W 01/08018 PCT/ USQ0/ 10923 SPLI T TRANSACTI ON PROTOCOL FOR ABUS SYSTEM L
Field of the Invention The present invention pertains to Eﬁ‘?uéobﬁéﬁa of dat
comuni catWB M8, digital 5 system Mre particularly, the present

i nvention relates to methods or protocols for transferring information on
a bus. Background of the Invention A conputer or simlar device typically
has a bus that connects devices to the 10 conputing system Due to a
variety of advancgq ygerRANSACTION PROTOECOL FOR ABUBSYSTEMYSt ens and

devi ces, the amount of data that can be- exchanged ‘between a conputing
systemand its attached devices has increased, requiring a conconitant

I ncrease irh.tgggggl%rig%/&" ﬁ!&p of the bus. Part of this increased demand for .
bandw dt h mul timedia applications that require data to be
transferred at rrhg@iptesent ibvehtiorepertains to/thk fieldi of detarcomowwjcation inar digitadm t he
device to the conputin tem (in) .via. the bus, in_th ite
directioh (I8EM: %(&Hﬁ%@@z‘i‘f %ﬁ&é’s‘?“’?’é‘&ﬁ F$ ‘ﬁsgmﬁ‘egﬁ‘?#i%kﬁ’t%c%%gﬁ%w dt h,

i ncl ude caryngﬁ"i@qmgﬁﬁgﬁﬂiogqb%.ayers, speakers, m crophones, video

di spl ay devices, scanners, and joysticks and m ce, anong ot her devices. The
bandw dt h avail able on a bus architecture is partly determ ned by three
factors: L AR 1 I um topol ogy, and the protocol used to

cont rol aczlg)ac ‘%Hﬁ ﬁﬁé%ﬁiﬁ%} The protocol and topol ogy partly determ ne
the nature of t hecompuerioynistilap deviest typigallyshag @ bug thatepinects devings triie sy st em
One possible rel.atiopship is a_.master-sl r ' LRa:d N a

mast er - jbav‘é”?"é’F‘% f)gt?ghilguettﬁgvgg ﬁ’%?‘?\vﬁgg&sg%%'m%ﬁqtﬁgit%’gﬂ%pi cally all
gata ”anlsa&ﬁﬂ;ﬁﬂﬁg téﬂﬁ%ﬂdﬂ&ﬁc&pﬁfﬁﬂhbﬁgﬁﬂ&hmmmmng' edall;)et\’z?Eenia e., the
evice only responds to requests fraomthe, conputing. system but never
initiates acqml&‘HS&&\tsF%@dAtslfgﬁ@FfildeﬂFest%“\‘rﬁgg rfeg éal‘;@?“&f‘}‘m‘shi pis a
bus archite . \bla &?N- | st dd aehRid fof bardwidie Uni ver sal
Serial Bus %&%gemg%em |%§t?§#ﬁ%¥?g€‘gﬂﬁ%ﬁ?e%eptenber 23, 1998, is an
exanpl e of baspomefram mhultimediaapplications thatisequirgdata torhe trapsferredabregalant i onshi p

bet ween el epent s _cqgnpect e - :bus. :
Unf ort uﬂgt eltipe "ﬁﬁﬁ@s @ °°!“5’g3‘8§ se{“hc}"g\t/‘rl‘)(;:’1 e@g%éegg%%%@%ﬁ 6@%}2 bandwi dt h
requi r ement ghe bag, ofl il the bpiosite difdedon (oRL)n Exadples ofevides rbqbiring significay

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 architectire is partly determined by three factors:
20 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-slave relationship. In a master-siave relationship the computing system
initiates typically all 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 5transaction. A benefit of the master-slave relationship is a bus architecture
having relatively low cost and simpliéity. 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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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 swppwosess t wo data rat es 12 Mo/s ("full-speed") PCHYS00410R3 \p/ s

("l ow speed"), USB.a mul t| data. rat se sone
devi ces do noPUs igﬁ‘?‘JF"‘ R 10e) s A\ ‘?agt ewgﬁsdangé‘ﬂglggcﬁ]ges&%e@?gﬁéf i cant cost
savi ngs by tBﬁidﬂﬁitﬁquﬁﬂém&(efdﬂﬁamk)mwdﬁnﬂm%mbmdwmg rate drivers

and cabling. However, the USB proto | | ows the conmputing systemto
10 communi cat Bager-slayR bus,gangargs; ych ﬁ/&gﬁly%E devi ces and alternatively at

full - speed i th gl SRGRUH RolRAGAooRARY Bh bk ks 1984 {5 1 the

anount of data actu transmtted over the &ffectlve t hr oughput)
bei ng | ess & hmiatWhlaﬂarg@bnsevﬁ\tﬂet;, ib;dsuppwwwgata n?éesb W(f'ﬁ#lfspqu@ed

transacti ons. ]fgw)zs %ﬁo éd"zpﬁsgag&bsfth? e’ By Qhus edss ﬁgﬁiw dth

bei ng avai l abf“é -spee e EES, especially 15
when there lSdamseeldahwedmelwglgmmmardahabmmipmtadmsmemgsmc hed to

the conputing system Th ffect of speedshifi on t hput is
exacer bat ed g ad Y‘H’é‘gPaﬁ' gm&:ly BRO%PY P‘&tré“ V‘T%W‘E‘Efggg Zate is

relatively |arge. ARRLRELhPOSE pRitGoPEt MoRs BeLom Et@ﬁ%re the host to
(1) transmt at a high data rate a packet to a hub, 2 wait for the hub

to forwar dlOat communicate atdew-speedavithewZatasate dexicas gnd hléer@g@ﬁlv at fublyspogdi t f or

the agent to ¢ ceive from
the hub at a Pﬁ%'%?%dqaa r?t%[a gwk’%gs}%g&ew&fes tgtr]é]g]epg}g Pﬂt&q &é%?ﬂyemhen t he
ratio of the l&a%ﬂaitmm‘ﬁhbust(effbd\aethrwglpmabemgmgmmthhtaetchmeib]elbsarge this
bus protocol .,may also re t a low effecgtive thro t or .bandw dth
because of th&m %ﬁe?‘ﬁmﬁﬂw transectiony, Ing mﬁpfﬁgﬁﬁﬁﬁulﬁf“the | ow
data rate and|ds@pandRfitieBeng avaaéolé for hﬁgﬁa%de@(e gt hﬁl -spped)iRiites, adpe fcménot her

popul ar bus technology is defined by "Firewire' Institute o | ectrical

and El ect r bhi ederthgrejderelativelydarge myphey of lowispeed Mrceaatﬁicbw tpdhef or nance

Wile the agbrapEspus RO bl SR B e e S0

enpl oys 30 washeahtid ofdyighaditasrateftd Imgdmmﬂtalsreﬂatxvelyaargvel y cost I y t echnol ogy.
-2 WD 01108018 PCT/ US 0/10923 The rfo ncetﬁ a bu(i can
si.gnificantly affeé{‘ VA %B‘&Flgﬂ'i" ’iﬁﬁ‘f“ﬁ ghestio )“@Bmft&tbgﬁg}’orm

transactions @htadatk 9p&ketdshdub, E{iﬁn&hﬁﬁth% hh@&i fofldrd af thé Row 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 torespond at the low data rate.
Another popular bus technology is defined by "Firewire" or Institute of
Electrical and Electronics Engineers (IEEE) Standard 1394 for a High Performance
Serial Bus, 1995. IEEE 1394 supports multiple data rates, up to 400 Mb/s. While
the aggregate bandwidth is substantially higher than USB, IEEE 1394 employs
30 wasteful speed shifting and is a relatively costly technology.



and the ratio of the host's data rate to the agent's data rate... Thus, it
I's desirable to have a protocol that. allows conmunication at the higher-
dat a rat esWPEHOA0I,d by 5 today's bandwi dth intensive syseGHEsoMmIRzE al | owi ng
backward conpatifj.l.J ' - exl St f | Ut such, .as USB, and

wi t hout havi ng t@eggggﬂﬁé%éﬁﬁﬁ?%)ée%f%o}%ﬁ@ﬁeﬁggﬁﬁ?ﬁ%g and t he.

ot her di sadwaititgfpes hob tot fleeform trmsadiohs at@lewersiatadate dad howt datagitedat a rate
syst ens co%%cat.i gp'ﬂwilth,_ l,ow dat g rate, devices _has peen descri bed above.
Anot her i ssP8 ¢ BHRQT G hosh S Hae rai o baagents dats tes. Thys, it is@lgsiraRle oyl i plicity
of bus prot&ehprdtedol BrHNeRE smmbdicdtion hfthe KightralataSates RhirdIYyY, @ device
manuf actured to operate in accordance with a bus protocol wi'll not operate

in accopdaiféay vihandwidtiyintepsiyesystems while alloydng backwardsppmpetibilitytwdthul to require
a user to g‘e(yge- . ' |G | differences in

t he protocol. %@éﬁiﬁgﬁm*?g%gﬁgﬁ ase of & egi%gtggﬁ el r?f:; used. that have
a si gni fi camposeddycpeed-shifiing ani therogher disadvhbtagesif thelprier 4@ al | ow such devi ces
to be used with CONput i svstemt hat has a pr.otocol  that provides
backward conpat i@ellﬁsggyaf%{h%ﬂﬁgbp‘ia&r& SYSTEIRS pqrampr &“&@?“@f@hﬁ’%g ante mary of
the | nvent i deRicACiee bekntgsdribediboteDARMER Hsudfaked hEcompufing dyefemd afik hod for
communi cating .20 data between a host and an agent 'is déscribed. The nethod

i ncl udedOt o thegaulgpliciy pf Rs praoterols (pr standagds)thataeq avaiabile t Twpécally ahost
controller ale F aith . | Jransaction
wi th an age(%?}é%glsed gﬁrz?ﬁ)e%ﬁésltﬁ mt:éragﬁislactlo%&%ﬁ%w%glﬁgﬁogﬁggﬁeéncl udes the
step of peraceardanagwith ¢ dfferant byusquetacnli Bmaydewasteful trerequirstusetaomal | er and

the hub. T | Lr ctiqgn,is hased.on the _single,25 trapsaction.

Bri ef Descp %ﬁ?&gg&g’?{etdﬁgg%rs}a{nvﬁ%ggca & presane P mfet’ﬁ&f’fﬂ% NS Pget r at ed by
\Q/ay of exarmtmmgmﬂbh l_onlbvxk 'b?smehg' hheilrtléatihﬁveﬂi@iﬁ&inﬂ_woﬁ&n?)o ﬁPﬁé,anwwganyi ng
rawi ngs_in e ref.erences denote. simlar el ements, and in

whi ch: ?§ \ﬂﬁ‘@&ﬁd@@ii‘é” Fﬁﬂﬁﬂﬁfﬁ?ﬁa‘?ﬂdwgéﬁm@&m}gsﬂﬂ%@!ﬂﬁbﬁsa& bl ock di agram
of a di gi t Protsdbt HRAMPrEFidEDbaskvr®ERRsHkibliEy w%ﬁ&ﬂ&@é&%?tﬁ@'léélc%ﬁ&j&.esem .
invention; Figs. 1b, is & id each illustrates a process showng a nethod in
accordance wth this invention for conmuni cati ng between a host controller
and a hub;

Summary of the Invention

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

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

30 elements, and in which: -




5 Fig. leillustrates a hub in accordance with the present invention; Figs.
2a & 2billustrate state machine diagrans for a host controller and a hub,
respectivel wo@es#8rming a transfer in accordance with t hiBCRO¥H o,

Figs. 3a & 3b ill I BrostiifkG 'EE O AO5BRT s¥stim AsiflPs brofeBitino! | er and a
hub, respectivel ytﬁ éﬁ@rm ?\%E&g%tgh%e trgnséglr |s§rls acccl)irigd)air,\ce wth this

i nvention; Iddcdrigse with the ptésentliventiomyt e st at e nachi ne di agrans for a host

controller and a hub, .respecti vel. erform ng anot her .transfer,in
accordance with t Higs- ”hjélr%f i‘i)ﬁ”‘cg ﬂépggt_es ?’:Bmg?s%gmﬂ‘i‘%aswgmﬁcg?rgmr%chi ne

di agrams for gh@stinveatéd Rk behmasicating betwRen & Bésh srtioller and afh@bs or m ng anot her
transfer in accordance with this invention;, Figs. 6a & 6b illustrate state

machi ne di 8gr ans fEsg- 1g iliustatesa,hbyin japcordaneg with the presefs invepliGhact j vel vy,

per form ng anot herng. . !'i&amé ' S hbdA \e6ibdiRPand &1 9S. 7a &
7b illustrate st atFéésrﬁg%girilfeﬂl | agransgl?%ur;&a %%ﬁ@gﬁtlf?%l | er ugﬂ%ln ad:hub,
respecti vel y, hubgereSpectivelyy penfariing a tranafes incaccordange siithdizisiinvestionh t hi s

i nvention; Figs. 8a b,.illustrate best case apd S ranmes for
data transfers inﬁ%&g‘mgﬁﬁiﬁﬁa‘?ﬂ‘@" 'Pee@%?mf f?&%ﬁ@#ﬁ‘;‘@%ﬁ Fig. 9
il lustrate tixgbnebssbciely Ferfériing Wsthet Ratisfed il Keordatte withnkis divestim, and hub-
agent transactions. Detailed Description A _net hog)rand appar.at us, for

comuni catlPng bet Aigs 42 &dillusirte state maching diagrams for a hgst contraller gpdea i peq,
where the ag f&g,\;gemuj EfSinithg shoftlef frisfR in RBGAEhcE WM ARis ilveidacol than the
host. In the%r ng }ggscrl pti or?, for ?pur.poses of expllghat ion, numerous
specific details digs.Setk Stoillustratestate dachinedipgrams fie adostisortmllghandwer st andi ng
of the present .invention. It will bhe evident ver. . -.skilled in
the art that nlf‘?‘?eres%ﬁgé‘éeg*tperif%r\'/né?ﬁ al‘né’%erng?/nsgeg mpafcggrt(a%ﬁ%cg lt|hr¥fu g u@%ﬁ? ety of bus
systens, especi al IBigs 64 &aéb iBisthitsaste machihodibgrife e ahpstCoftralletiaidd | s. 1 n

