-

WO 96/ 13771

PCT/ US9S/ 14244 -1 -

METHOD AND iébm FOR SERI ALLY | NTERFACI NG | RFEYEM4AND
ASYNCHRONOUS PERI PHERALS BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to the
field of conputer systens. More specifically, the present invention
relates to serial buses for connecting peripherals to the system
units of conputer systens, i ncl udi ng t1he associ ated control |l ers and

I nterfaces. 2. Background | nformation

nunber of interrelated considerati K to have
a single, relativel yM‘EJsH, bANPr%@FMﬂE E@ghsgﬁ%éw |mg&§h§@ost

and dynami cal |y confi giSQCHRONOUWS AND ASYNCHRAONOUS PERIPHERALS
connecting isochronous as well as asynchronous peripherals to the
systemunit” of a desktop conputer system I|sochronous peripherals are

peri pheral s that generate real tine natural data such as voice, notion
video, and the |i ke T : q derations include:

Connection of the PNOT K put er |t

I S expected that the nerging of conputing and comuni cation will be

t he basis of the fqext whmﬁduct Fvity applications on
desktop conputers. The novenent of nachine oriented ~and human
oriented data types fromone |ocation or environment to anot her

depends on ubi qui t ous The prosent invention relates tolthédisldiofitemputer systernbe

st 33%%%35?”%8“&3“?5’%%% of BYBofiye retes 1o, ?e’b#%@ﬂ%%qum v he
i nt er connect s haveoaneatiagariphearals. to the system units of computassystemsse

including the associated controliers and interfaces.
2. Background Information

A number of interrelated considerations is making it
desirable to have a single, relatively fast, bi-directional, isochronous,
low-cost, and dynamically configurable serial bus for simultaneously
connecting isochronous as well as asynchronous peripherals to the
system unit of a desktop computer system. lsochronous peripherals are
peripherals that generate real time natural data such as voice, motion
video, and the like. These interrelated considerations include:

Connection of the Telephone to the Desktop Computer
It is expected that the merging of computing and
communication will be the basis of the next generation of productivity
applications on desktop computers. The movement of machine oriented
and human oriented data types from one location or environment to
~ another depends on ubiquitous and cheap connectivity. Unfortunately,
‘the computing and communication industries have evolved
independently. As a result, a wide range of desktop computer and
telephone interconnects have to be supported.

Ease of Use
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The lack of flexibility in reconfiguring desktop conputerspcwl?sgsn?ﬁas been
acknow edged as its Achilles heel to it's further devel opnent. The

conbi nati on of user friendly graphical interfaces and the hardware

and software nechani sns associated with the new generation of system
bus architectures have nmade desktop conputers | ess confrontational

and easier to reconfigure. However, from,é_he enduser point of view, the
desktop conputers I/O interfaces such as serial/parallel ports,

keyboar d/ nouse/ j oystick interfa | ack .t he at ut es of . plug a

play or too. limting in J{'ﬁe?&c Fﬁ%g %E‘ recopfiguring J@ég Q%ﬁ?meéprﬁe | i ve
at t ached/ det adtasibeen acknowledged as its Achikes héelntanits durther development.

o b const rai SCRTEARMOtELL BRer fehchPoliEhical TnBHRYs ikt the narawifi! ' nues
directional , &8 are mechanianas gemam'vvﬁhéhememgenazatm of systemt he
proliferation tpfs %hitéb@!réé havbfiadié 'dﬁ%hfdlﬁééﬁbbf@g%%@éaﬁfréﬁ@lonal

answer i ng machi nes gnner s, pers gjtal  assistants
keyboar ds, no é%?l’: Qﬁ E@’é’f@’@ﬁn emsthe en r'ipok f‘ﬂ?woﬂ@ or
two poi nt procﬂaskmp éenmwrmm nhtarrfaceersuvh assetialpamliiebpordsied to the

