMesand Methitasesdach dpliestageMsadtng isy@irkéd witts AED, KROINT) or will

provi de an indication ACK, NAK, STALL, NYET) of what transpl red during
the transact |MWWV\E@WSF%@WHQBUW detre Ve AcommppGios filirehaah i | | ustrat e

state mac hb n%a er ?H@t :rgc%fve% dQQ%éctlgf?g‘lttﬁgl:ArFerct %&%ﬁ@e IﬁQeSEM’Be td the pectively,

perform ng ano rans i n accordance Wt I's 1nvention, -13 Wc)
01/ 08019 PCT ktéﬁ(h@liﬂi%?.ﬂ:uom pecessid6@ivlyacausphicta dotatpaylsatimvmgoos datz ansf er .

P 400 d 460 sh f host troll
and s hub, r SSHieBREER juo SnteEeds FRCTh B e e betbore Qe Pt Pansact | on.
havi ng a tokqgggmqqﬂjwmm ENIR®t a phase, neither of whichis

repeated. Process 400 does not include a conplete split transaction 5
accordi ng to an eRigyaesiak Sbjuseus stategmching Siggramp for ghigstcanteilerandtar ansact i on

data 0 e SUBdelRfy DERrIHE RS LRREL R BRolEnd U ThE SRHld:CT | N

reqw red in ost contro er can sen next section of data
just before tspecifiaably negldsn budk/serd! transfet. dProbess S0Peant! prdcess 569 dlowaslez each split

SR (TN TR KN XM= R R
start split transaction, having a token phase (XOUT), which is repeated up to three
times by the host controller when timeouts occur during transaction attempts

20 between the host controlier and the hub. In response to the start split transaction,
process 560 will either acknowledge and accept the transaction (ACK, accept xact),
respond to a host controller retry after a communication failure of a hub handshake
to the host controller (ACK, ignore xact), or request a host controller retry due to a
lack of space to hold the start transaction information. Process 500 shows the host

25 controller response to a complete split transaction (XIN) when the transaction
between the hub and agent was successfully processed (Advance), received an
indication that the endpoint is unable to function normally (§TALL), was not yet
completed by the hub or agent (NYET), ignores data received from the hub because
it is corrupted, or the XIN or its response had some communication failure and

30 resulted in up to three timeouts between the host controller and hub. In response to

{4



10 caused it to not receive a data section in the correct sequence. In
response twotoyesorst art split transaction, process 460 w pCTasmunzbate a
dat a payl oad having one data section (ALL) two data sections (BEG N,
END), or thr ee or nore data sections (BEGA N, MDDLE...MDDLE, END). Figures
o S Bt e SH RGB! AScll 360 TPehBl indiolie gl ﬁ.%gﬁﬁs%o%r and a 15
hub, respec |ve orm ng anot her trans I'n accordance with this

i nventi on, bes\pmltﬁdtmhlahg/ﬂmagmhasﬂdnﬁhishéd/(bbmmokwmmstﬂeanmBrom@ss 500 and

process 56 ate machi.ne for a host contr | ler apd a hub,
respect i ve&ff{}gﬁé‘iﬁ"%@"ﬁﬁﬁpﬁa during the fransptiop bF‘i“’éﬁ% {Sﬁ“‘ﬂg%vi ng a token
phase ( XOLJehlpoihbidand the SR eteRed HBm!tRe AJRRESY thé hilRd tﬁ)e/m;sh&nt}eﬁér controller
when tineouts occur during transaction attenpts 20 between the host

control | &r and tiiguresén &6 ilesitatersinse machinecdiagrams fos p host centepllsmandiaon,

process 56 ckno C h 9 n (ACK, accept
xact), reg}bu\(‘)glh%fsqe%{“; nﬁé oo "angﬁﬁ%?mﬁ@%{ i &g@?a&ce%@éﬁm@ﬁﬁﬁtﬁ% on failure of
a hub handsdpatificallya spliten hmrtup(:tmtsfeml Pmrces@AQ]Kand moase660ashbyvs thektateequest a

"ot or mat i onPaBsdaResImERand b aSpe i RrER A B (o A
gent WS ot F e Cat fon That
t he endp®i n&ransgctlgmmcesStGéOm&héﬁcreﬁrthmarmwop (qesrppredt). Ripess@0 shews conpl et ed
by the hub hub because it
IS corrupt egg hgs??e?é]mg%xﬁg&mﬂ 1&@915@3%%%@0:{%&2%%. %%%%s%%}%at lon failure and
30 resul t edbdtweenphd lmbtahd egent waesmatessfbidy proesssdd{Adiast), roeiveddnl er and hub. In
response to. 01/ 8019 PCT{ US0Q/ 10930 ete S

transacti on" d'ﬁ?‘&’@éﬁ%} %“f s 'éqttaﬁ ? &H&?‘H’aﬁoém?lry ‘tﬁm ’t"i"ﬁr‘i‘g |on bet ween
the hub andc&ni}ﬁe eiitﬁﬁorfagént $}1@€Le(vBB(EII)AI©frthﬂxé agehtQWiAS, an i ndi cation
(NAK, STALL) of vvhat transpire uring the transaction between the hub and
th het end?oﬂﬁn“&kﬂs?ﬁe{fﬁﬁag@é@; ﬁéélas@agﬁgamﬁthmeﬁwmagwqq&f hub tofthe
ost contro A h W8S agrans for a
host contro'{ h‘gerSt(a%?g ‘%ﬁ respec%slrvS Y, hperfn%%%hﬁ% ano%’ g‘r Cransfer in
accor dance am'dtrhsuttédmupmﬂ:xﬂenmoutssbpﬁmethebadtlcgmmllsmlves upn i nterrupt

transfer. Péo%n%?n?cagggo with gxeelrggn N rcs%ggse to 818 comlr:o]lete splat transaction, process

660 will indicate that a timeout occurred when the hub was communicating with the
20 agent (NYET), or the hub didn’t received the start transaction for this request and
had no corresponding response information (STALL) or provide an indication
(NAK, STALL) of what transpired during the transaction between the hub and the
agent, or send the data to the host controller.
Figures 7a & 7b illustrate state machine diagrams for a host controller and a
25 hub, respectively, performing another transfer in accordance with this invention,
specifically a split in isochronous transfer. Process 700 and process 760 shows the
state machine for a host controller and a hub, respectively. Process 700 includes a
start split transaction, having a token phase (XOUT). In response to the start split
transaction, process 760 will accept the transaction (accept xact). Process 700 shows

30 the host response to a complete split transaction (XIN) when the transaction between
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machi ne for a host controller and a hub, respectively. Process 600 includes
a start split transaction, having a token phase (XOQUT). In response to the
start split WOOSHsaction, process 660 will accept the t PATE5RYIOH] (accept
xact). Process 600 shows the host response to a conplete split transaction
(XLN) when the transaction between the hub and agent was successfully

processed (Advarhgehnd igemeﬁaseﬂbcaqsﬁlllylpcﬁcesaedmatllﬁ@tdatah&sééﬁipemmbdi s not able

to function noqr ly (ST, not ted by the hyb or agent
(NYET), recei VEpayangale "F"?Aeé?rzst"'}?ée tr‘?t“’% ag%g fSQE‘f“I ff’&‘i%‘é*ﬁélphase if data
received i s ap.ag€8kor &letY a 8bmMb8 O] Yii RHSD b @R 8ok RIS ARt dri gnor e
data), or the XINor its resgonse had sone communi cation failure and

resul ted in upad eyctihredendaiqysbenkonibs agent W)mghultmnbﬁemlwmthgﬁgﬂeb up

comuni cat i ng thea n ln.r th lete it
transaction gﬂ' ﬁﬁ%—[&}g)s In mé%%%e b q'e T ?3559 Fﬁna?cngnwg& ceS?:%@rp‘?”eld when t he
hub was comupideate theg divla 'td&e:tiéthrcﬁﬁ) thaggeﬁ: h{d\Yhzl)cyclarreduddadey bhatk NAK) r ecei ved
the start transaction ,f gr this reguest % had cqorrespondi ng response
i nformati on ( STRE pgenpgid ‘bfﬁéﬁ%a%g “&%ﬁ dad ne NE@(‘“"‘B‘EFNHE’W BF what
transpired du%rﬂﬂe&@ﬁ:ttér%&?«ﬁﬁé Hé?i‘totiﬁéﬂ@%bn&@ﬁ‘er@%r%{a@Eahﬁgeaﬂ @08ns. or send
the data to the host controller. Figures 7a & 7b illustrate state machine

di agrans for aaSHmsrtreummﬂdr(BMéﬁ)@mnbradatﬂﬁthbbrenm@pwﬁﬂ“él)y, per f or m ng

anot her trgpsfer i nce . thISIn |1y a split

i n i sochr ohous traplssfuégfg{agr Y téi%m%aﬁr iy 8%“?3%‘13%“@%%\%6{%@) Okt at e