ot her instances well known operatiqns t eps, funct i_t%n . and devices are

g rangler i

not shown 1Pn Bibgeespectively, pego o RFSORIRRES W S W¥ep9% 8018

- PCT/US00/ 10923 Paffibe 79 & THSIBRE$tite il afind\iih grai fo? a GO RO RIS hitla
term nol ogy commonly enpl oyed by those skilled in the art to convey the

subst ance of l_ntberqspmv&ty,mgrfmniw@oﬂsktrans&ainwc@nd@mmiﬂltbiaérwea@rdevi ce or
cont ol er 914e1 by By A i e

and so forth. A's ption W
accordance with the present invention; and
20 Fig. 9 illustrate timing diagrams for host controller-hub transactions and hub-

agent transactions. -

Detailed Description

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

steps, functions and devices are not shown in order to avoid obscuring the invention.
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5 presented in terns of operations performed through the execution of
programming instructions or initiating the functionality of sonme - .
el ectri calweemsusent (s) or circuitry, using terns such FF/USO¥IHr ni ng,

sendi ng, process chedul transmittin onfiguring, and
so on. As wel uir)l rgﬁlgg cg(/’g@”g e ° EREY tF‘g% |%%'8@8ﬂ°°“%%§% oper ati ons
take the foe:ﬁplairedaiyaﬁwelsmbd inrtheragmfomeyahe mhﬂamlofflﬁusvogmi ¢heapabl e of

bei ng stored, transf erre rrbl ned, ot he mani pul ated through
el ectrical sledindhnast syc ‘ied’tﬁg"'ﬁ'ﬁﬁ’i‘?a‘m"ﬁﬁs %qr og} 0. b8 as nultiple
di screte stgps, Pe[g@ﬁig dnﬂs&ﬂfrﬂﬂ W]soapif&r!i?ﬁ{e iptibwilPado el pful in

under st andi ng tghe présent .1 nvention. ' However, the order of description
shoul d ndt presantaddn muoié@exaaonsm@rfyrmwathrouﬂe@e exerBtionnfiprogranmingr e

necessarily. perf.ormed d S or even order
dependent . Eggﬁtmm?;e%e% é}ﬁusa%je nﬂ#@%%g; rasécgl E)onﬁp § %t@g%odi ment," "in
an enbodi neirduitry, iising Rithesuoh s, paf@niing;lmﬁmg processing) packagi@gnat e enbodi nent "
does not arily refer t he sa errbodl oygh it may. Figure
In illust raf‘g’é‘?“j ‘?{\%SB‘F s i B ‘B‘FB‘?’BE%PYH’%S%QCN dance 20
with the prﬂéﬂé&m'ﬂ{b‘/ﬁ[‘&ﬂe&% eﬁﬁ&s%ﬁ@%@?ﬁle&léﬂ&ﬁﬁg&eﬁ@&ﬁ)ﬂcﬂg a host

controller 110 which'is coupled to hub 120 which is In turn coupled to
agent 130. sigeals capale efteingstorad) transferred, combined and otheovise manjpulgted 105 t hat

executes Ongs e-d24 com I es of agents include canmeras, conpact disc
pl ayers, speaké&rs, m crophones, .video display devices, scanners, and
joysticks and mvmouanmglonsWﬂb&ibs%dnﬁﬂtﬁk@méﬂépswfommdlimde any

Computers,  BELRARDs s POty B BeRap e B IR ¢ o) hont
systens, anﬂoﬁé\m thGratr e descHPitntioeld hbdbe colitfed 48 HhpQRhAdiesde  practi ced
with a variety of digital devices usi ng di g"'i@ycommnl cation. Two arrows

101a andS| consrations #e Aegessarlymegformed,in the order arepresppteds pr e‘GB reference as
Ijl()r fagtel glnr ?‘?‘Ighrrﬁ% %Idggtgam[tyo&?ﬁd%hugﬁ%rﬁhé%ﬁuo ?%on ost Isr ef etraFe-(Ij-hteo as .
t he upst r eaembodimént N arOalte0@GvBentiOiingaG! 00'GR3lterdate embodiment! degsaot eam (iii).
The directi onl”sfsgj_l reijé'reto osstamtégm 3&18&”5&1%9&1 ‘2&;&0 t he
' Figure 1a illustrates a block diagram of a bus using a protocol in accordance
20 with the present invention. Bus 100 includes a system 102 having a host controlier
110 which is coupled to hub 120 which is in turn coupled to agent 130. Host
controller 110 has an associated device driver 105 that executes on system 102.
Exah1ples of agents include cameras, compact disc playérs, speakers, microphones,
video display devices, scanners, and joysticks and mice, among other devices.
25 System 102 can inchi_def any digital system capable of digital communication,
especially laptop computers, desktop computers, servers, set-top boxes,
entertainment systems, and game machines. Consequently, this invention can be
practiced with a variety of digital devices using digital communication.
Two arrows 101a and 101b are drawn in Figure 1a to provide a frame of
30 reference as to the direction of communication among the host, hub and agent. The

direction from the agent to the hub and on to the host is referred to as the upstream
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agent is referred to as the downstreamdirection or downstream (out). Host
controlter driver 105 facilitates comruni cations or transactions between
al ong bus XPof/s@e@. ., on behal f of an application executi nBCHHES®3REm 102)

5 by processi.n '&r@%ﬁﬁtgt%a%‘;@ﬁ%&?&hgﬂﬁgﬁ%éﬁ@%%%ﬁ’%%n@&ea”d

schedul i ng t P Fansm Ssiron by con r 110. Host controller
110 sends d {19 reféreed to eCthi dewnstreim direqion agdownstredn Gat)a vi a hub 120. Agent

130 communi cates at a different or Jower data rate (.agent. data rate) than
the data rate of Iﬁ@éPOIE'@HF’rd&VF"eerSé‘GJ“aW8‘%”["“8'3?3&‘°P%1?r(e'3‘5%s‘\f$'???5e only one

agent is Sh0%&%%%@%%20@{&,%%&oﬁhqy;mab&n Sdodingdhefiterh N62) addi ti onal

agents (not attached to hub 120 or to other hubs (not
shown) . Tisesby prdéssing padketa gEinformatign destinadifpragent 130 apdechgpdplingdhs o rate or

t he agent data, rate. Further i i ed to hub

120, it naypggetg%mﬁagﬂm%%&h%&%% r%lrlgugﬁﬁg{) " 2‘%&%1%0%%@?3?&2% onal

repeat er typeschivis dafifrom ageat t30adutaadtia hitte] 20g exgentol30zomatueicates aianvent i onal

repeater type hub repeats signals (t 15 receiyV. on Lis. upst si de on

i ts downst r ediffepat erdowerfiata a&?ﬁ‘r‘i"ﬁ’.raﬁg‘mgﬁrﬁéﬁﬁe(‘}hg?“P@“g’é)g?rgfr%type hub

may in turn p?c,}%%ﬁteszrwmé&193&@5@&3%@&&@@9@@1&% 1120, it biatd eont r ol | er
a

110 and agen vé a naster-slave relationship which neans that the
host i ni t10at epparenpthetddditionaliagenit Grot shamaheanibsatfached tadwih 1A 6T tpfdReTand an 20

agent; i.e.,,th nt o Q]Hp% ﬁg,;“? never

initiates a p%fﬁgﬁt%ﬁ ?‘;'otrl'?.' ‘?ﬁ%&@% a eé‘?ééagggn - ‘gﬁﬁ,ﬁ%‘kgﬁiﬁh gt?gat?ﬁ%t shown)

that al | ow hitie ahest dataqatt.cFyrthremork ywhiteigentd30vissshowm nouptidde b 125 itr ecei ved

from host controller 0,an estjned for agent,. 130 a rarily

store upstre&FﬁYibﬁFB‘FH]f%’tltPé‘H ?%Oc'g‘f"\}'ghaﬁf % Fntﬁ%%ﬁgggé’gfl%@?or host

control | er 1%&emt%§at%é’£g%nﬁﬂﬁ%tel%%ﬂ%ﬁb@ﬁ&eﬁéﬁt@ﬁﬂ?@é hubrrepehfs signatnini cat e at
t It

different data rates, I s desirable to enhance the effective throughput
on the buts byecsiveyondityupstreast sideemits dovmstreahparts. andivase §5'&t Th®nt rol 1 er 110 to

both (1) commnviegeé@ %ﬁ%g}f&ih&%{a&%@nE&E%neamo&%gedwisdm&eh% wai t for

responses fr@ﬂ%‘agen ore engaging 1 n another “transaction. The
protocol of ftihe present invention allows host controller 110 to take 30

host cont rol | or bocpprllh s 120 frte Aol iiad uhfia [ ehage
in another R ¥\OnelhORM Britleel typReiy A1 Y22 transactions between the host and an

20 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
agent 130 and destined for host controlier 110.

25 Since agent 130 and host controller 110 communicate at different data rates,
it is desirable to enhance the effective throughpﬁt on the bus by providing a protocol
| that would allow host controller 110 to both (1) communicate at its higher data rate
" and (2) not have to wait for responses from agent 130 before engaging in another

transaction. The protocol of the present invention allows host controller 110 to take

30 advantage of the store-and-forward characteristic of hub 120 to allow the host

controller 110 to communicate at its higher data rate and to engage in another
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transaction instead of waiting for a response fromagent 130, if a response
Is required. The protocol of the present invention also provides robustness
and reliawolo1p8e18 o transacti ons perfornmed between cont r BET/E$001993 and hub

120. Addity v, k h% of t .present i nvention
allow i ncre%a%g%héyg?%%g?wg r%ﬁ*ﬁ‘@&?g%ﬁg%ﬁﬁ E)#;?faan%sl’f)’?%\}?de I'ncreased

r esponsi veneqsret 0 Thejprotosol(afdiie prasentinyentidredisccprovides robusmessanihe host dat a
rate and th te attached to. hub,, 120 or other,.huls., Figure | b illustrates
a process _'1'.%% _ macémﬁseW%H’_‘?dnbeﬁ%e@ﬁng %O_taﬂgi{*‘hf ‘i nvention for
comuni cat | Adtiérally, e REEntrbidst ahdjorchub @i pkéntGhvehBocdliow ifl@taed 10 rate,
than the data rate of a host controller. The agent may al so have a

di fferenf ifsetiechrovghpnt entbe huwand prrvidednaressed yepprasiyenessio agents @et used to.
effect 8 VabhVnfcomihRb: ﬂh?ﬂo%ﬁﬁﬂ?ﬁ@in%tﬂﬁ%%%ﬁnﬂéﬁ%h&%b%?”er 110 and
un 150 w Tl

agent 130. For ‘ease o \der st andi ng process only be descri bed
here with rotheahols.t o a bul k out transfer. However,. process 150 can be used

ith h i nforation, f 15 | bed ' bel ow.. bul k
Cransior data | SRrRterbeRRE Tpismr LER SRR atRrh RaesRBphi 130 vi a hub

120. The buhis ifvehtidn foncehuricatifg with eslageacitivitigdowert (Or diffeat)@gth ment of this

i nvention as an asynchronous transfer type. However, it should not be
concl udé®l fREHhERE dejafateefa host qoptrelles n[hapgent mayplsorhaye e diffesentf er need be

asynchr OHO%r%w&ﬁuﬂ, 138k chrrfoller. PloB&$$50 éaﬁ(ﬂe%se?itt@reﬁ‘eciglgﬁest% pansaction is

performed. "The start split transaction comunicates ream i nformation
from host duoformasiondransfarg betweerhhdst copgoliesd @ ansk agentcl 30 oRorsaaseeefm i nf or mat i on

conmuni cat ' rily. fer in b .. .The buffers in
hub 120 |a$‘§8%’§“’%‘§'$%@'§9ﬁf%’ ‘%@[grﬁg{b%idé%b?g{mgmeﬂ(ﬁaﬁ%% ﬁé‘ﬁ%@?ﬁ and are
descri bed itransferc aHewewds tpeockssiisD oan beSpatwith otherinforinhidon thdnsfedownst r eam
information is_ buffered, h 2 erfo a. hub- age ransaction (not
shown) . W t ﬁegﬂ@?#ﬁ%%%ﬁ%g_a&&?“g‘cﬂ%ﬁwkf &HW‘%@&B‘%@%&E’E‘( eam

i nfor mat i oRont#diRr I AU tBlalzet 130 ik Bidb £do. T b{iﬂtbmﬁﬂﬁﬂfer‘isrd%ﬂﬁ&ﬁ{cb&ﬂingeed not be
descri bed herein because one of ordinary skill in the art would recognize

~that this itamembadiment of thisinvsntiomes anssynchronens tonasfas type. Jlowaves it t here are
ey 50! S e o ol Bl SRR BBk, 2L S
I nf or mat i obeiasynbhrbhmsed, at step 156 a conplete split . :
20 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
temporarily buffered in hub 120. The buffers in hub 120 largely behave in a
first-in-first-out (FIFO) manner, and are described in greater detail below. Some
25 time after the downstream information is buffered, hub 120 performs a hub-agent
transaction (not shown) with agent 130 based on some of the buffered downstream
information. The relative timing of the hub-agent transaction need not be described
herein because one of ordinary skill in the art would recognize that this is an
application or implementation detail for which there are many possibilities. The
30 hub-agent transaction may result in upstream information being buffered in hub 120.

Some time after the downstream information is buffered, at step 156 a complete split
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-7 fi WO 01/08018 PCT/US00110923 transaction is perfornmed: The conplete
split transaction + iltrununicates buffered wupstreaminformation from hub
120 to host womi/eoks8 er 110. The relative tinmng of the conBFEUSOMEPZ3t
transacti on need not.be desgrihed herein. on . rt!i Rl skill in
the art woul dTPS¥HGR RSP Pﬁ???ﬁletgﬁ&g%%ﬁ%ﬁﬁ %n%ﬁﬁ?a%l ement at i on

detai | 5 forypslibdmidfétiiatiortfrem ab y2Pudostohirsliee $ 10. Aheavlafivd timingiofie spl i t

transaction protocol is_that it allo control]er, 110 to initjate

conmuni cat i onthe sempletesplititfansactiononged p dﬁf“i"{he&d HR Dgesyse Mg @@“?aﬁy anot her
function, or bt wola rQB Enic OB RIs G9dn RPlivktibh oPRPldiRdntAABR Abtall| OW dat a
rate or hi ghﬁﬁgtﬁgﬁ?ate agent?najt__.sjt eB 154@@and then'return to conplete the
communi cat Sonfor whichHierewars niany pessibditiedar | ier with the | ow data rate agent.

By conmuni cating ugin L i r; EQJ‘Q’ {fgHpi cates at
hi gh data rates W‘ghg%ptg%ée;é%@éﬁﬁ%%dﬁa}ﬁ?lggg%l{r)%itoséi |<¥l€lg whi'l e waiting
for hub 120 t pittxdeonitneadaton\(stan-spligeaisaciion) witlnagent 189 , tchgdgewarothenave been
spent being idle can be used to comunicate wth anot h@r a%gnt. I n an

al ternative efiBgtinmyenterss 1 apghe sprmupicatpnwith apothsr ageat (low 8 &,

cont ol | et 114giRlka SHBER P PACarR hct o8 ¥ cofhpRAVTRe asiRMbSicatiiths

engaging in s t transaction comunication with other agents. The start
split and lohewavinplatadeardior with the doys data raspagepts By communicaieg PURg)  descri bed

above may be b | € Aefhe¥ h%gs)gp@% fe.g., read or
wite) for coyslﬁm c%ﬁ%%@%gﬁn co?\a?érsﬁﬁ%ir?%{iﬁ an ggent 130. In an
20 enbodi nent spekd-shiftingiand dees norsifidlerwHile aveitingrfot ubal20 twcommemedtewithequest s)
are defined: bulk out/i.n, contral out/in, interrupt. .isochronous. It
Shoul @ be appaBhi3 ot et i i becoigpra B Eeen S8R T e s i1 ana
scope of thi scidieaibdtoRith Redthesd 8Sen®t IhGin alteiREFH diftidtitment intack@iice wilr e or
different transfer types. Each of the transfer ty&es . praovides different

S

| evel s of Yobthsthrsees inveationapentiofler 119ymayrangsge s enesdrshifling TRy Somspgents
operation, ercgn. gﬁa%gt %tlia\g'%xggﬁfgﬁ%ﬁﬁhﬁﬂicgﬁmﬁbﬁx &ﬂéPHéEP-t&at ion flow, and

other characteris be apparent to one-of ordinary skill in
the art. For exanPhestarbsplikamalithe completo wpld drandactians (spliywaisadions)s dat a

transfers fromcaontroller 110 o0 .agent 130 or iyt 0 site direction.
Control outli es&f‘@"(ﬁl “_gPYf&/'P%Ve U3& ﬁdnﬁﬁméa?ﬁgbaot{ﬁﬂg%fg&%?ﬁm Rroller
110 to agent H3#k)%br domniviRamipfatd BebwsbincBAirdIRA11004Hd ag&if 130. Inan

20 embodiment of this invention four transfer types (or transfer requests) are defined:

bulk out/in, control out/in, interrupt, isochronous. It should be apparent to one of
ordinary skill in the art that the spirit and scope of this invention includes other
embodiments with fewer, more or different transfer types. Each of the transfer types
provides different levels of robustness, reliability, synchronization, asynchronous

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

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

tape drive) in agent 130 or system 100. Interrupt provides a periodic data transfer

Y



30 data is typically control information used to control the operation of
elenments (e.g., a tape drive) in agent 130 or system 100. Interrupt :
provi des woM/0808li c data transfer _$ WO 01/08018 PCT/ Usmmm from

R Y S R e T

accor danc esustdsiful, bomgrollemiMe Maycny aghmcm b enbodimert limmbﬂanan\mh #tliss a data

transfer once eve redet erni ned. interval . Accor .tqQ an

embodi nent ‘“B?n"Pﬂei é‘r“g%’ﬁf"?%% {qudﬁs gEf'f@ FfOngS eveTRE W%HP at any tine
during t hegdhb fRerbdl! AbdoMling Hantdﬂﬂaoﬁﬁ)?eﬁﬁéﬁﬁejt:&swinv%ﬁ,etﬁé{rhﬁsfer control ler
110 will not repeat the transfer. In an alternative enbodi nent in

accor daficemay e¢eur #any s duting the Emeierval; Rethe tansferdsnt successfif er may provi de
for repea f n t B, a nunber of
phases depéoﬁ%ﬁgﬁéﬁﬁhn&?% tﬁgér'\é e?&t%g%%%gg% |rrp erren?%d Each of the
split transsotdamesvithetre prasest mpertion,tthe sechrqnoasrausfer edag provitletfer and
handshake. However, depending on the transfer being perfornmed, sone
transact i offBHHISfE® e fewer phases. In an enbodiment of the present

i nvention, bul kripngliQfnidcibnsGidy iHdedd I RinfarEs pHass Asp dnﬂin%%ﬁ'ﬂ)eof their
respective split transactions. The phases for each of the transfer types

descri B8d tapste e beipg mplempptedy Epalbpfefhwlmrm@cuqnpmhe‘eemtoanee X' in a
cell of th b t t he. transfer
type has t eag%h{ggeen |hn |a§g{he Siétitiét he%&gh%p%n&&%%aﬂgtgﬁngﬂﬁ\b% ich the cell
resi des. V!mrfoanedas@memsmﬁommmeﬂmrphdsen IarademﬂadlmeWslns are separate
for each of _th %nsf pes li n Ehrnatl e enba%hgxm t he token and
dat a phasctreteimkaBRs ik s il o Geu ARk Bl MR RIS o) {'or nat tve. 20
enbodi nentﬁsﬁeemmmymanmebaae& foeesth of thetAnsfex typud @Bsciibéd er ent phases
than those shown in Tab e 1 without departing fromthe scope and spirit of

the prdSentbove agshawiin Table Ibelow. Presgnge of an X" in gpellofthe table Conpl et e- Spl i t

Transacti OﬁdchtE@ﬁﬁﬂ‘ thé %{’Tﬂ BEnsd QoA Forthd BansheP 50 Bliihd PR indfthidd @ Shake
Bul k- Cont r ol Bul k-Control In"X X X X X 30Interrupt Qut xx

"X X top of the column in whlch the cell resides. While in this.embodiment the token and

data phases are separate for each of the transfer types, in alt_ematlve embodiments
the token and data phases may be combined. It should be apparent that in alternative
20 embodiments transfer types may have fewer, more, or even different phases than

those shown in Table 1'without departing from the scope and spirit of the present

invention. -
25 _ Tablel - : :
Start-Split Transaction Complete-Split Transaction
Transfer Type  Token Data  Handshake Token Data  Handshake
Bulk-Control Qut | X - - X X X X
Bulk-Controlln | X X X X X
30 Interrupt Out | X X X X
InterruptIn| X X - X :
 Isochronous Out| X X
IsochronousIn| X X X
35 Figure Ic illustrates in greater detail a process 160 showing a start split
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Interrupt In X X X Isochronous Qut X X Isochronous In X X X 35 Figure is
ilTustrates in greater detail a process 160 showing a start split -9 WO
01/ 08018 PCWQB0@0m0923 transaction for a bul k but transf &TUi0048¥3r dance
wi th an gi Si bodi ment E il py i Aphpacket

I ncl udi ng hub%i%ﬁseq%tfolnfﬂg{%tﬁ%ﬁuﬁ n o@%ta?%ﬁ?ég%ﬁ@%%@g%ﬁggm ntlaulpdent I fication
i nformation, tiveAtdne rAtisyepd 62 anakien packet ihclnding ob fdentifiration infwertiation, of t r ansf er
(in or out), and data rate.identification is sent fromhostf 5 cantroller
110 Lo hub 1208eiEA Fasiet RrEEERIRR HRrDRIRD: UL YR8, BUEHO F PERUBS nt

i dentificati ongideffoRlofBhhsfd? (indh Gut) 2n@ Ahta Phte RlcALARBEH RAENTRMRRLY referred to
here as transaction addressing information. The agent identification

i nf or mat i on3 i ceentreller B tohpl 1204 rHytridentificageminfogmation, and-ageptand jgadpoint
attenpting to. ' . ' ' [T | ' j.Qn
identifies a plar Eﬁ?{gﬁogﬁkg%x}a;&?%ﬁ% ?W%@h%éeﬁgé%r%h&%ﬁﬁeﬁeﬁ%@%gﬁ {floagt IS
attenpting to transaction sidtessingtoformlation. Cfheagelptddentification linfommatior identifiesaker and

i ght k f a, ker hub, . ker d m h t el eph
handset . The. (PRSI PETEvI oD S BHCA SPORAER CLRBORGaE T8 FAPPER | s not

limted to thgdéntiiRftionHE¥oMmidtibR sHehBi @l dpattfoulhr portidh kn @Y hgent With Whithlthe
I sochronous, control), but can include other types known in the art

wi t hout dep8r thosis atteanting to eommunicaig Examplss obendppints inddude leftpppaker andat o rat e
i dentification,. Si%hlﬁ ] ' : =

transaction der}é%gl ede;%%%g@%%%%%%ﬁg@g@&%@% Vél%\%l etbe

per f or med. ForThearansfettypé ineting transactibn eddressing mformzagion is rot Hmited to theitypes
performed in accordapce with he USB standard, data xate identification

Bl 1 Cspeci y clerbied Boeings&. bytkior, Bini) igriorons, ReDRBrURtis | A ot ep
164, a data padli@iypes kil inftheift Witidut 8&Paiting!fodd thd Afkrit sd¥opuf thi20. At step

166, a first acknow edgenent is_received b‘% host controller 110 from hub
120, if thdSdaingenygn et mpieidgutificaien sneeifes thg dasg rate Wwith phich-thehybragent

A S M SRR N 1

or- whet her hu wants to be trie buffers
and was not adl embodinzantmprhichtbe tuh-agent Ransédtign iscperfdrméd instooadasse with gr eat er

I T T T O

1.5 Mb/s (low-speed). At step 164, a data packet is sent from host controller 110 to

(D

20 hub 120. At step 166, a first acknowledgement is received by host controller 110
from hub 120, if the data packet was decoded properly by hub 120. The first
acknowledgement indicates whether the data was decoded properly by hub 120 or
whether hub 120 wants to be tried later (e.g., hub 120 had full buffers and was not
able to accept the data).

25 Figure 1d illustrates in greater detail a process 170 showing a complete split
transaction for a bulk out transfer in accordance with an embodiment of this
invention. Atstep 172, a second token packet including transaction addressing
information is sent from the host to the hub. At step 174, a second
acknowledgement is received by host controller 110 from hub 120, where the second

30 acknowledgement can either {1) include handshake information received by hub 120
from agent 130 during the hub-agent transaction described above in connection with
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I nvention. At step 172, a second token packet including transaction
addressing information is sent fromthe host to the hub. At step 174, a-
second ackmumiseigenent i s received by host controll er POFUSWO2Ub 120,

where t he sgcond,.3 G, i [ gég Laclu hapdshake

I nf or mat i onﬁégﬁeel'bv%éﬁdé&%&%%m? pggn%ar}lé’g%%&%ﬁ)‘ ur fltﬁodl bfag% Bups agent

t r ansact i onibespestitiagshctidrois dorwardto hostecbateollen 10 (e.g:, ik hi-agdnt08018

PCT/ USOQ' 10923 Figure l:-b.or (2). indicate that-hyb.120 dges not yet have
i nf or mat i on'T4REREN Wﬁ%et'bﬁﬂ"(ﬁg’gékﬁ‘ﬁ%j't f%’rﬁa&esthﬁg"rﬂ“ PUpnIENIGaESy host

control ler Jidnd )%gemtlb@px!wam%‘éwed defaNAAS thie RlbHgeht RRdsatifoh been

conpl eted). The handshake i nformation indicates et her X{l,) agent 130

proper | y 5r e@GK)e(®) dgent 1 indinged that ibigipotableto opetatenqomalln(STALMNEKY , (2) agent

130 i ndi cat 1 e . I (T, or (3)
agent 130 ﬁg?%’gffgg ‘{‘?%g%‘{u}?hv‘\g‘g%“ged’t “?38%‘1?%‘?%@9 (KX ewmh\'ﬁ?@l’{’%% le the first
and secondseamidraokvosdeizaments amirthe hindshakeohfdrmiation nfve beai desoribedae been
descri bed as .specifying,.certain indicators, it should apparent to one
of ordi narysl’g?é?yﬁ'fg‘?eFf_X‘PI‘I'gd“?F‘FS’_“tsﬁ‘o’t‘flggﬁé@’é“&&f?r?&ﬁﬂgﬂ'am'_ “_Q Hhndshakes
and ot her OoBfshéle aéknbWRAzNRnE 20d KBlsHAked 1A AR BhesWeitRibed NGHif dayONS.
Addi tional ly, acknow edgenents and handshakes different from or additional

to the dResrepressat ptherdndieationn Additiosally, aslngwiedeementyanddiandshakies enbodi ment
wi thout depgistlefidrded G ddtliBnaR) fe bn@ s HhOPRerbh ddelaladdlh b, VI € the

above descrip n has generally been presente the context of agent 130
and hub 12(eleomtivesmtodiment withent depaetingdeormthe apieit addbscopend thikainventian.e 15

bet ween hub 120 ost cqontroller 110 .those skilled.in th re will
oppreci ate t hat VeSS Moy Ahinatos ety i Rhen Blut B ofioe o' 1 ower
data rate tgpest 130ghEintdi20@ominihitatingSdt & dlver diita @it€thak tHeadataditea. rates but
different protocols. Wiile in re 1 only one hub was shown in between

z
the agerf diréveendub 2 ‘_mdt}ﬁétr"@m{“l?i{%lfj Y0, these skilied ip theartyell apprsciats thap o ¢ i cul ar
-agent and the host ﬁem&t‘ﬁm\%@ﬂ{n&ﬁ&d t@gﬁiéeaaﬁﬁ&&rda{aﬁ'&@% J.tn%ger%an descr i bed,

t hose skill ed in the. ar apprecl ate that other s can be used
Wi t hout depatetipstepds ereren sgalglatyatepput dfferent prptocplsi s i nventi on. Each of

flaures 2a 20, v edas i 0o S 0 Phonidh e Al LHRIRE ©5 2

state machi ne di'agram rformng a using ost controller and
a hub in aheekitbearultiple hubs bedtwden usyparticuiar gt amxbthahodt. Whileanlyak a suffi x