machi ne for ab&e&tdeﬁﬁamEﬂielrahalamg appakitd, ant @RpRds bftRd presehy ia0@si6n. 700 i ncl udes
a start spllt transacti o {;I haviap a token phase (XQUT). In response to the
start split tPapeRER! oW BOvs O?VSGhWtICPm&’é‘&’e‘ﬁtm#@ 134AEIEET W (accept

xact). Procesgyy QQm%H Q¥éht 31 ahlIE TRSrot &t RAAREE ﬁ’os@c&x%ﬂér% &8%%9 tnla

transaction (XIN) when the transaction between -15 WD
PCT/ USOQO t 0936irst trmadwgb(mpégtmaona@ lswéméssrfanﬁfweqﬂeﬁcwmwmdal | the

data has bgen.r rne there a to ret.urn
(DAadvancefSe tﬁ% /%?’er g‘ & rcgn ?l)erepegf) d"e ';’? 81“ ?trﬂﬁ%&%’ RO Bat i on
failure bet \Nee:nmtdﬂ@edmgtrmmmhubm(mdsmeut:b &fanoihéxdnﬁm{hbﬁt waehHrdpmey check)
or the agent (NAK) or a hub problemw th the agent 5 (NYET). In response

to the conpl efig aygagent Mﬁ@a@theéﬁﬁﬂif%rmuest&%@es@e@s@emﬁer of data to or

from the agent). The intermediate transaction may include a transfer request for the
agent, another agent on the same hub as the agent, or another agent on yet another
20 hub. After the hub engages in the transfer of data to or from the agent, the host
controller performs a complete split transaction (or second transaction) to get the
result {e.g., data or handshake sent from the agent to the hub) of the transfer
performed between the hub and the agent. By allowing the host controller the
capacity to engage in aun intermediate transaction, instead of waiting for the hub to
25 perform the transfer request (or third transaction) with the agent, the effective
throughput of a bus using a protocol in accordance with this invention can be
significantly greater than buses which involve speed-shifting or which require the
host controller to wait for the hub to perform the transfer with the agent before

initiating another transfer.



I ndicate that data received fromthe agent had a bad cyclic redundancy
check ( NAKyo optisoishe agent didn't respond (NYET) or the hetrrsod/10e0

i nformati on about this conplete-split, or send the data to the host
controller either indicating all the data has been returned (DATAO or
nore data is t ' L. point to
sumari ze the gg%%rtpg%%ﬁﬁ%g%ig@%%t\l}éQeﬂi"%%cgggﬁm%égoggﬁewélgé@? I bing the
remai ni ng eppanidatisg datdlacress ladds itodoes hat eppleitndesdribe éint timing forthe pr ot ocol
descri bed above all ows 2 h?}Sth Cﬁntrﬁll‘gﬁ& to transfer data . to or receive
data from SHTSaEHamR orsansters piich wafi Lesylt i data being §ept iR of FReeRgLIOm8Rt rol er to
engage in genf HoWevér @AMAGH traisfdrs fod hpentylh ihpdriaditeaské Qihtsitypiddiych a
transfer request is comunicated 15 to the hub, After the host controller
per f or n8 t¥¢@uife datto be send tocariressived fropmethe kosteayirolier ongperipdiafamedi at e
transacti o, ther ] WAk ik r the hub
and agent {g%eﬂg&élrg‘f]%;r}%“téﬁ@ %%ﬂ Eelrr()ﬂ?%q@gé 'P Dl?llar éﬁ@g%gé@x{l%ﬁ%ﬁgﬁt ransfer of
dat a t o orwhiletherntiolre pmtpent Jllowsladostbetrotiediogtedfotnr anmtermediste may i ncl ude a

transfer request for the  .agent not her age on the s .hub as the
agent, or 5@%?%‘8’? Eoéﬁ%‘ﬂ‘tm‘blﬂglgé’fte%g{a%eqan%“%ﬁggaﬂﬁne'se ftﬁ%gﬁﬁﬁn ngages in the
transfer ofhe dethglete 8plRfirahda0iidd, bR aB&Prototd) Bodd@dt explibifly dedchBé ha3er f or s a
conplete split transaction (or second transaction) to _get the result

(e.g., 8atanster reaurstsiiascdorsd py the hefnandhewtheub and ages perfsm tepsfehe tr ansf er
per f or med ‘2’*@“ | controller

t he capac?’tﬁé/éé?gqg%gga | rg‘tgghésﬁ? %@%ﬁﬁc%ittgpgxtfggghgﬁ%{g%%ag?sggﬁfad of waiting
for the huperfoon@bbefre Engaging freart intopédate trenyaaon. (Tbe issues not dddmssedct i on) with
t he agent,, the effecti.ve throughput of.a.bus.usi.n protocol.in
accordanceb)(/\ﬁ?"? ﬁbﬁvﬁﬁgscf‘ﬂ'{f’émf?}b T E‘Hb[éamegf ‘Bﬁﬁ?’%‘m‘%ﬁaﬁ&%&eﬂf 4an buses
whi ch invodhugroséseﬁgﬁsén,ibhffémgm peHbetantd) @Ptriffer kRuediisia wmNireol | er to wait
for the hub to pertormthe transfer with the agent before initiating

anot herl5t r addeested by s folipwine descpptignystmethodsrmd apyarates ingecosdmce pr ot ocol
defines thg; : a ' ' | ' ?{mg' | data across
a bus, it ggglqﬁg%g&girg{e?tgnt ﬁ?@ggéggg?lggﬂqdﬁlg{??dn@\k ﬁg& or t?}gﬁa%aragnsactions or
transf ers fohschhduling kransfersibf datatodad fromeinagens and a method andeapparatag fdrr om an
agent. However,. tjim of transfers for.agents is ipgportant because agents
typi cal |y BOFEYD% #’g’sgegfegu?‘sgs %giggn?het%e% @ CRPRTEYS %}f)aﬁe&ﬂ@ghost control | er

on a peri ogingfefsfYata is described first and then the method and apparatus for buffering

20 and performing transfer requests is described second.

Referring again to Figure 1, the process of scheduling transfers of data first
begins when system 102 performs configuration for agents attached to the bus of the
system. Configuration can occur upon system initialization or boot-up or when an
agent is attached to the bus after initialization. The scheduling of data transfers

25 depends on the transfer type associated with an agent (or an endpoint of an agent)
and the amount of data involved in the transfer. The manner in which agents having
associated periodic transfers, such as isochronous and interrupt, are handled is
described first, below, and then the manner in which agents having associated

asynchronous transfers, such as bulk and control, are handled is described next.
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i sochronous or interrupt) or asynchronous (e.g., bulk or control) basis.
Addi tional | Yo oblse t he above protocol allows a host contcolus@riedse perform
an internediate transaction (or even nultiple internediate transactions)
between the start split and the corrpl ete split transaction, the above

prot ocol does not_ex citl how,10 .tr. fe re stor ed
Pt hehub and noReTRAERTBSs 0 SR iantHan, e mebd BN i ePRRRR LS Rout
requiring th@ys&ﬂﬁéftm&hﬁﬁ&btfﬁssdcﬁt%akuﬁm ddthgaylidadizk @nd fraﬁﬁesypet o be
performed before engaging in an intermedi ate_transacti op, Shl ssues not

addressed b{e-g&HechBaRE "é(@‘é‘cﬁ“?eﬁ't‘?‘owi’éfco?% PIIGERARBET, I ARFHRSY e timng of
transfer r eq%&h%&@%@mt?}ﬂ@m@&%ﬁ% MGl urﬁerstolab‘%? %ok@&'&&lgarpﬁfxfl% mance) of

transfer requests , are 15 addressed by the foll owm hg descriptions
of net hods am aappénadmsthememm@kmmdﬁiemdmm Haxapaséwmzeumenu on. The

resent in e on ncI es .a arat us,, for I ng transfers
gf dat a !tova efs‘i'aglfﬂ ﬁtrf) %ﬁ}fat FPECFﬁ@gP exgléggregt[aﬂs goﬁ'y G%Ir OgeSSI ng

transfer reqt@a%&e@htagamm.ﬂﬁmd fm&ﬂa@ﬁeram 18 BRaboatcaftrdIRF. Behesutd ng
transfers of data is described first and then the nethod and apparatus for

buf f eri ng 20iraweicHilie pstem 1Ly hasse &1 trapgpreypatojthe hasseonirpitas issedbond.
Referring agghd s&&dﬁgmgoﬂm&z}g sl ERS 8 Oa MRBIHL AbLARR o Of data

first Dbegins when system 1 ornms configuration for agents attached to
t he bus of0 t hest ccmyrstlsmses(ﬂmﬂforgmaxaim@dﬁtv@a:meces:oﬁmfoupmmnaysgtlem witht i al i zation
or boot-up or y;,heé‘n aaent S a%gag{gglg he bus a | i zation.
The schedul i ff&F p@ﬁ‘fg’ﬁe %mtgggpgge St eh?fé‘o ﬁuf”ilf erff’ §§p associ at ed
Wi th an agenhitdriiie aibo@HAO ia Bbfrodre AiverGi@Rta) thedbst cbﬁta;mmmtex%ﬁ/mdata i nvol ved
in the transfer. The manner in which agents having associated periodic