S gtk o oAb 0! 198 e ST Sl PR © T e
types can be used without departing from the scope or spirit of this invention. '
. Each of figures 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b, 6a, 6b, 7a & 7b illustrates a
state machine diagram for performing a transfer using a host controller and a hub in

accordance with this invention. Figures with an "a" as a suffix show the state
25 machine diagram for a host controller; the state machine may be performed on host
controller 110 described above in connection with Figure 1a. Figures with a "b" as
a suffix show the state machine diagram for a hub; the state machine may be
performed on hub 120 described above in connection with Figure 1a. The state
machines illustrated in these figures show processes having multiple steps. It should
30 be apparent that some of the steps may be divided into more numerous steps or

combined into fewer steps without departing from the scope and spirit of this
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controller 110 described above in connection with Figure la. Figures with a
"b" as a suffix show the state nachine diagramfor a hub; the state
machi ne nmay weoi/se1sf or red on hub 120 descri bed above in coPERESIAMM2Y t h

Figure la. The stat hines .illustrated.in these:tigures .show processes
havi ng nul ti pﬂ“@ené‘f’ﬁ'gg'.es ’g?‘f’g"fleﬁ”§(5‘°{)‘£es‘gg’ﬁgl‘%ﬂfgtg%%]fbg%#%e %‘?’rt he steps may
be divided i ngrdiioh Shold By psredite e efordifdriyBkillahltheiaft! Bof @veo6f St eps wi t hout

departing fromthe scope and spirit of this -11 W 01/08Q18 PCPI US00/ 10923
i nvent i on. Thendststendingthe.pragesses performed Jy hestatemachineg agsqot describadocause t heir

oper at i on SOyl S6REL E0brob Qs @YETBINA My Hhbdihes ekl ey PO case

of understan t he processes by the state nachines are not
descri bed 5sefar, ascbipyocesihasstepsinhope exeoutinnglepends on thecayrenesofeventeonachi nes

on't he- occur  Biieah B cyEppesfy heBpREBm el YRRIRERY | 07 CoPencs

descri ption ofacilitste pidesstifdiag. are interleaved to facilitate understandi ng.
Figures 2a & 2b illustrate state nmachi ne diagranms for a host controller and

a hub, respecti veliguresea Sotihillygraie stats maphine diggrame fir g dsteonirelier and &
| nventi on, 10%%9?%%%?%%‘&%9&5&&%ixpkﬂc&d&%%tv&iﬁﬂthfsri@%ﬁfi&f- Process 200
snow

and process 2 *“"state machine for a host controllér and a hub,
respect i vel0y. siRerificallys splitout hulk{eduizol transfen Prqriesst2001and process 800 sheamtbag a t oken

phaze (U)o B AR e B g 0 L1

times by the I meou curC'durrn ases of a
transacti on agth sjlit trassavsiv@nhdving dvokén phasd (XOUBrand adath phask @ATAR),| n response

to the start sp]jt transactjon rogess, 260 will eithe t opagat e t hrough
States that wPbich ey B eresied ioshieRBiEs by e b sorErlisr Woel HERAGS Wer 1ot 1y
after a CcoOMyRizahd fiasdsdF b HaaGiontattanPt KeaRss MediRost Dnirbifer ARG the ®ARL I OI | €1

(ACK, don't accept data), request a host controller retry due to |ack of
space to HA&l dInnesponsedp theistagisphtiranssction, renessad60avill eitrgrpropagate theanght up to

three tines. . toa

conpl ete spli F&%ﬁﬁéﬁ%ﬁb@%ﬁ??&ﬁgxﬁéﬁ{régnq{sogégﬂ%é\né%nat he hub and
agent was succeamsbnitdtipn failncesfadanib hAutishakedd thehestwbttesller (AGK,NRI’t abeeptn t he
normal 1y (STARER et et Gotsoenar buro Pk OR ey HEHE S SRR, or < he
XIN ‘or its rGsReRaacn (NEK)S BN BmERitp' i Rk tifids.f Plobést Soddldws eRtloked in up to

three tineouts . i
20 controller response to a complete split transaction (XIN) when the transaction

between the hub and ageht was successfully processed (Advance), resulted in a NAK
from the agent (NAK), 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
25 between the host controller and hub. In response to the complete split transaction,
process 260 will either indicate that the transaction between the hub and the agent
has not finished (NYET) or will provide an indication (ACK, NAK, STALL) of
what transpired during the transaction between the hub and the agent.
Figures 3a & 3b illustrate state machine diagrams for a host controller and a
30 hub, respectively, performing another transfer in accordance with this invention,

specifically a split out interrupt transfer. Process 300 and process 360 shows the
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25 between the host controller and hub. In response to the complete split
transacti on, %Brocess 260 w Il either indicate that the transaction-between
the hub anWOW@8®B%ent has not fmished (NYET) or will pr8GTY800AeBndication

(ACK, NAK ~ ST@lbabsl or Whak chiBRPlidoiLich Bl PrbaRSARI ARGl neen {he

hub and the agent. Figures 3a & 3 Strate state |ne lagrans for a
host controsthléﬁplumnwthmhmatpmﬂéa&e(muj[)apéaﬂataphasg(]aAﬂmh)gr transfer in

accordance LY, i f.icall I it ou nt ery upt
transfer. P%(%glst‘n’ﬁg?e @%t?lglé'%ségmgrg et hestise %%r 51‘3“(’/@“5 ‘)‘6‘8’6&%‘3

PCr / uSCOnonihterpedut tramsfdtiismé sensitivé A5t need iétibe h‘épéﬁtediﬂﬂt i#nbtsBccels@npect i vel y.
Process %00 [ Iudes a start split transactjion, "having a token phase

(XOUT) a 5% o LoresRopseAg yhe stagyspliftransaction, preqses:360gvillpitherne host
controller k&@ﬁl{ﬁ@daﬁ(}gﬁj‘gl SHotrorady. e@@?o&i‘ﬁeh&ﬁ?&ﬁ&ﬂ&?%a{mt transfer

is time sensitive and neéd not be T epeat I'S not successful 5 on the
fast try. Iwmm%mlﬁgmwmémhenm fransaction betweercthe hyb aclagent360 wi | |

ei t her accg not Pr.oc 300 shows .t he host
response to a su%%?r%@% é{%ﬁ ga wﬁ q{ﬁa%ﬁﬁ§?lﬁ3 ?\%E’F}%'éﬂft i on

bet ween theammoagmlymmmﬁwédcmprw@mw recei ved
anlndlctl ent was no abl e to function normall (STALL),
was. not %y M}B "E{%H’?gvtst‘ﬁﬂmmfg‘ é?o%amm%w@m@ﬂyreaeﬂwbe&m or its
response ha@ﬁ%ﬁeﬁﬂm&@&h%ﬁo@wou&alaaﬂdﬁw%}&go Prodp to three

ti meouts between the host controller and hub. In response to the conplete

split transeEnlesspliyiransacionmocess 360 \@alltenbwmdqmm@hmmam transaction ..

bet ween t hg, Ao :m?ﬁs I‘OVI de an
i ndi cation #‘U@ M@Qﬁ%@%"a@&tﬁ%&#%ﬂ a anspﬁ?&dﬁéur |n$g '
transacti OMMMQSML NYET) lof ehat ttahepired duing the gu[saamﬂ&e&eé:bthbl | ustrate

state ﬁ lﬁ‘ﬁ’ for a host controller and a hub, respectivel y
per form nsfer in accordance with this invention,

SpeCIflcal ly a mumm4mﬁ@mmmﬁbp£sﬁdﬁ%n%dw ocess. 4. 60
shows the state ITB.ChI ne for a host controll'er and a hub, respectively.

Process 400ubnesRsgaeet YaP?@fg‘Fﬁrﬂm@ﬁ‘l transker inrasenrdanspwith shis inyentionoken phase
(XQUD) and spedifibally Abfut B6ikhs flustebiobest Sod %ﬂﬁﬁ’ﬁ&% 460'sRGge 100 does

not include’a corrpl ete split transaction accor to an f ment .
Process 46Gtal¢mmnetfhwhn§bcqn§05g@nd a huly mespextively. H'atcess 400:1ﬂnh1daubd| vided into

mul tipl 905§ P Pe (s)acrt?oﬁ] 'h%%& a "fcfe}cls a{sg ?Xéﬁ%ér{deaddaltanphtasheeng%er of

which is repeated. Process 400 does not include a complete split transaction

according to an embodiment. Process 460 allows the hub to agent transaction data
- to be subdivided into multiple séctions to minimize buffering required in the hub;
the host controller can send the next section of data just before the hub needs to send
25 ittothe agent. In this case each split start transaction is marked with ALL, BEGIN,
MIDDLE or END so that the hub can detect when a communication failure has
caused it to not receive a data section in the correct sequence. In response to the
start split transaction, process 460 will accumulate a data péyload having one data
section (ALL), two data sections (BEGIN, END), or three or more data sections
30 (BEGIN, MIDDLE. MIDDLE END). _
Figures 5a & 5b ﬂlustrate state machine diagrams for a host controller and a
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the host controller can send the next section of data just before the hub

needs to send 25 it to the agent. In this case each split start transaction
is marked wiwbontdo1s BEG N, M DDLE or END so that the hub BEHUSYEO¥3t when
a conmuni cat i failure hasi..caused | Q_not receij: “@“g tion in the
correct seque .r“P?F%?'g?pﬁf#g'ém'P%mﬁ%é“t“é‘%sgerrtm%%cPlF e\r{’ginsacfllh‘c?)erxll?ﬁ%rocess 460

wi |l accunul a&ﬁciﬁcﬁigt @splitin tulidconayl th@sfer cPrdedss S00sadipraess(58DIishows the  dat a
sections (BEG'N, END),

th t i 30 N,
M DDLE. . . M DDgtgte machjpe fg{%ﬁéggﬂlr%%ehq%?ﬁg&ﬁ%%‘g’-2‘?‘3??@5 ﬁé{fﬁﬁv@esdi agr ans
for a host CopghlSfon Pt havidtes WEHBOAS TR WHep A hp 15 e

respectively, per n 1 ng anot t i n’.accorda_l ce wth this
i nvention, 5 spmes by thelhbst cantebller whenrtinhephis/osomiduting transpetion atterpicess 500 and

process 560 shows the t at.e.machin 0 h . | . a hub,
respectively. QWS&% h%%ﬁ%—%?é‘f’ﬁad‘gé*‘eg‘l“fg-r ?n%sp?o?x?épﬁg%%tér&élgn, g‘i‘/‘lﬁ’hg a token
phase (XOUT), pitessiS60 swill eifiephckdowledgetnt aceept the transagtion {CKh acdeptstachont r ol | er
when timeouts occur during transaction attenpts et We?n thgg@(ﬁ)s%

control |l er anaespwtﬁﬁl?PStI%n%bWQhF& qoFnunicaipn aypseo PIhH‘h_ haks

process 560 Wﬁeﬁbgt@ﬁﬂﬂmmm,qﬁﬁger%ﬁ GYGEqRIREt olHBS: doh@OIfeR pdtiyQe ke K, accept

xact), respond to a host contro retry after _a connunication failure of
a hub hand¥halkask of spacéite Holskthe stam transhacdtion mt};/x@@,nopgﬁmcgssﬁgegl)qwsdheh@auest a

{ransacti on | RPBTEL euielseshd Do RilediadBREenI SR detRARE" o once 1o

a conpl et e splbetweb the hab andugeftOids sudressfilllyprodessed fAdvance), reeivedan t he hub and

agent was successfully processed vance), receive i ndi cation that
t he endpoi nt i ‘E?H%Fbét&ﬁmf‘ﬁ’ﬂlf‘ﬂsd’ﬁfﬁﬂ%ﬂép@n m}b')(,gT%gL—)’H@F not¥et conpl et ed
by the hub or ;aggRiedb)¥eub of S ERYET), dorlofG Fati@ebelved Fointhe hitbbdasseuse 15

it is corrupted, or the X Nor its response had sone comrunication failure
and resul t®ed ifin corpaptes, etthe XN pritsretponsechadceme corampwisatioadafiureander and hub.

| t _ . ' ' ; 5S.4.5 ' ith
i cabot hat TomibinSRT dcSinbis beto B R By ndlsP RIS Herebbddse ) 1 T
fini shed ( NYETje ctnplété $pliptransadion gprocesif avilleither(ifditate Hit'the Jramshctidnat

transpired during the.tyransacti on between t ang the,20 endpoi nt, or
send F he dat abP’é‘?Féﬁ‘a’éa‘ug Pﬂﬁ'ﬁ? ﬁ%ﬁnélé’ér?f’},\ﬁ?‘sr}{eﬂgws) P%W&]WW%?H ’d’gﬁg‘}“ﬁ‘l | er.
Figures 6a & GRAK, SYALLfbOwR BhipHBding tKH (PdhEAM6n b&ivedh O RED &fdthé 0l | er and

a hub, respectively, perform ng another transfer in accordance with this
i nventi on, 20 endpoint, or send the data received from the agent by the hub to the host controller.