transfers, sh’t‘ﬁwﬂ@ dfiess EHY SFREAS ﬂéﬁhﬂl‘dg?’ﬁhétral“é pecforaythe srapdnliag opesatiogescr i bed
first, bel t ed
I rs €l OWyeg :b@l%{?.r t]‘Iﬂgb %E)%ilk’% ﬂs@&ﬁpfﬁt D 9%3@2@&% ralt €

asynchronous tran ers suc contro are s descri bed
next. -1715\WOxR4iviB86 iiﬂta E@Ebtww mmngelmnhﬂgtesthmqahmaemlt efsociaind i gur ati on,

cach endnol Ll SaEe S 0L8LL he, Sy em, o L epdpaint o aseociated
interrupt, buéﬁéndsraaaﬁém&mt JFEreTRRAGP bl BacARA t1dQYdvEds t&xnsf%ms@lhn@gc h agent
O P B the provious fansfers happoned snder The bess of eiroumstances (defoa
below). The latest time that a result associated with a transfer may be available
20 depends upon the amount of time taken up by each of the previous transfers
assuming that previous transfers happened under the worst circumstances {defined
below) and the time required for the transfer under the worst circumstances. The
earliest time that a transfer can occur is important because the host controller needs
to have the transfer request buffered at the hub before that time so that as soon as the
25 hub finishes the transfer request that is ahead of the buffered request the hub can tumn
its attention to the buffered transfer request. The latest time that a result associated
with the transfer may be available is important because after the latest time it is

substantially certain that the result will be available for the host controller to

retrieve. If the host controller were to try to retrieve the result from the hub before
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5 the art and need not be described here. The maxi num data payl oad size is
the |argewmommsunt of data that a transfer to or from arcagsodiovdel |
entail. The system relays the data payload size and the transfer type to
t he host controller. The manner in which the systemrelays the size and

transfer tyRaakq thitembasis GAML REIES nbtSy X\ﬂgle yet! QQ(%E §ﬁ§%gt Eﬁfxﬁ)tcglo se of

ordinary skill in the art and need not _E)/e escri be € 10 host
cont r ol | er employingiyeultifleretnavals wonkicbetrequirgleces of i nformati on associ at ed

with each endpgj ner at udget list fqr th erjodic transfers of
t he endpoints. ?}nagéfgr%?’%‘%’%%ﬁ%&é eg’gfqr?gg‘[r‘fm%tag&efst“aﬁ?8”&"&\9#‘ such as the host
control | er iolveethe afaxiwendaa piidcad\wad ehefl ik ViistafiRdllyGRbaLAlAng he budget i st
and perforgjéqtnh chedul i n%%e{)‘gerat i ons descrijbed bel ow. The budget i st

gi ves the pieBdapRenyadsr st of sHeyratancesswen sachdransier inselyes/i ng a dat a
packet) NMaynaREfiM dASpyedad afA$thelSs hakifiin Ei’i-%ﬂfngghtitﬂsg{fﬁgy%&ugssoci ated wth

the transfer may be avail able. The earliest ti ransfer can occur
depends ona¢deedingito @nembédimentef thekosesentinyeptiemldcawst thelsgnals evitidtaist r ansf ers

assumi ng totl revi ansfers happened under. the best of
ci r cunst anég n(oéggtf“ﬁlet Ze%gﬁgv%\é Sighg{me; étcgcg m??‘haé‘ iment %%‘EFt associ at ed
with a trapset invetionchinmaffinghlag iRealenORIS of1RO MakitRinPBRMPLyIf ti Me taken

up by each, of th evious transfers assumng that previous transfers
happened uR¥&e”et M{Rb?g‘le‘%l?ngﬁ%t%%'&%km(cﬂ@ﬁwm%?mt and the tine

requi red f gircud@inbdsMaed len HEHRA iﬁ@ﬁnwb%&suﬁhﬁgﬁgaﬁglﬂﬁgggppam mafarliest time

that a transfer can occur is inportant because control |l er needs
to have thi altemasyesmbodmmpntstthereifcdumsiadceican bredebartbedaf temes dffositer t i me so t hat

as soon asgt |l ransfe equest that is, ahead of the
buf f er ed rg%%ggt% 5?%3& ﬁ%{glruéggg?aﬁ%ﬁgsfzte Zor}[nfeéﬁhr%ﬁgfsoo‘—t*ﬁé‘erﬂﬁfqﬁ ®d transfer
request. The | aflegentration dfladudget listdnlhdcortaneciied thelprevint fhvedtRntwifinsf er may be
avai | atr)illse IS i)ngorta t hecause affer the latest tinme it is substantially
certai >t hBTW PRESSFRREY) tVRtieIone Bay gl ganerahinga bysieetlishis deseribedbbareiniit er t o

retrieve. $Hould® a t @R0THE 8pitiCAnd\RES: dfohd driseliQnveRtibs esult from
the hub before - ggﬁévr\b 01/08 l119 PCT/%SOO/ 1%9%0 nt he&1 glt\éggl gkglesrrre, meani ng

that the redennossitleays. A hpdegblissisyadist ofthe allawablefpedodintrapadions diat  enpl oyi ng
mul L1 ple T elidoEal 2 ptiligh el :GAHCk ralh A8 LS DARPS LIRSS Dest of
of time defined as part of the bus specification that is sufficient to provide for one or
20  more transactions. Inan embodiment, a 1 millisecond time period is defined for a
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
periodically repeating frame that provides for some maximum number of
transactions, each transaction having some maximum data payload. A frame
25  contains some number of transactions of some actual data payload, while a frame
template describes a potential budgeted frame. Each budget list has an associated
best case information and an associated worst case information. The best case

information describes the situation in which each transaction in the frame template

occurs under the best circumstances. In an alternative embodiment, transfers rather
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i nvol ves the maxi num data payl oad and there is substantially no
bit-stuffing. 5 Transfers happen under the worst of circu when each
transfer i nY%&81% ppxi num data payl oad and there is naxi %W@%‘)ﬁ uf fing.
Bit-stuffing occurs according to an enbodi nent of the present invention
because the signals on the bus obey non-return-to-zero (NRZ) signaling.
Accor di ng t ahaansaessbidshs mentpredented by the bes ek infovenibn end wisstcast uf f i ng may

i ncrease the size of the maxi num data payload 10 by 16% Wile in an

enbodi ment , 't E0ghaat circunmstances and the worst circunstances have been
defined in ternspphurdid iisitthtdsiabhgrabd fob Bk EhsbBa@BPRAPBAE 8G0NAL I N
alternative enbodinents the circunstances can be described in terns of

ot her t hi ngscardpace wislhthe ppragnd iropntigac Béask 80% repressniscthe tansfer pssycided t r ansferss,
or generate del . i f N j nce with the
W e S el T S e A
budget |i st remesdas dieithedetwesoeiated viith a ssdvad kddpoint aptper theitrartsfeahapiplyes spirit and
scope of the present invention,enc a ot her possible ways. A budget
list is a |iuferde fepieFasg | éﬁéﬁﬂﬂém%’e‘ﬁg@ﬁisgi?‘??%ﬁe%?éﬁ S estcass

tan occur in a

particul ar firaies ¥&WReRtRipoifs b BRrddDyanE Qe NIRUSY: AGGHoHhABnPer i od  of
time defined as part of tf?ue bus speci fyl cation that is sufficient to provide

for one or 2Bsombesthe siwaBeicn Wik cathriraapfenintierdiranestemplatepcerrs yidsetdond ti ne
period is,defi f I r i i.S.constructed for
each fra?r% t%oég%ﬂrﬁus?%gang?sf %ﬁﬁ?b@gﬁﬁ%{ﬁ Gg%%%lgg\%ﬁ%rc%g%etransacti ons. A
frame tenpl aéeplats 350 Bescirdqats with the pees@ainventidnaBlodR @55 cpresadtd §te r epeat i ng

frame that provjdes for § xi mum nupber, of transactipns, each
transaction tf?&?ff’rr?és_%{ﬂ?é "‘ﬁ’zﬁﬁ?ﬂ’?ﬁ *iﬁgy"émp‘g ‘?TBQ’&.traﬁf?rr}’éﬂ%e“?B“cgbﬁfai ns sone
nunber of trangacd Btk 860 SpABentGheMnsfiAbBohaYd WAkl theWbh@eripbame tenpl ate
descri bes a potential budgeted frame. Each budget |ist has an associ ated

best case i nihsrathe ronfenhappens uady dled wereidasioride reeaing Mpde$at88h. The best
case infornati L ' J .0 -Whi tion in the
frame ter‘r%l ate> %@gﬁfjsw@nsggarsgp %éﬁébrge%? Efg?{%ﬁ&ﬁ%%@ﬁ%ﬁ Eyg}%%gﬁi%g'r native
enbodi ment , It shetidfbe appardat therthe £&itiWsi0:5/00 8@ bR FE bl QHedR I3 uridean
transactions f{;\l[e represented by the best case information and worst case

1

i nf or mat i on,ot tiustration.
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.

20 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.
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

25 the best case and worst case transfer times, respectively, for the second endpoint.
The earliest that the transfer for the second endpoint can end is Tc. The latest that
the transfer for the second endpoint can finish is Td. The foregoing suggests that the
information necessary for the second transaction must be available to the hub before
time Ta and any result due to the first transfer is substantially certain to be available

30 after time Tb. Furthermore, it should be apparent that scheduling of a transfer

«20-



Figure Sa illustrates a diagramfor a best case franme tenplate 800 in
accor dance wa $ipsdibe present invention. Bl ock 805 represemicyrusheobzoanst er
associated 5 with a first endpoint, where the transfer happens under the
best case. Block 810 represents the transfer associated with a second

endpoi nt, ere the transfer happen nder the best case. The remaining
bl ocks 815%@%’% Sﬁﬁlgélgﬁtm%ul“%d Poaé) ogéteact:ﬁé)ge eﬂr?vé%uggr@ %888 her endpoi nt s
confi gur ed Agditidnelly; Yeshewnd bd bspawat thht thashedulihg bt compledaplir | bes t he
situation in which each transfer in the frame tenplate occurs under the 10

wor st ci r curARsasHemwill depepsran thtimp fo Rerforp ghe presartdgpslss TavesafaBY-st case frame
tenpl at e 850.J AGRH LRBESIMAR4{R, Present invention. Block 855 represents
the transfer associated with the first endpoint, where the transfer

happens 8inder t Keametemplated’@8end Bhme tempbte $9prefiane templatestthainesf er associ at ed

with the second dpai ere the trapsfer happens under the.worst case.

The remai nirﬁﬁreﬁelnglgké;&@gl@%eggﬁg&P gsa?a% egg?ﬁtpglg 1?30{ ng%fécegrweansfers for

ot her endpoAstbfdigab bh BMb&iimbit of tie pseseiitementidd, thehost cOndslleapRpthent that the

relative sizes of the bl ocks ,arg only meant for purposes of illustration.
I'a T

The si gni f i BRhew pthgplsame thads p frachoniof thssize ém of he clitist case frane
tenpl ate 850, INfo@QWichRaRy Al &1 OfEbdRYenE XAt MiBYHrAneCHS effivalendt, 855 and
860. 20 Bl ocks 8%59%&% gl!q}%cks 855 reegr’esg}lt 1t her best gﬁge %nf}&mrst case
transfenld rssghedissigdiape. Sce thedosticontrollenahdshehub chmenunigatd using t hat t he
transfer for.the first.en i an.finish.is JTa .The |atest that the
transfer forplcf‘?ur T HSYER %%?sn%r r%‘ﬁ’ﬁafb F%lr%ﬁaﬁhéngl%? hUhIsE%nsfa&? éégisﬁlgt suggests

t hat the t rigansdceon, &ss oefidtedeswilielthd tiee e pafichménythoitait sslRfrandae@on as early
as tinme Ta or begin as late_as tinme Th, Blocksg 810 and 860 represent 25 the
best case a‘ﬁ(ﬂe%Pg??cé%fEa@eP'r Shnuledy 1t Vﬁ?gﬁlqgeéﬁg’@tt'i‘wp??or?ﬁ@m second
endpoi nt.  F0eRAkk b traddd@ontif Ger 8NRTcRIrahs. mﬁrggfdanslﬂﬁ@&w' nt can end
is Tc. The latest that the transfer for the second endpoint can finish is
Td. The 1f ortegofon g stexi g} $tassaction;, agehrsing to p embedioentnesters split yrafiseetionhe second
transacti on t b vai l [ re. 1} Ta and any result due
to the fi rssthgulrﬁé’ﬁcsu 8’?6 I|§;Hscr sﬁh’gtb%ﬁ%tr Jl'; @Ff@&gfér %ﬁ’rﬂl%h tllﬂg%g[\l/sg?rl%gtg"f%n 30 after
time Tb. Fuhéhet adragent cdn cbardccorling apthebesntast fraine sWithdegdrdigottie a t ransf er

.20 WD 01/08019 PCTI US 10930 . . .
start time for a complete split transaction, according to an embodiment, a complete

split transaction should occur one microframe after the microframe in which the

20 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 create a
start-split vector and a complete-split vector for each endpoint in each frame
template. The start-split vector contains a value indicative of the microframe in

25 which the start split transaction for an endpoint should occur during a classic frame.
According to an embodiment, start-split vector has values ranging from -1 to 6. The
complete-split vector contains a value indicative of the microframe in which the
complete split transaction for an endpoint should occur during a classic frame.
According to an embodiment, the complete-split vector has values ranging from 1 to

30 8.
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depends on the tinme required to performeach of the previous transfer

requests. Wb{,‘jsa@ally, it should be apparent that the sehpgilshifgeof the
conpl et e-spl | ransaction will depend on the tinme to performthe present

transfer request, if any, associated with a start-split transaction. 5
Frame tenplate 800 and frame tenplate 850 are frane tenplates that are

representative ofVhenhesseaedesd s tevked Ry Bosh eptioHer dayemis enemstosgent or

classic frang)er G oodhAF R B SARALE BRDbInYholtREntRIIRS PidtexhRENt i ON, the
host controller and the hub have another frame that is a fraction of the

si ze (m cr ofthepnst case vectoethet iagsspaated wilnthe eMipoant sbibe fraweatemplatd thatan

enmbodi nent, eight m.crofranes are ui val to, a,l0 single.classic frane.
Snce the hoSneones e er R Bl THEvEE R S Sl iy A T anes and
since a t§anafigintaedfiast hf0diedicAaachd nigrdthtmehuhihasfag spie a start split
transaction, it is useful to describe the tinme for performng the start

split transdepsaston is i degteremesd. fineiagy  harecontreliesil [Qpqapine thes useful to
descri be ¢ heohbif. & caBEL 1] Rt 0 SRRISHE xS » ARGk On 1 0 tor ms

of mcrofranes. regards to the start time tor a start split
t ransact i on,traasacoords hgheterfarmednbodi nent, a start split transaction should

occur one mcrofrane before the mcrofrane in ich the tr er between
the hub and agep?‘%’éﬁpg’@@&?s %588‘%%*8‘1ﬁ?ﬁ'&gﬁﬁaﬁ%@@g%*&?%%@gwth regar ds
to the 3 arshd b hoe crdfollar- 1608 TRMRI80. SPhinks $00aAEade! fHalts 98003 dirfige t O an

enbodi ment, a conplete split transaction should occur one mcrofrane after

the i crof r SR8 hes? pler Qhwhisbisseheduled o st ineicrafiame Pandis sshediled spl i t
Lransact | On & g i il PafeBO LfthRGdsRaddiCRF? bo L8R isoltidliBEs oiCCOT ding 1O an

enbodi nent of the present invention, the host controller  uses the best
case frane anosfethentwishesld basmafentthat ofber raufers dan hepivereagindee to create a

start-split vector.and _a ¢ | ete-split, vector far. each, en pnt in each
frame tenpl e HHE- g‘{%ﬁé-%gg?ri%fdee?ég’?%%Goc‘glﬁflh%;aﬁéagrw g(él ?"g&%éati ve of the
i croframe iWhiRbrankfecdv 1tie@hedubidtio 5@t fn Hub ADGAGhicRAamO B 228 e@ElPOi Nt shoul d
occur during a classic frame. According to an enbodinment, start-split

vector has VRIFGEEMS Bt terfyhasqnt Bme framp sepresenigs] st feames 90%). thect or cont ai ns
a val ue i nd'a%ngi'at\égstQthagﬂﬁraﬁga&E%Hc in! ffh 65 nd B assEQARE €t € split

transacti on r an endpoint s occur during a classic frame. According
t o an enbodicomplete-sphtgrapeaepdredogurs ol frdme/26St G thadsstwadttodisr-indnigieng from | to
30 8. frame represented by frame 950, the associated start-split transaction occurs at time
20 951asometime in subframe 961 and the associated complete-split transaction occurs
at time 963a 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.
25 While the above description has generally been presented in the context of
periodic transactions, the invention is not limited to periodic transaction but also
includes asynchronous transfers such as the bulk and control transfers described
above. According to an embodiment of the present invention, ninety percent of a

classic frame is set aside for periodic transfers. Asynchronous transfers will occur at

30 the earliest time there is space available for them on the bus between the hub and the
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-21 WO 01/08019 PCT/ US00110930 When host controller 110 is tasked by host
control | er wilyerwset9105 to performa transfer in a parti culpam/uspeavesef or a
particul ar endpoi nt, host controller 310 exam nes the best case vector
that is associated with the endpoint and the frane tenpl ate that

corr esponds ,fe, 112 BRI fidbta hhdilion didg WahilBehile bl RhAl fagP! 1t vector

for a given endpoint and frane tenp ndi cat es roframe at which
a start spl availalile sriwitthe startisplitttangzetigrendtid itradbe iSiuei barieyclaskiobis control | er