Figures 6a & 6b illustrate state machine diagrams for a host controller and a
hub, respectively, performing another transfer in accordance with this invention,
specifically a split in interrupt transfer. Process 600 and process 660 shows the state
machine for a host controller and a hub, respectively. Process 600 includes a start

25 split transaction, having a token phase (XOUT). In response to the start split
transaction, process 660 will accept the transaction (accept xact). Process 600 shows
the host 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 not able to function normally (STALL), was not yet

30 completed by the hub or agent (NYET), received a NAK from the agent (NAK), -
retries token phase if data received is an agent retry of the previous transaction
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specifically a split in interrupt transfer. Process 600 and process 660
shows the state nachine for a host controller and a hub, respectively.
Process 60W0OMM8PI8des a start 25 split transaction, havi mecTasowioszs phase

(ROUT). In t nsact I on ocess 660 w |
accept theeirranggl?&l %ﬁa(gﬁg‘g aﬁiolj)eipoﬂﬁr 89 %6‘6“‘3%&%‘ ?ﬂ@“%ost response
to a conpl mdermmedinugtaMSae:ﬁmeout(Béfdd}tthGﬁcbﬂmﬂefgmsﬁmlon bet ween the hub

and agent was suc%lnssf i%‘lﬁeg essed A vance recel ved an indication
that the efUPBIHE cAmwpleta apljt tragtactioy, Progess not yet 30

conpl et ed b0 wikEindibdle Bt DReut 6&%&3& whéﬁﬁ@hﬁlﬁﬁa@co%ﬁrﬁ ﬂ{i@ %Eﬁfh@ge nt (NAK),
0 e

retries token phase if data received is an agent retry previ ous |
t ransacty opgent g tholgbiddrarraiadthetopeansacion ftthig regnest enddat a) , or the -=

X1N or 'tshiﬁﬁﬂﬁﬂ-ﬁ%uﬂrﬂﬂ% resulted inup to
three tineouts ret ﬂﬁsf con?ﬁéﬁaqsgﬁrméﬁal r%lﬁ g“c‘%‘ﬂ%‘?ﬁ Tcat | ng with the
agent. In %&Iﬁxﬂw&)@fmmtedtdmmﬂheuaﬁsmmaﬁw&mmemﬁbwme 660 wil |

i ndi cate that 0 ccurred wh the hub was communicating with the 5
agent (NYEaI%ent’SrrsePﬂg‘ ﬁﬂtﬂ%ﬁﬂe&ﬂt t&ﬁ@f ved the start transaction for this.
request and hatigines P& BFil0sed até ASEHMESEadrithPfoi B hbR Bodtralidldnkl 107 PrOVi de
an i ndi catlon (NAK, STALL) of what transpired during the transaction

bet weerl Ot hitbnisspestively, Rerforgling-another transfeq in aseordanca with thipinvemtion, control | er.
Fi gures 73sp§c1ﬁ£b11&'a'sﬂﬁttlﬁ?stoﬁhrﬁﬁcﬁ:%‘?raﬁ’&&hwo% '7@9% I;é3£ 7680 i35k gzont rol I er and

a 10 hub, "respectively, perform ng anot ﬁ%r tr an In accor&ance W th
this mverﬁﬁt@machltsqfem hwscadmupllermplalhub,lrespe@txyelyr Gmms 700&chidesa Process 700

and proce r..a host c troII r and a hub,

respectlveﬁmyﬁ’gr%gé&;m% m%g?%lgeggﬁge(gﬁg&? Iélpflesfpfm"tert% SBrSBR  having a

t oken ' phasteanga¢ibil prockss 766 syilb Aeptithe trid@actib@(docépPkadt). PréRQSWOGhAH Process

760 vmlg otﬁg t the transacilon %accept xact). Process 700 shows 15 the
p

host ré st B5SRPR3S o3 complets bl "W%Q&MWW%WRWQ&ansaot ion
bet ween ttmhmdagahtwakc&@ﬁuig&g&?eﬁfﬁh'au Y GRS 66n3eiilydy! the data has

been returned (TAadvance) or t S nore ta to return (DAadvance) or.
an error d&Aadvanep) of thereds morerdatity refure (PAadvapen)nuian wrorocrunkdi | ure bet ween

t he host C e or the agent
(N or - Eord ot ich GRS bonlbuni i Bt o5leR BIRP S BOEGMeollor 0° (e
conpl et e syl cyclic rajosdanty dmlt))drlﬂ)e, agthNﬁKa oﬁﬁ&ahl\px’oblemlvﬁdi the ﬁAﬁ hat data = .°
recei v%i f(ﬁ%hﬁ agent h fi clic red ncy check
onse to e comp ete sp transactlon &EIN% process 660 wi

indicate that data received from the agent had a bad cyclic redundancy check (NAK)

or the agent didn’t respond (NYET) or the hub had no information about this

complete-split, or send the data to the host controller either indicating all the data

has been returned (DATAO) or more data is to be returned (MDATA).

25 It is useful at this point to summarize the description of the above protocol
before describing the remaining apparatus and methods of the present invention.
The protocol described above allows a host controller to transfer data to or receive
data from an agent via a hub. The protocol allows the host controller to engage in a
first transaction (start split transacﬁon) in which a transfer request is communicated

30 tothe hub. After the host controller performs the first transactioh, it may engage in

an intermediate transaction with the same hub or another hub without waiting for the
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or the agent didn't respond (NYET) or the hub had no information about this
conplete-split, or send the data to the host controller either indicating
al | the dat yo fyamelgeen returned (DATAO) or nore data is t PEEUTWhed
(M)ATA). 25 1t is useful .at..thjis point _s%g%»fier dal & ipbs ON of
t he above pch‘PB ag%%?@?@°@e‘é%%?%é%“ﬁsg%feém eﬁ%ﬁlgppargﬁggsgrt\g&net hods
of the presemfon hé@Eént0 The intéimefineitannkticemay inoinde atransfera¢questdorthost
controller to transfer datatﬂo or ceive data from aqo%g,ent iela a hub.

[

The protocol agentoapethenagepidd ‘?;"tﬁ‘merhgj‘glaﬁhetaﬁenérfﬁéﬁ FrABgt opYELnoRet hsact i on

(start split fpansacbf edgleddi M8 trandférdR i@ ko 6:15RIE He agentothetosi cat ed 30 to
the hub. After the host conttoller perforns the first t_r%r;sactlon, It may
engage i n 5 arcobtolier perdires e complate aplit transagtion(of Recond ransactionhto gstener hub

w t hout waiting.for the -1 !555/ 3% traidfer and agent to
perfdrn the trﬁ%%f‘grdgﬁaﬁ%a??s%%&{&%gggegap ~ttjt§%gﬁ%$§nsfer of data to or
from the agergetforrditbetvwdes tetnib andtht ngens.aBy alhowing sheihost couteolter theansf er

request for the _agent, another agent on the.s ub. .as ot t, or
anot her agentcapspityd engags Wap 1“‘1’?5'88“‘%"’(’8?”{‘% '?Fg‘%ﬁé?ﬁ&&‘é‘ﬂéf‘?’nq‘?“t@gq?r ansfer of
data to or fromthecAtaats reqiist (BP%ird FafaBidny Wit thupeiptheritectivenpl ete split

transaction (‘or second transaction) to get the result (e.g., data or
handshake 18erthrdiglymt pfebusqesing aprotedebinacegrdaice witl thip Hryentian caphe f or nred
between the hub.and.the age ] _HRSde SUHidH Y elnfife thi1e
capacity to eﬁ\%}ﬂ %an}l%g%ﬁ | n%?ur?egd/‘rgitk%&%g%gg%taison, gl nst ead Jé)f eWai ting for
the hub to piesst @ntrolidreo taiafus tierhub eojperfirm(the trarisfer witherrganttieBns with the
agent, the effective 10 thrg)u_ghp_ut ~of a bus using a protocol in accordance
with this i nv’é‘%ﬂ@%“&éﬁ'ﬂ@“ Cignificantly greater than buses which involve
speed-shifting or \yhiiChe iSsHipfdtodol@efinBOthl sequehdedr iranisattibneaivolvedin t he hub to
performthe transfer with the agent before initiating anothe %ansf er.

Wi | e t he 14boscsmumieation Hata aqross abug.iedose pefexplicily despabrthie e Mol ved i n
15 communi cat]n ARk i L4119 85n Dthg SRl drirédeiveli@firanbe t he
timng for thiéa&#%%g%c |%§1§“§?&5§gr€§%rs %Pchgwi |l résulte in data being
sent to ;)r [eﬁ@hu&movﬁevenm?mgtdggnﬂfclarrfwmgﬂmi§ impmangb@mspraamfgp?alimr agent s
is inmportant because agents ica r ire a to be. 0 or

recei ved fronTeAREe %%?%Eﬁ?ﬂt%&ﬁg lvﬁﬂ)ﬁ'gnbtz‘gﬁ%séfﬁlg%??ﬁgﬁag ‘%‘s‘%@grﬁhous or
interrupt) orjsaSsiols S iatsfrufty odasyndikinkud(e.gC,llt 6l chntbslybasis. Adiditionallyal |y, 20

whi |l e the above protocol allows a host controller to perform an
i nternedi &0e while the above protocol allows a host controller to perform an intermediate

transaction (or even multiple intermediate transactions) between the start split and
the complete split transaction, the above protocol does not explicitly describe how
transfer requests are stored in the hub and how the hub and agent perform transfer
requests without requiring the host controller to wait for the transfer request to be

25 performed before engaging in an intermediate transaction. The issues not addressed
by the above description of the protocol, namely the timing of transfer requests and
the processing (i.e., buffering and performance) of transfer requests by a hub, are
addressed by the following descriptions of methods and apparatus in accordance
with the present invention. The present invention includes a method and apparatus

30 for scheduling transfers of data to and from an agent and a method and apparatus for

processing transfer requests at a hub. The method and apparatus for scheduling
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transaction (or even nultiple internedi ate transactions) between the start
split and the conplete split transaction, the above protocol does not g
explicitl ywWoe8pi8he how transfer requests are stored iri’ql‘msﬂwmand how

the hub andmageshr & s AdibeADSI il heh By dlataBPiflind RELELAG ( Ne NOST

controller to wait for the: trans request b per before
engagi ng |r4manerfqtm@grmusfatreq1testarsshmn'bedlsec€fmie |ssues not addressed by the

above descri pti t r toc name e,tlnmn rangfer requests
and the procesgpfné{"gag%n% e “rrd’f%"r%‘y‘ﬁéateti W&t@gsfg’a&f% er requests
by a hub, begins witkirsgsternd 0D perfonms Eaifigtintionfod eseits atthilied fo AE bEsfpds and

appar at in acc‘gcng_ance with the present_invention. The present invention

i ncl udes a SYRATH Joniigyratip can-acay upon fystemsipitiglzation gr haokp pewhensi data to and
from an ag?%éntﬁﬁﬂa&e@ﬂtﬁ@ﬁhsaamr {ok! STy {'{Q“r ?&hggsﬁ@%ﬂg nsfer requests

at a hub met hod and apparat us tor sc 09018
PCT/ USOQ/ 1demzads qurthetransfer type assaciated with es egenbied ah endpbinnothntdgent) t he met hod

and appar a?ﬁlﬁh&%a&?&ﬂt{fﬁgg%ﬂ% rfortrf?l_é E%%ng{e}%v est |s descri bed

second. Reterring agaln P& r ansfers of
data fi rst assbmgempemuemmemmasqwohmmdeﬁaﬁ;mlar@ﬁa!narédtpr agent S
attache 3 hb E.u tg{l stem Confrguratron can occur upon system
initi aI]i , afi§sgibed firg fslow; gn Wa&ﬁeraﬁé'rlﬂ ijagents haymgassocigtedhe bus aft er
initiali zatgyﬁrhmrﬁhewfstwﬁutdhwbﬂkmmnbr @f!ﬂfnﬂtﬁlﬁdts%&ﬁﬂg&? the transfer

type associated with an agent (or an endﬁor nt of an agent ‘and t he anount
of data invol véanmstbmtqswfgogﬁgmm MOMOMbHEQQEMSﬂmvr ng

associ at edg Role WO @M DS a terrupt, are '
handl ed is }}%%H esc engg |§£°t%m§ﬁow aﬁgﬁﬁtﬁ]@%{) aﬁg%ﬁ’éﬂr} WPShi ch agents
Eavijlng ass@e. ,aetoehk;mg.sydottr intrompt, buleohtroly., Tl&uﬂhm&ﬁmbu? Wevdebycont r ol , har e
andl e rs e cribed n oce copfiguration, eac
endpoi g 35%?%%&%?%38 E’%ﬁt‘@?ﬁ&r"%@ﬂéﬁ% erdmaryskilkiaoci at ed
maxi num damaa@audmdnmwe@medm@sfwmwmn dafd pdyload SAGEBRNOUS i n/out,

i nterrupt, bulk, control . The nmanner_in and device b%hl5 whi ch each agent

i nforms t Hareessamepntiof d mmatﬁm%%@&%}/aftmswfeﬂmld esystenki | 1. in the
art and neggy MBdﬁgg%%{drstﬂ%ﬂdm y}ﬁto or m&%&leoaﬁo’?gwe#ze is the

| ar gest anouht of ta that a tr rom an a entail .
The systerrmWMSWNmrdhyathpmmms&aygmﬂthmacmﬂaﬁstvylpe to the host
controlyher the s mreI s, th d transfer
fype t(I%bt hed%t%f' (Fmefrgclﬂgllrr&eax needn al}/ descr1 %ecﬂx %Q

host controller uses the aforementioned two pieces of information associated with
each endpoint to generate a budget list for the periodic transfers of the endpoints. In
alternate embodiment, a software driver such as the host controller driver or even a
hardware driver can generate the budget list and perform the scheduling operations

25 described below. The budget list gives the earliest time that a transfer (sending or
receiving a data packet) may occur as well as the latest time that a result associated
with the transfer may be available. The earliest time that a transfer can occur
depends on the amount of time taken up by each of the previous transfers assuming
that the previous transfers happened under the best of circumstances (defined

30 below). The latest time that a result associated with a transfer may be available

depends upon the amount of time taken up by each of the previous transfers

-17-




20 understood by those of ordinary skill in the art and need not be
deScri bed here. The host controller uses the aforenmentioned. two pieces of
i nformati on wxemosmsed with each endpoint to generate a bFEFaISOMI093S f or

th iodic t f of .tk ' : '
Sof tmar e dr v Euieos oficod B SPE BurBlbicd unfler s bElPANEnSHRAS L, O
driver can genekb®) and thetilne damired fos thearadsferurfder the torst sicduetancesg Toper at i ons

25 descri bed below., The budget |ist gives the, earligst Li ﬁhat g
transfer. (serfailige tigletita FrgR 8 tsdmﬁ%%"?c“?‘wﬁ%m? Wr@g F&eFSas t he
latest tinme thahaR iasdibfer RGRREHARA at Welhib biRrd thatiiiexo thR¥bShon\udtHeabl e.