110 exanm nes the co te-split case vector .to determ ne. the . m crofrane at
which a co Ieettggmﬁﬂtﬂ?hﬁ{‘?‘ngr?gﬁg?”lt)oﬁﬁﬁegﬁl‘%‘“ﬁ@”‘ﬁ)??‘ﬁ#‘ﬁgﬂﬂsaﬁ°§ PEE&? | ncl udes a
sequence of cladsh-fa@envheh littHaB o 6MEr Fending iperiddicn@SactiSR) Onkd tiHhbAad10sSt

controller-hub frane 950. Frames 900 include franes 910-930. Frane 930 has

a transfér YOPiht Eat-FRitSbaRrstieantrolier vl dater ipshe pcemplpieantit tempastion s schedul ed
to end in Mkl AN rdbits!fond thehub ke ik frish@dn ohAALEL HE0 ITHehod”

I sochronous out transfter, t 1t s e apparent tha er transfers
can be gi vecrongroHérniriverissuessgurasyehtoabusoplit-fransamiod fdthe hoh wHemvérialme 960 whi ch
has subfranes 961 an 63. .15 Wil e.transfer 901 i chedul ed.to occur in
hub 120 in ﬂ‘?%tgﬁrfpre‘é{%‘g‘: %ﬂrﬁﬁcdm&?ﬁ‘j’ ipsHe diing ppprpfems. (& S"E‘.‘f?e’}“ﬁ pf‘ﬁ’é‘sel‘}ub- agent

time frame pepeasehi eelkyntfd] aamactI0)s distihe: andSecdtetred 15 Bittering! | t
transaction occurs in frame 961 and the associated conplete-split

t r ansactiOonPra¥ided &y the hph forperipgic tranpactipls. nost control | er-hub time frane

represented by fXa{ihod afH agphGnR SSMubRli Aottt ction occurs at
time 20 951a soneti mg I n Z&Sbf rame 961 g%% {0 gkrgggéﬂg%%%eé%gﬁcgnpl ete-split

t r ansact i onproesssing themtin a¢onrilag@3withsibisatventon wilkndyf beadescriled. Figwrartef er 951

represents transfer 901 in {h st _controller-hub tinme fr . O her
transfers ang"t F%%rgﬁ%rtq]ébalr{stl u%é%o %flk@ﬁmggguﬂcf?\rdl%ﬁ%ﬁ %{ﬂ%@‘r@%’i’a‘gﬁd 963. It
shoul d be apywedfetd présemtthvengor @cdesta Tvbt-conlbNaHab (RGdgh3spedd Rubdvai | abl e for
other transfers and transactions w th other a?fgnts. 25 Whil e the above

descri ptiPoncaisliefd AR radmpypeent &7 Ipwseeed) B goptrelics 18bamesmory 82, ger i odi ¢

transact i ONgontrbi\hit 1IRY ISR 8BS afealel 184 §Poukig R AGi fndifoggsaction but al so
I ncl udes asyr?chrorl]ous transfers‘fl g‘fféﬁ as the 1bﬁlpo%li a%‘ con‘{orol transfers

descri bed H5elR8. The eantigllergl 30 pedorms sbididraneastionstbetween pute $20wndihnstent i on,

ninety per Cgo%ttroﬁgr 190. Whenever a start-split transaction is received by controller 180 from
the host controller 110, controller 180 records the current microframe number in

20 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
between the hub and one or more agents. The transfers performed by controller 181

25 arereceived during start split transactions performed between controller 180 and
host controller 110. Memory 182 is coupled to both high-speed hub controller 180
as well as low-speed hub controller 181. Memory includes a pipeline with a
plurality of stages. According to an embodiment, the pipeline has five stages. Each

stage of the pipeline corresponds to a microframe as defined above. Each stage of

30 the pipeline has a plurality of transaction states (or transaction records). According

-23-



classic frame is set aside for periodic transfers. Asynchronous transfers

wi || occur q% gg Suée earliest time there is space avail ablgyi;8doibdiem on the
bus between {R&R and the -22 WO 01/08019 PCT/USOQ 10930 agent. The hub

wi |l accept a transaction during a mcroframe when it has space available
to hold the start split transaction until_ it can be issued on the classic

bus (i.e., We@?t’oflﬁé‘nhﬁﬁta&%‘bf%tp‘&‘é’éﬁpis 1905 E51ver HEOSAEHOMMASS O ssue t he
tr ansaCt ion (fl g%iggﬁgch s&%@%&r‘e?re@ér@é@gmﬁtz% of ARisER t&E@fé’noHﬁéHj'ﬁg periodic

transacti ons. has 5 accepted a start-split, host
control |l er wirdcord mayerave syerel feldspsuoh et devippland endpeinsaddtesndiredtion plet ri eve t he
results fromt hub or that tr sac The host

th | i.c..bus.
control | er drtr é@'p%ﬁmﬁ‘é’fﬁ‘ ?tﬁ et&fgn‘?‘pl tﬁmﬁpgﬁ%%(s:‘%}%gﬁy%% t he hub

whenever i4§ @aﬁsfernpn&téaey (pPevehiQRd lﬁwtsgédaﬂﬁﬁbbzﬂfbﬂeﬁ@om sefemilignii)ng a
m crof rame. The buffering provided t he hub _for bul k/ contr ol

transact i ons Prrsling @iting for sreeuien aF wedy @F%)‘??F’t‘ pefosmed By thalpw-amsehidyi ded by
the hub Tor RefidehCThd ARRRR! Qé‘éag@in{l%? LW s RARRE G orf R ablf f eri ng

periodic transter requests and cessing themin accordance wth this
i nvention w h-éceﬂed/\(tbezrdmsfm)lﬁedtthﬂgurce dete to bhwenstoite ageed¢.growdet ai | hub 120
of Figure Ia. A(%cordr ng to an enbodi nent, hub 120 of the present invention
i ncl udes a h&&8&ntrol | er - hub (or high- speed hub) 15 controller 180, a

hub- agent j or | owsgp ethcHided codl fsH 193rand 8ibck BR3AREWIN 13 @SntroRunicOnt rol uni t
183, a clock 183 a, a repeater 184, a routing logic 185, and ports

185-189. The 18brtceasingio apunsdinicst ﬁleclsbﬁatgertqaaémtcrqfr@ew&%@h hub 120 and
host | CONtr O}k fharlchcifi Bemuihidh r BRlcliksid AAMSAS HlaBl! BoiRfie! ved by

controller rom ost controller , control 180 records the
current mcruﬁmasﬁe:snwptnertommﬁﬁf mmmomaﬂsmsmmtdsnetseangssmﬁ t he

transaction. An al nat e enb t rd t he,m ane nunber as
a tinmestanp PR 5?3?(5“‘?@88?3&[ ergvﬁﬁrl%‘t'épeg 8%“6% ?rﬂéensactr ons
received By bR abﬂﬁ&cﬂ%%&f&@ﬁo@e%ﬁ@ﬁécam attmntnt;lap&a hub EcHABA&LIRONS recei ved
during another mcrofrane. Controller 181 perforns transfers between the

hub and one @rpaﬁﬁikenrag@ntrsnsferwes sehafidedte be perfqrmedamio @9V%C@ﬁt?rf'{fﬁdl er 181 25
oL el YU hoagh) ohialcel At AL IR 0|
control | er 18the stamp indicates that it was received by controller 180 from host controller 110
one microframe earlier, is set to a pending status to allow the low-speed hub
20 controller 181 to issue the transaction on the classic bus. A record whose associated
timestamp indicates that it was received more than three microframes before the
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
25 associated timestamp indicates that it was received more than four microframes
before the current microframe indication but has not yet been performed or is
currently being performed by low-speed hub controller 181 is aborted and removed
from the pipeline. Clock 183a is also coupled to the low-speed hub controller 181.
Controller 181 sequences in order through the periodic transaction records that are

30 marked as pending. According to an embodiment, controlier sequences 181 through
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as well as Iow speed hub controller 181. Menory includes a pipeline with a

plurality ‘gé gdges. According to an enmbodi ment, the pi pgidnigohasSe five
stages. EacC stage of the pipeline corresponds to a mcrofrane as defined

above. Each stage of 30 the pi pel i ne has a plurality of transaction states
(or transactlon records). &B\e‘}d‘ -23 VO 01/08019 PCT/ US00110930 to an
enbodi ment , %P%‘Elﬁ‘éé“ﬁfdst"?fé“’ﬁ ?FPéh?f'égllCI@&%'FeW&KEPIOF?E&H%‘%B?}eon states or

records. E%ébréstr@&?veanxptheﬁe{t%megse&fv@a B3GB-Ahd 3 s8bn' K@éb?élﬁéﬁa 40 be
performed. A record may have several fields, such as device and endpoi nt

address, diemotdingnt, géntrotlentidfpseceedsrta sfnext dagliset, recsivad mscm&mje whem ref erence.
Status | ndl Ca#( ang re%?lvéshaeméro%iaﬁgﬁﬁc?éatlaﬁ %t ﬂ %%Yurglf rec t e%l?IeOL;)VV;)f peed

hub cont r ol PEFOHPEm exec
ready (has mififrameiddicatiodlitiangbethe mmspemdn’mlﬁers ﬁlCthEllidit éaeriést The dat a
reference IS a poi, ntgf“B a starting [gdres in menmory for data received

(i.e., in tTReHHeA gpigro TPRAOLEFaH toden “5‘15‘53 %”éﬁte tfagsteridhaigent (e. g.

out transfglid as d HPapkel. msérp&ﬁsdtea@ffefeumruﬁértlsit%s%wdﬂfsck 183a coupl ed
to control unit 183. According to an enmbodi ment, clock 183a generates a

m cr of r ane rowitigdegic 485 which gives Qdmell@riél agagsstth ond ofitheeparisit86-d89.at i on of t he
c| assi ¢ fr ou}haf Igg:sl‘%g ﬁlv%%%n S%gix{ cess ltjo ent.hetl Igeeeatetr lg? o conﬁl'olﬁer lg?ﬂg ry 182 and

nonitors t or nance of a
transfeno byallbbahéﬁam&pewtdmlahéghrﬁatacrhdeeral:&ldatsi ratdt&péxﬁlutgdmhat whi ch the
transfer is to, begin execution at thg lowsp(f ?ﬁ&g (}:mtroller 181 is past
the time tHR8SRSHAERGYC 1aten K§Bsad 184 1sreupled fo lep | 84 andifgtec onpl et ed

per f or nancqo%é@@f | Rdpestbd D84 rafea@siEhMe rdofivadrEi AU ETRRY to) BoktistRf fhowhose
associ at ed i me stanp indicates that it was received by control l er 180

f rom host mdtdmmerbto (engceivaddram)arhaghy waed aggnt doupled foongef parts a pendi ng
status to the | ow- speed hub 20 controller 181 to issue the
transacti on on ?he cl assic bus. A record whose associated tinestanp
i ndi cat @s that Whilkasqueaciag theshghmliecpentiiag récbrde eeceived mfthadarisesbef ore t he

current meroleale | AClEalh PR 1o Do vely Besh per olaeg B ow speec
(i g B r eZ ptr) 22 Io dr?%r &fgggingta%ﬁﬁ‘eﬂ Bet&éea@mllepmmdmgmt,%nﬁa%dshwm control | er
retrieve the next transaction record and perform the next pending isochronous or
interrupt transfer. Second, if there is no pending isochronous or interrupt transfers,
20 controller 181 will perform a pending bulk/control transfer. Third, if there is no
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
25 agent. Transfers which have been performed have their status changed by the
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
high-speed hub controller 180, the high-speed hub controller 180 examines the
record of the most recently performed transfer with the same addressing information

30 and sends a response back to the host controller 110 based on the result of the most
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25 associated tinestanp indicates that it was received nore than four

m croframes before the current mcrofrane indication but has not yet been
performed orWP8108tf rent|y being perfornmed by | ow speed hFSTEEPHIEH0 er 181
is aborted and renoved fromthe pipeline. Clock 183a is also coupled to
the | owspeed hub controller 181. Controller 181 sequences in order

t hrough the peeitiygedortmednsastiri fhhe @epldssplinainsadtion ZhorBigkeslg asoupendi ng.
According to_an enbodinent, control lef\_r sequences 181 through -24 WO

01/ 08019 PCTEUEAGIPT HEBA1e SERE 2HErSNA Flrarsry dhe iahstrredibybrroptielles 339 i est

m crof rane befipfeghoRt BsRedinNANYeTt he records received in the next earliest
received mcrofranme and so on. According to an enbodinent, controller 181
proceeds to the nEws, adagthadasd apragasysfenscheduting ransfersebweencedogtrol unit 1 S 1
receives ] i ndi i.on.  VWen ntrol unit 181 receives a 5
microfr arrg ir]%\éé}lirgg%ri%g%a %“gbqﬁ:gg%ééqe%sctnﬁ\g 's‘%‘gﬁtﬁosn a ’at“i‘leéhcidraﬁquﬁ%?%w? Tt he next
earliest rebeferiegand mrfofuiageardsfapnat adib hadyn aeacmadkngoufgam fl ushes out
the transfers that are gasskal e as,bgsscri bed above. To performa transfer

control | er 1BESSPtRREHER kaspgendesyived wifh refgrencs e epetifis eygmmiaiy gi ves control | er
181 access t@ngyaandks 181 BOLLSnlB%: ; j i h..@gi ves an agent
access to either repeater 184 o%égg%tggtgﬁllngggil%lrllgf}lg%%lotﬁaé%%gcvl@gt he transfer of
data at a hi ghdifieatiany and shangesmisohe madedo thaseenopredisrvgthout depatingagent ' s

confi gur d . r.184 is coupled.to.cgntroller 180 and routing
| ogi ¢ 182\.% Rg%ga egog&fgﬁﬁ?g%é%cgpestﬁﬁWE?’%OPé‘%?ae?&o@g’ '? %851[3(’8?' destined to)
control | er 1B8€ordumgly, dtespédifdtibardarawiegeiryeberéarded & 4 ighuapred agent
coupled to or;&éofhgﬁorts. 186-189. 15 Wil e sequencing through the pending
records receitEUhe PHECHSSFISEst  microfrane, controller 181 operates in
accordance with the following rules. First, after performng a transfer
bet ween controller 181 and the agent, controller 181 will retrieve the
next transaction record and performthe next pending isochronous or
interrupt transfer. Second, if there is no pending isochronous or interrupt
transfers, 20 controller 181 will perform a pending bul k/control transfer.
Third, if there is no pending bulk/control transfer, controller 181 waits
for the high-speed hub controller 180 to indicate a pending bul k/ control
or isochronous or interrupt transfer.



When the | ow speed hub controller perforns a transfer a result is stored in
the nmenory . e result may be either a handshake or datd;d t¢ved from
the 25 age‘éll?famﬁignsfers whi ch have been perforned have thel rsrg?(g%ous

changed by the | ow speed hub contr Iy to ready and their records are
made avai l |e .ta i hg. “hi gh-speed W@i@iuﬂmmm 0. When a conplete split
transactio 2 by the high- édtrol |l er 180, the

hi gh- speed hub controller 180 exanm nes the record of the nobst recently
performed transfer with the sane addressing information 30 and sends a
response back t @\ mE&ohEs commnpicasingaatabisiog lbAvladheomethddcomggising: of t he nost
-25 WD 01/ 08019 L LSO 0, I rformed.transfer.. If the
conplete split tbﬁ%rén%(%s?x%e '?%‘Qfﬁ%{eﬁlﬁeﬁs%ﬁi?eﬁdgmé 8% e atatfaﬁﬁascgﬁi on with the
sanme add$ etmtwign ithefhab aad 4 bast cddelléyt gh- speed hub controller 180 will
respond back with a, i NNYET. Thus, a nethod and apparatus for scheduling
transfers betwedfReEiy gfms}egéwf%?queﬁl%wgeaeﬁweﬁggt“ﬁ@eﬁhea%m Fed.

Addi ti onal | jgentdo pElefiRch @AMk, aRPar atus for buffering and perform ng
transfers at a hub has been described. Although the present invention has
been descri bed wetetminisgavhethera trapsicpugiiry receixesigy therbyb fromxbehoents, it will
be evi dent L j1l in the art that various nodifications
and changes&ﬁtﬁéfmgggéreﬁg@q%g)at[’%reeg‘g{'enbodi ments w thout departing 10 fromthe
broader 18pirit and scope the invention as set forth in the clains.

Accordingly, the specgificatio nd.drawi ngs are to be regarded in an
i |l ustrative rilhﬁgﬁ‘&f’ﬂa gl?i'mr gé’f?ﬁﬁfe&ﬁhﬁémg frensfer requessgs 15391vRsrL 9
PCT/ USOCO' 103aQiadhadke of Srist sotwRel is: | 1"1° 11 111111 1111 1111 11 11T M S 1.

A met hod for conmunicating data using a hub, the nmethod conpri sing:
buffering a single transfer request received at a hub during a transaction

5 between the h - | he.single transfer
request is 3’?0 bgJB B@E&gﬁiﬁgﬂ%@eg&&éﬁﬁt{l}gglﬁél\éqrg{ﬂsg&gﬁ&ues ' pe&me& ata
15 second data rate or a second protocol.

4, The method of claim 3, wherein
the hub includes storage for buffering transfer requests, and
at any instant in time transfer requests buffered in the storage take up an
20 aggregate storage space that is less than an information capacity of three

communication frames between the hub and the agent.