The earliest tinme that a transfer can. occur depends on the anmount. of

time taken up hoy fisiahes the transfer reqesst thatis ehead of the Sutfersd manest thefb caampr evi ous
et o T P R gl e blMerbE Bhoofl bl T RAGSEN R RS DR - Th

|atest tine that are assocl at ed a transter e aval [ abl e
depends upon twith thematisfer afay be awrilabll érimpprtimt becaoée affer thedatest 6miedtis t r ansfers

-17 is WD 01/08018 .PCT/ USO0Q/ 10923 .assym n t previous transfers
happened undeﬁ“?*?é‘“ﬁgw %%ﬁs‘?ﬂ’r‘k‘@@ fﬁgﬁahggmtg%ﬁ‘m\ﬁ%h“ttﬂe tinme _
required for thgedd ANk Rost doiRIlef Were to reirfeGIR FRUE Bom thOBub WFski st time
that a transfer can occur is inportant because the host controller needs to

have the t 1@ndhelatestdime meaning thay theiresult isinet aalatie yes, alessrificient peoteedl t hat  as
soon as the Al . tv@:ﬁf? .equest that is ahead of the

buf fered requ%ﬁ@ﬁ@‘ﬁﬂgﬁggﬁl&l?ﬁ}sn |l églgegélge%tion to the buffered transfer
request. The | at es{Transfers happen vaderabebest efsaroamstamess whert ¢ach iransferansf er may be
avai lable is i, rtgnt because after. t latest tine it . is ubstantially
certain that t’ﬂ%’?Yeé ’P”W"I"P%Bté Payigng ?Pgl “?ffrs“{’%aemgﬁ)_éfm B‘b’ﬁ?’?smgr er to
retrieve. |f tignsh@Shappeiinder theivonebfritcmbtatices Wheédch dfisfértigvolasul t from
the hub before 10 the latest tine, neaning that the result is not

avai | abl e &t maximens datappyleadeand thareis seaximur bistsoiffingy BitswipBoctWt r i eval s
voul d be T equl Joallqing 1A duftoBinlAPOARe HACKRE inl Bftiol Setaudd mf Lighillf ABGES Vhen
each transfer 1nvorves the maxi num data payl oad and there 1s substantially
no bit stuffi ey ndrehsd-tr-zro@Rersignabing. Adverdmyg totan efmbodimeutafthences when

each transfer invol.ves .15 ioum dat a payl oad there i s maxj mim
it sttt g, TEPRIRoh p e joRsRer e te 5t He amtiel draboslosd e
present i nventhyoigoh ewnilia ah kbsdifiedd, the®estichturtdncedRR\theé WOt €1 Ur N-t 0- zero

(NRzZ) signaling. According to an enbodi nent of the,
20 circumstances have been defined in terms of bit-stuffing, it should be apparent that

in alternative embodiments the circumstances can be described in terms of other
~ things that can expand or decrease the size (or time) of transfers, or generate delays.
The generation of a budget list in accordance with the present invention will now be
described. While one way of generating a budget list is described herein, it should
25 be apparent that the spirit and scope of the present invention encompasses other
possible ways. A budget list is a list of the allowable periodic transactions that can
occur in a particular frame template. A frame is a continuously occurring period of
time defined as part of the bus specification that is sufficient to provide for one or
more transactions. In an embodiment, a 1 millisecond time period is defined for a _
30 frame. A different budget list is constructed for each frame that has a different set of
all_owable periodic transactions. A frame template is a description of a particular
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present invention, bit-stuffing may increase the size of the maxi num data
payl oad by 16% Wile in an enbodi nent, the best circunstances and the
wor st 20 oYQewMeiBances have been defined in terns of bi (PCIUSIONRD it

shoul d be . | Eﬁm' Qgiﬁm i rcunst ances can
be describ I&%&{i’l&ré@?ﬁ&g 'o.é hegtr‘it?’ H%g&t 'g? can ex%%n&\%?gir; decrease the size
(or tine) afantactionsferlstransactipe heving sontbahaxyimum ditagaglead:r Afiame of a budget
list in accordance with th resent . nventi w1l now he _described. Wiile
one. ey of CGUHEY SRS pmbel i pBrRoR of s e R BeleAe AL F BSSRou o 25 be
appar ent t hghplhtd GeseRibdsiatpoteiiflal Ya@geeditanic) Eabli Bifdei lisk RS lakdjaRRECONPASSES
other possible ways. Abudget list is a list of the allowable periodic

t ransact ¥ obsstiopsgrinformation ged an aspociptasavarstepsednformation. Tappesicase A frame is a
cont i nuous !ix)[foﬁ?a&ﬂﬁ 'a&éaﬂbéaﬁé Sfdatifn in Wnith eQa{dmg&ﬁaﬁ iR radll tetnﬁ:t 1oUS .
specification that 1s sufficient to provide for one or nor ransacti ons.
I n an enbodcenrswndertht best Likguestwnes. In aealiemati voentwoditednt, tadsfexs rather30 frane.. A

di fferent dget lj.st is constructed for each frane,that has a different
set of al Itygaﬂé ‘Bﬁ%&ﬁ%ﬁ?ﬁ?ﬂ?&i‘?ﬁ”&ﬁ&“&%@%’“f@ WEEFs a description
of a parti gGafoasationl8 WO 01/ 08018 PCT/ US00/ 10923 periodically repeating.
frame that provides for some nmaxi mum nunber of transactions, each :

transact® on havFiggreatlusreaiss shaseram for g et 53 framertorpfafe 388 it ai ns some nunber
Of 1 ransacty)Qffnod witPHE pée&wmve&%am&xls@a%grw&t& ﬁllemf&%mtaﬁaap' ate

describes a potential budgeted frame. Each budget list has an associated 5
best case iwitharfirsttendpoint athexeithe sransferdiappensvonder thedess casef Blonkt81On. The best

Frame t orprapieetbud TR e il B bl hote SRt MBRED 2T 0

enbodi ment under dhietestrcasel dhb eemairifigblotks®15-885 repnsert sinilaepésesdnt ed by the best
case information_andg worst, case.i nfgry tion. ,”110 Fi 8ure_ aillustrates a

" di agr anl¥ ortransfess far ofhgrendppings cop BYSLCM, The,Weist Rt intoration ¢ he present

i nvention. gRlcapds BRORmAGRY iR $Rtheal PankteARthSfradé RRPIA Glurs Whid e fi 1 St

endpoi nt, where the transfer happens under the best case. Block 810
r epr esent s Worst cirqumstaness. Xiguse Shil gdiagrame ferraovarsicpsesi frame where t he

transfer h : . . [ e B 15- 835 .

r epr esent %q¥§§5@@g§&£@g°@@F%ﬁ%&g?ﬂw@rﬂ' oﬁ%@rg}’gﬁgﬁ%ﬁn g%conf i gured by
t he syst emtraddfer assoriated svthahé firkendpdintpwhered éedranifesshappens snderalid on i n whi ch

- each t rf})n S ];v%;'st Icar.lse.t Hﬁ)clf( %g(;rl%pxtegeqx?sl é&an% e gs[sgcigtg&j \%Eth m:%emnd endpoint, -

where the transfer happens under-the worst case. The remaining blocks 865-885

represent similar worst case transfers for other endpoints cbnﬁgured by the system.
It should be apparent that ;the relative sizes of the blocks are only meant for purposes
.of illustration. _

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

30 The foregoing suggests that the transfer associated with the second endpoint can
begin as early as time Ta or Begin as late as time Tb. Blocks 810 and 860 represent

-19-




wor st circunstances. Figure.8b illustrates a di agram for a worst case frane
tenpl ate 850 in accordance with the present invention. Block 855 represents
t he transf%mgmsi ated with the first endpoint, where t RETUSANLP

happens under, the 20 worst.cas Qik L&A dnlipdind er
associ at ed W\ﬂ’ce °tr?§sesa\£@3vﬁ&°‘t§%8§5?s? Wh%& E&%ft??%e}eer happens under the
wor st case. THeedrRésehat the tradstieifor ﬂiﬁé'r.c&ﬂﬁendpmprmcm isdiciriThe latesbthet ¢ as e

transfers for other endpoint nfl ured st em

appar ent t hathertrpasieefog e\?é“°§a2 g’f“ré“ %élﬁs%!;{?ﬁ’%ﬁ?rnf ﬁé% ?I?l?or pur poses
of illustratigg a%%n]i&%ss%}ﬂfaf {hbﬁé&ﬁ&u&fsa&ﬁ)‘itm&@wa\faﬂmttﬁémibaieﬁorBOO and
t he worst case 'fm tenpl ate 850 will now be explained b ?éﬂ@lm ng

bl ocks 805§ &mTmaaames@s@ewmecfmsrasefsrlaﬁ@sw%las%@at? £ the best
case and worst, case r. AY oint. The
earliest tha Témg‘frg‘r dre IF%BE@%FSE}’ %%F%{hg& %Ib?isg?gﬁé}l s Ta. The

| atest t hat nuﬁamﬂi‘eeime‘:equmebmlﬁarfoan emhchfcbhmreueus tfansfesiequestsTh. 30 The

f or egoi ng sug ests transfer ass Ied th t ond endpoi nt
can begin a ‘@&H &é‘é‘?ﬂa‘g??pﬁf"%@aﬁ {ngog ﬂ1(13ehy‘?)?gl ocks 810 and
860 repr esenty,nsaliiod Will depentdrthé Qﬁgi@ﬁ)&ﬁﬂluﬁﬂéﬁﬂﬁiﬁsfeﬁ fequdsg sfiangase and
wor st case transfer tinmes, respectiyv tt the second endpoint. The
earliest ﬂhatﬁ:dﬁ@tqdmﬂ's#%#ﬂ'miﬂﬁ?ﬁéc@@cond endpoi nt can end is To. The
atest that = the g anskabil o ls nafe AhIALIRPIR frafid Ronplithsarafe Td. The

~ foregoi ng suggest or mat | or necessarg/ or the second
‘transaction eh&nﬂb’éﬁdbdihebdmemhbe tiublant) dfecagenthubi-agentiy clessic frame) esul t

duetotheflrst ransfer sub ntlaII le after
time Th. FurtHeP F"@ﬂ oee ihed’ﬁffﬁ? ﬁ‘{mﬁ a?‘eg}: g gﬁol?%%#ﬁg transfer
depends on thﬁxbtuavsaxfoﬁﬁﬂfr&ﬁdﬂiaas aﬁaéﬁﬁmmmnxérbﬁm)@fﬂmmc ansf er

requests. Additionally, it should be apparéﬁ he sch.eﬁul ing of the
- conpl et e- dp! i frame. (Mprsspecifinallyiin po erabrdiment,, exghim a‘ﬁéﬂ% present

transfer requ B 6h1chihdth %%&}ﬁﬁmﬁedtéh ihg ansact i on.
Frame tenpl atsg&%ﬁlgm rear%&tee gtit%}1 350 are Frgrre t enpl at essl gthat are

r epresent at i viiopdframes aaﬂmnd:nﬁtvmsﬁar tetpeesthefore nepching thedab starthasn %@'éfmht or
classic Irame) msadias ot & weultd a6 RO AnT3H! peorbilf ol sEibiplis tbeftiibh O

* host controll

in terms of microframes. Similarly it is useful to describe the time for performing

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

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

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

which the start split transaction for an endpoint should occur during a classic frame.
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hub have another frane that is a fraction of the size (mcrofranme) of the |
classic 15 franme. More specifically, in an enbodi nent, eight mcroftanes - if
are equi va¥eeo8a18 a single classic franme. Since the hoPCTASHWES er and
t he hub co | ' -, ' . r@gﬂ est before
reachi ng t%%}u ;t?g'?%}sﬂgéméﬂt’gsf%'{pﬁggi I't rﬂgst‘?alé%gacglngn, |tF{°s6r'3§%ful to
descri be t hempletssplivvectpe péndaing aeplachiedisative bf the imitroframe ewhiclothe i N t er ns  of

mcroframes. Simlarly it is useful. describe .the tipe,for performng 20
the conpl et®™® spﬁtt?*ém%’f?%ﬁ“ﬂ#f"é‘}%& 0c -ﬁﬂ?‘?ﬁﬁ@?‘c%‘?ﬁ regards to the
start ti meAdcording 16 hréthbodihént, the evisebsplit vedtsiaRk Valng rhikingfremnagi nent, a

start split transaction should occur one mcrofranme before the mcrofrane
in which3tfe transfer between the hub and agent can occur according to the

best case T ramme yyih b LdiIE°1 fods tabfed b5i8koohd bifog JoS BIPUBHT, P! | !

- transaction, according to an enbodi nen a conplete I't transaction
shoul d occ uransferdin giperticilacframenfior 2 partitidarrendpoarty nstcontrolidrild O exdmginest r ansf er of

t he associ d start splil. transacti. can f.i.ni cordi ng tp .t he worst
case fran&f‘eet}f&c(ﬁed‘feﬁtﬁp {I’ﬁ{"&ﬁssgﬂﬁtﬁ?’vﬁgﬁee P‘P‘Hé“—‘ﬁﬂ’é’ etF’HBIgﬁtq?%n, t he host
control | er mﬁﬁn&%&h@&ﬁcﬂﬁ&hﬂd a!]iévamdiﬂdhestuﬁfsﬁlitv@&%ﬁoﬂ@{v&nf or each
frame tenplate to create a, start-split vector and a conpl ete-split vector

for each? erafraintand faraetemplaeindicaies e mipraframe Fpphichastat it ¢ vector
contains a aldffor 94 finddl SibiffarlP REsPErASRer 110 e¥4thinks thbe start split

transaction for an endpoint should occur during a classic frame. -20 wo
01/ 08018 PEamplsEesplitas: vettor tor detamgineshemiceofisoiatwhich aspmpletesyplit t vect or has

val ues ranging from-1 t The conplete-split vector contains a val ue
i ndi cati ve%&f%@’%%cbge&eﬁg%éedi n which the conplete split transaction for an

endpoi nt shoul dFipaees indledessequenkcacfiiub-dgemt fiames (¢ ¢hssic figmés) 90 enbodi nent ,
the conplete-split vegtaor has valugs ranging froml to 5 8. Wen host
control %_r aﬂ‘ibg?sé.c‘?“é@ﬁ‘éfémﬂgmﬁ{?sg?’oc MP&%"‘%&?‘? 6%‘?"31%3'338- B rm a

transfer i m3@nialddntiel 1 WhidA® seRédufedReibthrt fthRFoFRRAIPAN s sdhedilecont rol ler
110 exam nes the best case vector that is associated wth the endpoint and

the frame teensinmicrofiame Bc by thisqHustration, gransifes 98k istandspchioneysaye. The val ue in
t he start-§g| '! : ' %?EL? ' r enpl at e i ndi cates
the mcrofr ané—&a%ﬁ\?é#@ﬁﬁ gé %@’3‘3’?‘@%%’" r a%%g%‘th%%gve%g%p%l%e per f or med. )
Simlarly, rémesentation Fodohe?50hdcudex faaine 060 which haxsupfrahes-¥)land 967se vector to
determ Eoe Wﬁle”&aﬁé e; Jofir{s?scﬁgduygytg rc;cc%r ?noﬂﬂﬁ' 136 ?n xgj)cg'ééame B and end in

microframe B (i.e., in the hub-agent time frame represented by frames 900), the

associated start-split transaction occurs in frame 961 and the associated
complete-split transaction occurs in frame 963. In the host controller-hub time
frame represented by frame 950, the associated start-split transaction occurs at time
25 951a sometime in subframe 961 and the associated complete-split transaction occurs
at time 963 sometime in subframe 963. Transfer 951 represents transfer 901 in the
host controller-hub time frame. Other transfers and transactions can also occur in
subframes 961 and 963. It should be apparent from Figure 9 that subframes 962-3

are available for other transfers and transactions with other agents.
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transaction is to be performed. Figure 9 includes a sequence of hub-agent
frames (or classic frames) 900 15 and a host controller hub frame 950.
Frames 900 wook/ushes frames 910-930. Franme 930 has a t r ansPET/USONN0933| ch i s

scheduled to star{_in mcrofrane B and.is scheduled  to end | } crof rane
B. In this i||ust?"§’c‘¥eé*fﬁa%?¥“a friprion Bas gene: %%W%%%?%%%ﬂtg?%nsfer, but
it shoul d be ;ahfae eRisadions, drientin RMSE hfled 1 Perididic Ghnsaction bat atkd ar
representati on. Frame 950.i ncludes frane 960 which has _su s 961 and

f

963. 20 Wi | ér_quuc@nssyechrmsanmwb%&etbalk@eéﬁ?n%“ﬁ%ﬁﬁ“igﬁgﬁl Ui crof rame B

and end 0 hade" ABKRdif {o'an Smboditheht Ut it el enbibflhiddef fRcde Bl £5 €Nt 0 DY
e te plit

frames 900), assocl start-s ransaction occurs in franme 961
and t he assoalmsieframe ixset side foqperibdit tramsfers t Aymchropensdrapsfess villecysdt | n t he

host. control |l er-hub ti f.rame represgnt.ed by.fra , ci ated
start split ttP%t?Pglé?’E ?‘B%&W@cﬁmﬁ?ﬁﬁéﬁg’e&oﬁg&g éﬁser?el“ﬁ%%iﬂr‘\é @ﬁb@?%&e 961 and
the associ at ggef0MRt Ritewilitctdpt b fradaaivhidafings tidrofrarié whemie h¥GBacomet i ne in
subframe 963. "Transfer 951 represents_transfer 901 in t

] h
cont rol | er - huayailabiastohpldhihe star-ppdit trapsaptionayntl it can beissyed op ?@ﬁ?‘ggﬁ“sal so occur
in subfranme lg%&&% ‘Rgﬁ"a"?f‘ s gga;xbd t’lﬂﬁ‘n BB RS Sl isfueAtR fFAdibtiiRn Jufiflpd

subfranes 96 are av ot her trapsf ers _and transactions with
ot her agenos.clasait fidfetvhed 8hasndaiérpenling pairdic tunsdctionsh Ongp thedubdetr i pti on

has generally bee resen in the cont f L1 odi . .bons, the

i nvention is aﬁge[pteﬁ %ngflﬁ.t’gﬁepléc’ﬁ‘ff rEﬁt‘trr ﬁgaté%r? sl'sggn)ggﬂga%%’sshﬁ ] nci ug'gs

asynchronous ¢ hrefi&feahéreiulss froasthe b fo that fmdactionion die dlassio bherFhedestcr i bed

above. According to an enbodi nent of the present inyeptio ni net% per cent
n

of a 5 cl assi©nipligrdryes issues apasynchioppus spIt-EATsACUOR 1,0 Bph whonever ihhas o s
transfers wljl, &g&'w’eﬁ@&ich’m&tﬁﬁ{ 10/i&8¢ dbridgEs thidfifRnieS ThE B6@erigrdvadidae f or

them on the bus between the hub and the "agent. The hub w |l accept a
transacti df durthebutaforbuakisontenttrandactions is diginctand separate fpmabe tuffesingol d ¢ he

start-split transagtion, until it. |ssued on the classic bus (i.e.,
bet ween t he HRIBY ﬁ‘ﬁbya eg'zbet?ff?rmﬁhcé%?‘?a%go%%b will issue the transaction
during a 10 cl assiZg nfethadend\dpparatus forcmuffetingdpenedicpansttmnequestsiandi c
transactions. Once the hub ha accepted a starf-spJit, th post controller
wi.ll later i sﬁfﬂﬁ‘ﬁn%g‘ﬁ‘&lléf‘?Pg%P?%w‘fl?'g‘ﬁéﬁY,ePP%Wﬂ{’?Pv%? ﬁs‘?sé‘i'}?ﬁt H.ég'ﬂréi‘hl ts from
the hub for tmmrr@r@aa%mmueﬁzéam AT, AdRbidling 1) 6n BABSdimedNkubo! | er

n

driver issues an asynchronous split transaction to the hub whenever it has
20 120 of the present invention includes a host-controller-hub (or high-speed hub)

controller 180, a hub-agent (or low-speed) hub controller 181, a memory 182, a
control unit 183, a clock 183a, a repeater 184, a routing logic 185, and ports
185-189. The controller 180 performs split transactions between hub 120 and host
controller 110. Whenever a start-split transaction is received by controller 180 from
25 the host controller 110, controller 180 records the current microframe number in
memory 182 as a timestamp for the transaction. An alternate embodiment would
record the microframe number as a timestamp in the state records to separate one
group of transactions received by the hub during one microframe from those
transactions received during another microframe. Controller 181 performs transfers
30 between the hub and one or more agents. The transfers performed by controller 181

are received during start split transactions performed between controller 180 and
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no ot her periodic transactions to issue during a mcrofrane. The buffering
provided 15 by the hub for bul k/control transactions is distinct and ‘
separ ate fwOm/e8P8 buffering provided by the hub for perRGG#S8010sacti ons.

A met hod an IeE=T4 f I L Q44 &: kI f and
'~ processing ?ﬁgm [ nﬂééggg'r%%ﬁ@g %@t%%@%ﬁ%ﬁ@gﬁ%lﬁﬁ 0{’1%% efsgescri bed.
Figure | e ahwelkasilow-gpeed tiol cabdtbHerl 18huMeindfy intludesqupipelibawithacor di ng to an

enmbodi ment, hub 2Q 120 of the present inventian.includes a

host - contr oPlP@BUtﬂ%Bmgﬁr Mﬂ‘% @Ueq%’éi}me"id%"t -?-’B?l}-"g&‘aﬁ%(ﬁ S28% JrBgent (or

| ow speed) M&ﬂﬂgﬁ ih&€orfeSgondto MiiRfofrati@ s défined @bdveO Eadhibitdge 583, a cl ock
183a, a repeater 184, a routing logic 185, and ports 185-189. The
control | & theoipgknerhas pplusality of transachon states@r ansprtion repas) 2fccariinghost

controller \/ % SR din ' | A ved by
controller %%gm#)}r{%l%g&zgg?e ho IP%EP%SOH%?%W%O?F%%?F 180 records

t he curr ent repords. dach stegesioreerecomnis representagivé 82trasfess tb bepafamed.f Ar t he
transaction. An alternate . di nent ,woul d, record, the mcroframe nunber as
L T ost anpiepammy bETHERHIRP R B A pld edBRat St STs R neact | one
recei ved byirddsfer, ndbsfeltype) Safblanias efférance. fStatas inbiestes whetir@act i ons recei ved
during another mcrofrane. Controller 181 perforps transfers 30 between the

hub and 18netrassferismet readsi(Preventtze low speaddiub cpntrollsy fipm PeforBME Mol | er 181 are-
recei ved dugd : +dend ' ol ler 180
R 1l sk oS B o Tt A A T 2 AT
coupl ed to ¢ootrhildr). ghhesiptagefetents is o peintsy toca starng adslrase inl mepory devdstaced hub

controller 181. nory. | L el ' ity of stages.
Accordi ng t‘gc‘%%ed W0 ?(rﬁé%& H?ﬁéh%g%%fo?ﬁéﬁ ané\é %"'F‘v% ﬂéeto%igngEé%% st age of

t he pi pel i ngangfet)r esponds to a mcroframe as defined. above. Each stage of 5
t he pi peline has pluraljty of trapnsactio at es r transaction

recor ds)3 Accor&i"%glzof%?‘éd?‘é?%"{? i Jangc 'El%géa(‘}f’“ﬁléfgmﬁf’mql"ﬂ’é has 19 or

fewer transagt hodrdiho%h efibodinRAO EISk 1838 EBne?ita0SmtdHaRi® iR AERioRS |
representative of transfers to be perforned. A record nmay have several

fields, sucke.akatgesrtighthfthesimesivration sfithe slassic fipmehesiclppsedf Coptrelnsfer,

transfer type,.ost - -1 adi whet her the 10
transfer i s‘pnrllt’o]ts's’rlsg‘té)gére? g&:‘gﬂﬁ’?a’ts %g&f%l\%ﬂ g’gsetgggﬁh@ﬁédoﬁ %tgg%s gﬁdf rom performng
it), pendipreveptsahd penfgrihance efetratisfeoby thelow-spedy hGthemtioBari8péfither med by the -

Low spegd hub. LSOl kel T o LA el HiG et S LRSI 12 5127110

is past the time the transfer was scheduled to be performed or to have completed
performance. Specifically; according to an embodiment, a record whose associated
time 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

25 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

30 associated timestamp indicates that it was received more than four microframes

before the current microframe indication but has not yet been performed or is
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received (i.e., in transfer) fromthe agent or data to be sent to the agent
(e.g., out transfer). 15 Hub 120 includes control unit 183 and clock 183a
coupled to @desdisunit 183. According to an enbodi nent, rOTAISe/085

generates a mcrofrapme indi.cation; i.e., that ong-eighth of the tine
duration. of duentlybsingperie y 's-léqeggglé&‘.’n mﬁﬁpsalﬂﬁe?aq%rgmpge oupled to

menmory 182 angh{giplpefife. (d16ck B32 {shisol BuplBPtothe BRAs R hudonielEr 381.he
performance of a transfer by the | owspeed hub controller 181 if the 20

time at whi cHCankellerr1§hsgquendesintasdesdypyeghaheperiodisriransactiperecerds thaedd hub

oM oot o et ARMind DBockldlly  BE EANAER cHRBISSIAHLE ] BxliiPer f or e

or to have conp “f'or man pecl according to an

enbodi nent§ ahe pending redondseecaived in the emfliest mimrofsamerpeforepravacding tolilet it was
received by controller ;180 from host controller 110, one ,m cr.oframnme
earlier, is srseoﬂisdéefl 8 AR Gt CATIEE TTo5VaF MavPRe PSP AFoditgE a0
control | er 1&mboRiniehE dontfdNer 19136cREdsit6 theQiext daflicsl rdeived hibffraie Wde®r d wWhose
associated timestanp indicates that it was received nore than three

mi croframes sepwelamitigl reseivesamicrafemsiindieasionn Whencpwriel puit 1lssceivs ayet been
performed by &ﬁ%ﬁa&%%?ﬂca%}?itcﬁ%&{rﬂé%tﬁﬁm &ﬁ&xre!:r%n&@é ‘ﬁﬁﬂen@:&eﬂtigstt O prepare it
for a subsequent corresponding “conplete-split transaction by the high

speed hub 18 onteeined aricrbféme fomawbreddyiopsndifg) and foshies twidhe trapsfetsahat atendi cat es

that it was received th four mcrofranes re the current
i er of r ane. | AAEEGERSTIOR EooEo Tp BEHPE i BEFPHemiEd Hapsrt e U0 01/ 08018
PCT/ USOON092 Zoutkrgoglo | 85/ which givepeintrolieri18l actetitoloaebthe pottsngs-1gont rol | er 181
is aborted and renpved fromthe Pi peline. Clock 183a I1s also coupled to

a

the | ow speedRWinE logi 185|97ves an pgent acoess 9 ejfherrepgatar 184 quemmteller 1814 der
through the pLWIRL FardsfeROERSES 4t 3 Ri F @'ﬁ’e{p@ﬁﬁn ndi ng.
Accor di ng topgln enbﬁo%ln{srrent, C(;nt F%%rﬂ%gggg‘;r%git&%l hr oug %gt he pendi ng
records r d8eiagent’s confignsecbdatd atgs Repéatar B4 tsrmoupled tor conpyoler d 80 andyouting he
records receiyved,l he_ne ear] iest, receiyved nicrofr and .so .
According to 13% ¢ lg%b%%??%rnﬁ“ mgeﬁJts P %Fecilgiyﬁ?rg?%re%egtqegr@ﬁgn%% lgda]trl | est
recei ved m cramidestidedvdd(or recivedfidm)wigh shBdd igefitdovpled & dfie®f pbitsame

i ndi cati on. When control unit 181 receives a mcrofranme indication it
changes the sk88t182- of the transfers in the next earliest 10 received

mcroframe from n%i[e%@&ién&iﬂg%%pﬁﬂﬂg%d&ﬁﬂ?@ce%&ixft!ﬂ@eéri?s@Sfers t hat

are stale as described above. To performa transfer contro[ er 181
t r ansf er s 28 atmicroframe, controller 181 operates in accordance with the following rules. First,

after performing a transfer between controller 181 and the agent, controller 181 will
retrieve the next transaction record and perform the next pending isochronous or
interrupt transfer. Second, if there is no pending isochronous or interrupt transfers,
controlier 181 will perform a pending bulk/control transfer. Third, if there is no