5. The method of claim 3, wherein
at any instant in time transfer requests buffered in the storage take up an
25 aggregate storage space that is less than an information capacity of a communication

frame between the hub and the agent.

6. The method of claim 1, wherein the single transfer request is associated with
a time stamp and the step of performing includes,

30 comparing the time stamp with a time indication, and

-27-



agent to generate a result; and determ ning whether a transfer inquiry
recei ved at ‘%Sg 0@@13 fromthe host controller correspondspbgybdaaessgsul t. 10
2. The net hdd Y% ai m 1, wherein the single transfer request is received
at a first data rate or a first protocol. 3. The nethod of claim1,

wherein the single transfer request is perforned at a, 15 second data rate
or a second prot Gedpming thesipgiaEREE regpest PAPHPS HMRARFEIHWINE 2hub i ncl udes

storage for Bgete%gi@? ARGl RN BR ke iRQIhiBA. @NY instant in tine
transfer requests buffered 1n the storage take up an 20 aggregate storage
space that is | esthetisthod aficlaint bwieteinghe gaglatiansfer ofquesh fseassociatedyiiihi cat i on
frames between the hub tﬁnd tt}e e;g%gté. 51 The nmethod of claim 3, wherein at
any instant %Ot HEP FIGRETER O PeY P& B Pered in the storage take up an 25
aggr egat e sst or ageompass thdvdhe dtsmp @85 a tib@indiddtibf)fagd mat i on capacity of a
comruni cation frane between the hub and the agent. 6. The nethod of claim
1, wherein the siprRyeetingthafpiegontrelisyfem negforarg%%r%awgka AN reesti e stanp and

the step of f ] i nel , R 4 ¥ with a tine
i caton, S 4 b e BaERs pRRcRRERE] GRYshaG ISR " o & gl e
transfer redqmesitionhen the tine stanp is wwthin a predeterm ned tine range
relative to the tine indication. 7. The nethod of claim1, wherein the
single transfer request is associated with a tinme stanp and the step of
perform ng ig&cl udes mekhod @NPaR NGvHefeth the e St AaMMiariNg inbludesf i Me i ndi cation, and
preventing the host controller fromperformng the single transfer request
when the tine st &FnB 8 UBwFEYiodaeR oG OB IAE AlS tingle rpusHg e at i ve to t he
time indication.

9. The method of claim 6, wherein the step of buffering includes,
setting a status field for the single transfer request to pending.
15
10.  The method of claim 7, wherein the step of buffering includes,
defining a data reference field if the single transfer request requires data to be

received at the hub from the agent or sent to the agent.

20 11.  The method of claim 1, further comprising:
sending from the hub to the host controller a response based on the result

when the result corresponds to information received in the transfer inquiry.

12.  The method of claim 1, wherein the step of determining includes,
25 comparing the transaction record corresponding to the single transfer request

with information received in the transfer inquiry.

13.  An input/output device for communicating data, comprising:
a memory adapted to buffer a single transfer request received during a

30 transaction between a host controller and the device;

-28-
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10 8. The nmethod of claim1l, wherein the step of buffering includes,
storing a Wphanesed i on record corresponding to the singl eptr/asmhegsor equest .
9. The nethod of claim®6, wherein the step of buffering includes, setting a
status field for the single transfer request to pending. 15 10. The net hod
of claim?7, wherein I i ncl finln dat a
reference fiel da?%c°¥%g%sﬁ%hg@éegEhraaﬁ%r{oglpé {rﬂg&{ﬁ‘ég&tﬁggg’hﬁe eeéE ﬂc}g‘?’ %n?}(’)e be

recei ved atdetibeardul af¢roro generargandultpr sent to the agent. 20 11. The et hod
of claim1, further, corT(E)ri_si ng: sendipg.fromthe hub to the host controller
a response base¥PeRinthdevics fecEIves,fiEapsieh Mapick fipm thehasbeqhyRE: ¥ i nf or nati on
received in the,tsanshaf hhWtbahihes whethel iR PR PHGRITy &ritbiBnds toiher i n the
step of determ ning I ncludes, 25 conparing the transaction record
correspondiresyitt o the single transfer request with information received in
the transfer inquiry. 13. An input/output device for comunicating data,
conprising: a nenory adapted to buffer a single transfer request received
during a 34Q.tr 3nsésideof clmt 1 evheridwhs single mianddéd requestrigirecéieedtardi ce; . 28. | |
11 1111111111 1%&01 11, f WD 01/08019 PCT/USOQO 10930 a second
hub cont r ol T COPRYRICHANSBEetOr ARSI BIYREPL transfer request between the

devi ce and an agent to generate a result; wherein the device receives a
transfer inquiry fromthe host controller; and a control unit that

det er m h@s Mhet Fbe devire of clains | b rwhergipuithe gingletrapsfpragagiissttivparfremedatraesul t . 14.
The devi ce | 4l 3. i i ngl.e transfer request is received at
a first cg%gf%g@égaug\égg%ﬂggagag?(?grtggﬁ(?lbt ocol. 10 15. The device of
claim 13, wherein the single transfer request is performed at a second
conmuni cat i gn s%eg or sec%]d rotocol. 16. The device of claim 13,

wher ei n e device of claim I3, wherein

at any instant in time transfer requests buffered in memory take up an
15 aggregate storage space that is less than the information capacity of a

communication frame between the second hub controller and the agent.

17. The device of claim 16, wherein
the aggregate storage space is less than three-fourths of the information
20 capacity of the communication frame between the second hub controller and the

agent.

18.  The device of claim 13, wherein the memory has a plurality of stages
including a first stage storing a first transfer request and an adjacent second transfer
25 request, an interval during which transfer requests are not received at the hub
separates receipt of the first transfer request and the second transfer request, and the
second hub controller performs the first transfer request and the second transfer

request.

TR0 e i



at any instant in tine transfer requests buffered in nenory take up an 15
aggregate storage space that is less than the informationpeapagibyseof a
conmuni cat i oKOPYEAE bet ween the second hub controller and the agent. 17.
The device of claim 16, wherein the aggregate storage space is |ess than
three-fourths of the information 20 capacity of the communication frame
bet ween t he $2contherebiceofitlainl I8ewhexpid petfermangsafthe fiFg tramsfer (BRPHAOE of cl ai m

13, wherein the nepgpry has.a ' j I Ng @e by St stage
storing a fi ﬂéetse?%gﬁgql%qn%fﬂ ecfﬁgés?gr%hhﬁaéﬁgggﬁg%gﬁ tr?é%g#ggésr hsfer 25
request, an igitRivak del BYadkibEhsstthanié mervabquest s are not received at the
hub separates receipt of the first transfer request and the second transfer

request, and the second hub controller perforns the first transfer request

and the segond tr ih el drddrd Lashdidonlrbdokd 1LINIT -29- C
S WO 01/ 0 lgg'PCT {‘%%g“ﬁ g‘%%%%‘fnh#ﬁ% devi ce ﬁﬁ}’;%%éﬁ 18, wher ei n

per f or mance ebrréshendirigrts thetsirglesfapsferrequesist by t he second hub control | er and
performance of the second transfer request by the hub controller is
divided by a delay less than the interval. 5 20. The device of claim 16,
wher ei n the BBNMOr yLEdR1cR ST daikd F)SAatinale masaydoraarnstaasfelidi ng to the single

transfer request. 21. The device of claim. 16, wh j.n.the. nmenory stores a
status fi el d corespensingdn thesyetegransfer r§?%§qa€dt}“ﬁé%‘f53{eﬂr‘éw&?veaoﬁg t he status

field is indicativegof a 10 pending status. 22. The device of claim 16,
wher ein tlflg #grmr"y Stores a transaction record at an address indicative of
a pending status. 15 23. The device of claim 16, wherein the nenory stores

a data reference when .the single . transfer re t i: to be
recei ved at ?ﬁe h e‘?ervbcﬁof F}@mhgée‘ﬁvtherglrn %xgﬁ?&sg%ﬁ%e&l téag%g{“.;“qg%?@%ha% devi ce of
claim 16, wher@kR ikdigrisesoistnéioptmt| er sends fromthe device

15 23.  The device of claim 16, wherein the memory stores a data reference when

the single transfer request requires data to be received at the hub from the agent or

sent to the agent.

24 The device of claim 16, wherein the second controller sends from the device

20 to the host a response based on the result.

25. A method for communicating data between a host controller and a hub, the
method comprising:
determining a projected completion time for a previous transaction,
25 determining a first transaction time at which a first transaction is to be
performed between a host controller and a hub; and

wherein the first transaction time is less than the projected completion time.