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

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

30 low-speed hub controller 181 to ready and their records are made available to the
high-speed hub controller 180. When a complete split transaction is received by the
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routing logic 185 which gives controller 181 access to one of the ports
186-189. Routing |logic 185 gives an agent access to either repeater” 184 or
control | erwo®1/08088 al | ow the transfer of data at a hi gh BEVHSEAPB3or a | ow
data rate deRRRGldddBydidfer R0AE RighSpathb it Ble M Baitngs pitepeat er 184 i's
coupled to g%ﬁt E%I I gr 1‘%‘% an ’rou’ﬁﬁltg%gp | og?C'fgS. Repeater t? 4 repeats

si gnal s r ec edcomicf theamost rweentily peiforextd trapsferovith the samre afid@ssingnidfotmstiomed to (or

received fro a, hi gh spee t coupl ed one of ports..186-189. Wile
Cequenci ng. st ikenate R hosf RaBofd 100 vRAS o ekl 37 et 50

m crof r ame, rezently'peiftbiied tRdsfap &f @t esmpletedplixaradanesh Wnbtindudend aohoaM ng rul es.
First, after performng a transfer, between controller 181 and the agent,

control | & trapsactonwith the same addressingjaformation, the highgpeed dub contsgliar 189 f or m t he

next pendi ”@"éﬁ&ﬁﬁgmﬂmbﬁ errupt transfer. Second, if there is no
pendi ng i sochronous or interrupt transfers, controller 181 will performa

pendi ng bul k/ corThus] a methodsdndrappapnths for s¢hieduling teansfers hetween phostli ng

bul k/ control_transfer Lol 2181 wai. 0 i gh- ub
controller %ﬁfromlsﬁg}l%g’{leb egll %%%nc}’lje ﬁg%héﬁ%l&h{ ?%@g%gﬂfg‘(’%ﬁa%%%ﬂs or
interrupt tbafsingand pifoemingerahsfers apeiub Hasibeen dedcribéd. eXlthoagh thens a transfer a
result is stored.in _the nenpry . 182.. The result n be either a handshake
or data Wec@e?@H‘W%WBﬁ%beenggﬁ?bedW‘Q}fﬁwWPE‘{\T&%WE‘P n perforned have
~their stat ugnehiRmeRs it bl evidsht tOdedT BB Inddy il G thé tk LRl vakidds t 0 ready and

their records are nmade available to the high-speed hub controller 180.
Wien a conpmedifications and changes may §pmade fodhese pabodimenty withowt Jepagingl / 08018
PCT/ USOO' 10 i t. . Lgh-speed hub
controller %@%&5&1&%@%&?%8% l%&#ﬁ%“#o%@@%tb ysberfor med transfer
with the sakecondiogledbe spacificdtionand dawings ar te beictgarded inspdlhstativeck t o t he host
. controll %r 1a{gﬁg]ased on.the result of the nost recently perfornmed
transferl® | ARSI PS¢ transaction is not inquiring about a 5 -
transaction with the same addressing information, the high-speed hub
controller 180 w !l respond back with a NYET. Thus, a nethod and apparatus
for scheduling transfers between a host controller and a hub has been
descri bed. Additionally, a nethod and apparatus for buffering and

perform ng transfers at a hub has been described. Al though the 10 present
invention has been described with reference to specific exenplary

X
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enbodi nents, it will be evident to one of ordinary skill in the art that
various ~nodifications and changes may be nade to these enbodi nents without
departing fWQMWEHE broader spirit and scope the inventi onPEXUMARY th jn
the claims. wWgaq dhipRkliYs: the specification and draw ngs are,to be regarded
inan illustratrve 1I5 rather than a restrictive sense. -25 P | MP WO

01/ 08018 PCT/WJSOQALDethed fopkemmusgicatingidatacbetvegen & hosk and ahagent, ¢he neethotuni cat i ng
dat a bet ween mgggih and an_.agent, the nethod conprising: performng a
first transaction petween a host controller and a hub; 5 performng a
second transact i opesferimieafiishgansadion bevaeéna hest cai@dlitidakab; Wherein the
hub perforps a single transactjon with an agent based _on the first

transaction; and BB 3 §pS0 sastipn between the host controligrpangd the ;s ngl e
transaction. | 11 vhefein thd hdt!derfokrhs agiiln%luraﬁéact(éhlwitﬁ aﬂ-aé%ﬂn%agéa o thd fifst Met hod

of claiml1l, wherein the first transaction and second transaction are

perf ormed at teangdctien; asdmmuni cati on speed or in accordance with a first

protocol. 3. The | . rej n ingle trans

perforned at a sgg%%gl c%%ﬁ#%@ﬁngg’g&%ﬂi%ﬁgﬁ@gﬁ?s&%& \I\nmm mluemuulll " IIII
protocol. 15 4. The nethod of claim1, further conprising perfdrnfngta® 5 *
third trangsaction, . while.t single transaction is being perforped. 5. The

met hod of q@l eﬁ_'m 1TWWWQPP§6%P3@°F@“§‘€%F%W§?§"°&‘ PfisQne frapsactioni on 20

bet ween the faré Sdrforthed @ adirit@Bmandichtith spbd¥iren hdcBRRAGIWIR . st R6logseN t he

single transaction and the second transaction. 6. The method of claiml,

wherein the first transaction includes, sending fromthe host controller to
the hub a firgt pagkaletodof Heilg 7 ' | f:1 cat i i nf or mat i on,
sendi ng fromthe host contro?‘k{e]r’ tot gﬁ%&}%@%ﬁ%@%@%ﬁﬁa udi ng dat a,
second communication speed or in accordance with a second protocol.
15
4, The method of claim 1, further comprising performing a third transaction

while the single transaction is being performed.

5. The method of claim 1, further comprising performing a third transaction
20 between the first transaction and the single transaction or between the single
transaction and the second transaction.

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

sending from the host controller to the hub a second packet including data

?

and

receiving at the host controller an acknowledgement from the hub.
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and receiving at the host controller an acknow edgement fromthe hub. -26
- WD 01/08018 PCTNS00110923 7. The nmethod of claim 1, wherein the first
transacti owa®®sM8es, sending fromthe host controller t8CTUSOHEN3a first
packet inclydin | hfd ‘| { f . O d receiving an
acknow edgelr?rl'ent ?iri’o;ﬁma‘%‘ﬁ’edf%ﬁﬁ%’ 1, whdthin Bk e el T L ms
8. The nethod ofsendieg fro® thaiivet ntrolldnto the buinalfitst pavketindlading agehtides, sendi ng

fromthe hosdt Qn{Srol er to the hub a third packet, receivingfromthe—hub
at the host‘&‘b‘ﬁ{cla % B1ereHoR- Mol edgenent, wherein the acknow edgenent

represents handsieediving &if RkitwledpemendRiny@d@ wiy, 5 the huqlmmmmmmmm)
during the third transaction. 9. The nethod of claim7,1i8 A nd

transact Pon includes, sending fromthe host controller to ‘thé hib & third

packet, regei Vimgiﬂgm$2%3%ﬁ%ﬁéhﬁsg&§hmw&%&ﬂ§ dat a packet, 10

wherein the data p des ormat1 on sent. € agent to the hub,
and . sendi ng f rsendingfrorh dhethostmoniraller &y the bul kit phckety acknowl edgenent .  10.

The met hod of claim.1, .wherei e . first transaction. includes, 15 sending
rom the host  odRTY ot s S at fE post oo b SR Eiar RigeRERA g mgent

i dentification ivwHepdiitie acihowtsdgerfiend siph@erdts RiidsHake frinatiéiWetsivdddyy t o the hub
a data packet. 11. The nethqd of claim1, wherein the first transaction

i ncl udes? e bulhbom dheragenhdpres e dirddmasaciet-er to the hub a first packet

i ncluding agent identification information. -27 | WO 01/08018

PCT/ USOCQO' 10923 12. The net hod of claim 10, wherein the second transaction
i ncl udes, s%®ndi richemethadiofi claive gt wheegin the(steond transa¢tiontindludes.second packet

I ncl udi ng agent sending from the host controller to the hub a third pa;cket,

receiving from the hub at the host controller a data packet,
10 wherein the data packet includes information sent by the agent to the hub,
and

sending from the host controller to the hub an acknowledgement.

'10.  The method of ¢laim 1, wherein the first transaction includes,
15 sending from the host controller to the hub a first packet including agent
identification information, and '

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

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

identification information.
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Identification information, receiving at the host controller an

acknow edgenent fromthe hub, and 5 wherein the acknow edgenent represents
handshake iwéoresatsi on recei ved by the hub fromthe agent gﬁTIF’F‘WQ”’Fge third
transaction. ,13. JIh 16184 | : d transaction

I ncl udes, seNdi nérxg%e@g%ﬁglmg%%@ﬁﬁ%@ﬁets%{gﬂigéﬂtg%ﬁt ro g’r to the hub, and
10 sendi ng a dat aemigdedm thedwost doatrdilep to the hidea seoend packdt nchiding agent | 1 ~1 | ||
" 1l ull ¢ L l} s, 14, The.nethod of claim1, wherein the first
transact i on iPefeifiatian infoBRAHORY from the host controller to the hub a first

packet i ncl udi ng 3QRmg athitkaitki donfiolldr @i adknbwledBimedPfrorhhe fub, &ite et hod of
claim 14, wherein the second transaction includes,_  sending fromthe host

control | ef to thevleedin the acknomiedgem s represents handpheke informetion Freeivedbt o t he
host control}e t- @bt al systemconprising: a host
controller; %eé%b\a}{rg%i%ril{é\%tﬁﬁpﬂé@%tgr&%tng%&t e host controller to performa
first transaction and a second transaction between the host controller and
a hub; wherejn bagsed on the first trangaction the hub perfor a single
transaction 135 mel?%»?dé’gémm 1%h%‘?eé?'%a’ﬁﬁ%°°§$&‘8‘??a°‘ﬁﬂéﬁ‘g‘é‘£%S ”351?%& based on
the singl e tgahwRfakbid Fomihshosrbsi0ilg tb ki taBsdndcont rol | eF perforns a third
transaction while the single transactjon is being perf
01/ 08018 1PCT/ USOEeadoeadata packst feom the hubriashe Boski m 16, vthI AR H“l
transacti on and second transaction are perfornmed at a f*rs¢ Qo on
speed. 18. The systemof claim 16, wherein the third transaction is
perfornmed atle STtegusind of claimid] whereio thesfpetdthnsattion ffpkydesy st em of cl ai m 16,
wherein the first tgansaction and, secon ransaction . ar erformed in
accordance with ée?tilpgfmx&tfbetolbogg(fqntroﬁer (20 Eleamf’)ﬂa ?us(f packet mauc?mg aéen?

identification information.

15
15. The method of claim 14, wherein the second transaction includes,
sending from the host controller to the hub a second packet, and
sending from the hub to the host controller a data packet.

20 16. A digital system comprising:
a host controller; '
a device driver that operates the host controller to perform a first transaction
and a second transaction between the host controller and a hub;
wherein based on the first transaction the hub performs a single transaction
25 with an agent;
wherein the second transaction is based on the single transaction; and
wherein the host controller performs a third transaction while the single
transaction is being performed.
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10 20. The system of claim 16, wherein the third transaction is perforned

in accordance with a second protocol. IITLEIILEEITLEETTLEENIIEITTIET CL™M
S 21. The WQeVeM8of claim 16, wherein the first transactBGUSHEI R es,
sending fro he l1@r ; s dcti Lnek udi ng agent
e an | ¢ a1 eSOl it 18] whétch ife sySterﬁig*'B'i{‘"gﬁr@ngd{'gﬂﬁgéﬁn the
second t r ansmepérfonmedat ladiiss Somawnigation spéadom t he host controller to the hub a
second packet. 20 23. The system of claim 16, wherein the second
transaction includes, receiving at the host controller an acknow edgenent
from t he hubis. 24 Thésystefpoftclaimtlplivhdpéin itiethird trani@ation és pepfophédsdtag: a hub
controller, 25 a host controller coupled to the hub controller; and wherein
the hub contseeandspmmunigationspeed. o performa first transaction and a second
transaction with a host; wherein the host controller is operable to perform
a third transaction wwth an agent based on the first transaction; and 30
wher ei n t he Kecodte systemsefldinl 6 whegein the fisst transaction and segond tramsaction. - 29 WO
01/ 08018 PCT/ USOQ/ T | claim?24, wherein the first
transaction %%%%e’%%ﬁé%@gﬁg%\bﬁ%%%g&gm%élﬁor med at a first communi cation
speed. 26. The device of claim24, wherein the third transaction is

perfornmed at a second I cati.,on speed. 27. The device of claim 24,
wher ei n tfe %% rs&hffﬁwgh‘lﬁtc gﬂmgn‘ﬁh%‘%g’r?&ﬁf‘fmﬁ@f‘bﬁ? reddBe ¢ o e
accordance Vyctdiddhcd With b sébd procel. 10 28. The device of claim24 wherein

the third transaction is perforned in accordance with a seﬁ"wmlm Hﬂ"pﬂ]lul
[Chlj 2112212 il 1l 12222 1F 1111 29. The device of claim 24; 0 palll.
the first trANSaqhl QehdH HilhS6Andrdin tnedG'ihsatf8l infih@4) the host to the hub

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

15 identification information.

22.  Thesystem of claim 16, wherein the second transaction includes, sending

from the host controlier to the hub a second packet.

20 23. Thesystem of claim 16, wherein the second transaction includes, receiving at

~ the host controller an acknowledgement from the hub.

24.  An input/output peripheral device comprising:
a hub controller;
25 a host controller coupled to the hub controller; and
wherein the hub controller is operable to perform a first transaction and a
second transaction with a host; .
wherein the host controller is operable to perform a third transaction with an
agent based on the first transaction; and

30 wherein the second transaction is based on the third transaction.
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15 controller, the first packet including agent identification infornation,
and the second transaction includes an acknow edgenent received by the host
control | er. wo®1/080m% devi ce of claim 24, wherein 20 the se®SAASHEPBacti on

i ncl udes a fi,kst cket s . fLpm.t he | L.er and a
second packetzs'sen?ﬁef lI'rfec‘)'ﬁ‘%etc’ glgﬁjga%lrﬂe?oﬁgg%t%rgns%%gm%gts ?&QQW%%nsecond
packet is basgchesformialana fiest eonmdnitatiomspded. host controller. 25 -30

26.  The device of claim 24, wherein the third transaction is performed at a

5 second communication speed.

27.  The device of claim 24, wherein the first transaction and second transaction

are performed in accordance with a first protocol.

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

accordance with a second protocol.

AR O,

the first transaction includes a first packet sent from the host to the hub

29.  The device of claim 24, wherein

15 controller, the first packet including agent identification information, and
the second transaction includes an acknowledgement received by the host

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

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

second packet is based on data received from the host controller.

25
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