26. The method of claim 25, the method further comprising:

-30-
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20 to the host a response based on the result. 25. A nethod for
comuni caty@ e sdaioa bet ween a host controller and a hub, #drassosraivod
conprising: determning a projected conpletion tine for a previous
transaction; 25 determning a first transaction tinme at which a first

Lransaction i s g RELLQY HER AELNGEN 84Sl ERNLLOLLED SOt hub; and

wherein the firs ansactiron trnme is 1ess than e projec conpl eti on
time. 26.peffoanditictvadn die hostabmrdler addtke ot Bedd furt her conprising: -30-

111111111212111212,, 1 Ms MO 01/.08019, PCT/ USOO 10930 deternjning a second
transaction ti r’i‘é‘e’?ﬂ“%?efﬂ“da“@é‘"t%‘ﬁ'ﬂ"’tql'“é??sa%‘fti"dﬁs“i“s‘x’fr‘&‘l’ﬁ‘é‘ﬁ%ﬁo%‘f nmed between
t he host tFRkdc86n and the hub; and wherein the second transaction

i nqui res about a result corresponding to the first transaction. 5 27. The
met hod 8f claim 26, wherein the step of determ ning the second transaction

time incl S fec felit- ffing on tine required to performa
transfer %ﬁue?ﬁhe{nﬁh}oﬁé’f%lr’%nv%szb}sﬂetmrnansacti on. 10 28. The nethod of claim

26, wher ei n t hehgstepuwfdetemiiniap secetond thasiciondih@inplayésaddct ofbi- t he step of
determ ni ng the second fransaction tifms i ncl udtgs effect of the data

payl oad orsHifiAgon ByEreawed i PHEY Y 15anster FeqHest i the RGBS amsactifR pr evi ous
transaction. 15 29. The nethod of claim 27 or 28, wherein the previous
transaction is the first transaction. 30. The nethod of claim 26, wherein
the pré0i ok t rkaoetiod oficlhins2t whatetn payl oad, 20 and the step of determning

the first tran%ﬁectr%@@us&iaﬂ&c%i&%a?%%gta?;'lggc{ Fﬁé the data payload on tine
required to per grma transter reque YR fhe previ ous transaction.
the step of determining the second transaction time includes effect of the data

payload on time required to perform a transfer request in the previous transaction.

15 29.  The method of claim 27 or 28, wherein the previous transaction is the first

transaction.

30. The method of claim 26, wherein
the previous transaction has a data payload,
20 and the step of determining the first transaction time includes effect of the
data payload on time required to perform a transfer request in the previous

transaction.

31. The method of claim 26, wherein the first transaction or second transaction is

25 performed at a first data rate or in accordance with a first protocol.

32. The method of claim 26, wherein the first transaction, the second transaction,
or the previous transaction includes a transfer request performed at a second data
rate or in accordance with a second protocol.

30
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31. The nethod of claim 26, wherein the first transaction or second
transaction is 25 performed at a first data rate or in agcprdangR,WMth a
first protoc%? V89S The method of claim26, wherein the firFst transaction,
t he second transaction, or the previous transaction includes a transfer
request perforned at a second data rate or in accordance wth a second
protocol . 3033 31 Themethpd of ¢lpym 36, wheremn) v | | 11l ¢ L Ms W 01108019

PCT/ US00/ 10930 A troller is
adapted to perf oﬁ% }S)I{]‘\%élgﬁ %%}dﬁﬁggﬁo%ﬁ%&%e@%}ﬁénﬁ £ %}J&ﬁtrﬂ&zénoqﬁﬁgn
alternative hmtnramaitamtwwermﬁ mietema'msamnsamon wherein the internedi ate

transaction is perform;l in between the . f Eﬁs 45 tcb ansag |f.on and the second
transaction; and YHSERIR RF@eRipE IposerigRds,peiogReq i Fﬁ"ﬁ’é‘ét 5t rst transaction

transfer reqggsicib®akBhe fe6dQredidetyeen the hub and an agent. 34. The
net hod of claim33, wherein 10 the internedi ate transacti on includes an

i nt er medi at e t r arveestn Ga first Etm#ﬁ@ion inchifeesfirst ipnpastipeirfnsreneaguesetohgen t he hub

and an alternpati ent ..or ative hub and an alternative agent.
35. The net h%§”¥ eg"f'emag%,huv\lﬁrér el %mlS the internmedi ate transaction

i ncl udes an inter rredi ate transactl on transfer request to be perforned
bet ween the hub dt r}% 36, A digital system conprising: a host
controller; aarﬁ’ﬁgte" Fmb%?u BPEE% o the host controller: wherein the

host dri vier det ©IthH RS idtd frsitsadibRHSRALS AANntein Riaed trAdcEh Farkfef St
transaction is to be perfornmed between a host controller and a hub and

det er mi nes areqysidp be perfpreehpireeandhe hubngnden alierpativigiagens ot angiismetiveon; and

hub and an alternative agent.

35. The method of claim 33, wherein:
15 the intermediate transaction includes an intermediate transaction transfer

request to be performed between the hub and the agent.

36. A digital system, comprising:
a host controller;
20 a host driver coupled to the host controller;
wherein the host driver determines a first transaction time at which a first
transaction is to be performed between a host controller and a hub and determines a
projected completion time of a previous transaction; and
wherein the first transaction time is less than the projected completion time.
25
37.  Thesystem of claim 36, wherein
the host driver determines a second transaction time at which a second
transaction is to be performed between the host controller and the hub; and
wherein the second transaction inquires about a result corresponding to the

30 first transaction.

R



wherein the first transaction tinme is less than the projected conpl etion
time. 25vAo10Btne system of claim 36, wherein the host ®ANESN/HE8I0er N nes a
second transaction tine at which a second transaction is to be perforned
bet ween the host controller and the hub; and wherein the second

transacti oggi Nowid SsteRROUhin?37 Stdlein COrresponding to the 30 first
transaction.” -32- TI | 111111T~I1T1111111 CL . WD 01/08019 PCT/ USOQ 10930

38. The system e sebed mmeationHmedtauden effers oldritistefifing ontimeaequitedte i ncl udes
ef fect of bé_&.-%taqgafglgr{;lreﬁlfrleséih%prrgsﬂgdsrtgagfatcgorl.perfor ma transfer request in

t he previoﬁ an o] e systemof claim 37, wherein the
previ ous transaction has a data payl oad, and the second transaction tine

i ncludes effect_of the data ;é)ayl oad on time required to performa transfer
request J n3Phe PrevitenSt claimdhdthes® 10 40. The system of claim 38 or 39,

wherein the preypgpsich ARRAG0h A% 4 dard P1daif i transaction. 41. The system
of claim 37, wherein the previous transaction has a data payl oad, and 15

the first theansadtigactiontens indidedefettiofthefdhieprylodd antimeleguirgity| oad on tine

required tq Jar%qt%rns a.tra i%ftheer [Leguest icg r;he previ ous transaction. 42.
The systernp‘(af)’?f Q1% 57 herel Tt he f1rst 'transaction or second transaction

is perforned at a first data rate or in accordance with a first protocol.
20 43. The systemof claim 37, wherein the first transactjopn, second
transactd ofi% orTh“pﬁryé‘ﬁ‘i“é’ggm’c“P A%t MRreinThe prawsus{Tansacken isithe Bistiest per f or med
at a secong,falwnrate or in accordance with a second protocol.

41.  The system of claim 37, wherein
the previous transaction has a data payload, and
15 the first transaction time includes the effect of the data payload on time required to

perform a transfer request in the previous transaction.

42.  The system of claim 37, wherein the first transaction or second transaction is
performed at a first data rate or in accordance with a first protocol.

20
43. The system of claim 37, wherein the first transaction, second transaction, or
previous transaction includes a transfer request performed at a second data rate or in

accordance with a second protocol.

25 44 The system of claim 37, wherein
the host controller is adapted to perform between the host controller and the
hub or an alternative hub an intermediate transaction;
wherein the intermediate transaction is performed in between the first

transaction and the second transaction; and
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25 44. The systemof claim 37, wherein the host controller is adapted to
perform bet ween the host controller and the hub or an al peffgds)ie8e hub an

i nternedi ate transaction; wherein the internediate transaction is perfornmed
in between the fi rst transaction and the second transaction; and -33- CL
Fidiii LR Y 1 I11.( MW 01/08019 PCT/ USOQ 10930 wherein the first
transaction incl dﬂ@ée“a‘hF ﬁFséfraI{bi"%lﬁé%{uidﬁﬁrﬁ fistiFpapastion E&fﬁ@ﬁfeqtlﬁt e perf or med

bet ween the W ADGheARRARHub andir agdit® System of claim 44, wherein 5 the
internedi ate transaction i ncludes an internediate transacti on transfer

request to be perforned between the hub and an alternative agent or an

alternative ub .and ve .agent. 46. The system of cl ai m 44,
wherein 10 t‘h;' r??né @eg”gttcté rans}éé?f’on i ncl udes an internediate

transactian tr ansmeeimenﬁamuueeztnsmobmcmeésfaaﬁﬁt&%ebﬁte/mshch&etr&}mr and the
agent. ~x~~"~~/j1j1(1 1 Cltl~)ri -34 _ )
request fo be performed between the hub and an alternative agent or an alternative

hub and an alternative agent.
46. The system of claim 44, wherein

10 the intermediate transaction includes an intermediate transaction transfer

request to be performed between the hub and the agent.
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