ors: noeq. T Eypobidhictisefofsttntdidick” iy bk (A RO T s B 055

expected to Play oplag/limiingow tews of ﬂ'ﬂﬁjl)t%@fd@ devicescthiat cap bedive: he

rel atively | owiefed/detached0- 100 kbps interactive devices such as ‘
keyboard, nouse, stylus, gane peripherals, virtual reality

peri pheral s, and nDnitors as well -as the - .-_nDderate speed 500 - 5000
kbps i sochronous device .. PBX, POTS, and ot her audl o

dovi o5, A L P11 Y o BBfioh G Biney periondFb a5 Bedkfert BRI o, °
devi ces are picontitees t9 bk cpnstraineskby [partcanailabiliynd The lack baadm dt hs.
Further more. I BcflGA fiy-2o8t, 06! A %@eé&g?ﬂbhéﬁ%%&%s held badkthe

det ached, W|tht e sefial Inter

I<] nam C
reconfigure i tp§%| eratiamel.pesiphes *'ug'f? B@F%ﬁ’gﬁ‘ mra@a@&%t op conput er
system answering machines, scanners, personal digital assistants (PDA),

keyboards, mouses, etc. Existing interconnects are optimized for one or
two point products. As-each new function or capability is added to the
desktop computer, typically a new interface has been defined to address
this need. ' |

In other words, this desnred serial bus is expected to
prowde low cost simultaneous connectmty for the relatively low speed
10-100 kbps_mteract:ve_devlces such as keyboard, mouse, stylus, game
peripherals, virtual reality peripherais, and monitors as well as the
moderate speed 500 - 5000 kbps isochronous devices such as ISDN,
PBX, POTS, and other audio devices. A multnphcnty of both types of
devices are expected to-be connecte_d_ and active at the same time, and
yet the latter type. of devices are p'ro_vide'd with guaranteed latencies and
bandwidths. Furthermore, the devices are expected to be hot attached
and detached, with the serial interface being.able to dynamically
reconfigure itself without interrupting operation of the desktop computer
system.
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There are several technol ogies that are commnl y considered to be
serial buses for connecting peripherals to systemunits of conputer
systens. Each of these buses is designed to handle a specific range
of conmmuni cati ons between systemunits and peripherals. Particular
exanpl es of these buses incl ude: - - Appl e Deskt op Bus
(ADB): ADB is a proprietary bus of - Apgle Conputer Inc. It is a

m nimalist serial bus that provides a sinple read/ wite protocol to
up to 16 devices. Only basic functions are requi red of the
controller and .interface hardware. Thus, the i npl enent ation cost is

expected to be | ow. However ThormBatppeerattechnologiesthatraneceoromonlyip to 90
kbps, j ust enougfb&r&&malﬁé%snm Bﬁbes for conﬁééfﬁé{;EBHBH réi@?c‘f%?@teﬁ%hﬁgs

such as keyboards and nous eous

supporting the meutgpwatqn&s;cﬁashaiéhese buseg@q&@gng&ﬂ m&§§ P?%arl ier.
Access. bus (A b) gpb dmdﬁa 61 epdthunicdtiihs/sétamdnbsifstem units andustry G oup.

It is based onthelCt olo of Philip and a
software nodel ofP8Y e(rﬁ te’@tS‘P%?é’?tgﬁs%E%}”&'Bd?s al so
designed primarily for asynchronous devi ces such as keyboards and
nouses. However A.b is gene

than ADB. A.b's protocol haéaéeeléf E%E?{og;e%ﬁg eC| Onsﬁrﬁ?ﬁéﬂaﬁ%bus of
attach, arbi trat iAppledeempptardees It isehmigjmalist 5%"@!@%6@\9&‘?@ eﬁtae?f'mﬂ!%

Mbderate amunt of Bnmb' (Bfoctl %o ﬁs%uree&eﬂ&eéh@rﬂp%hgfeﬂfuﬁeue:ware
i nterface hardware.

on nal |
conpetitive for tfﬁeuureé Orféﬁe&QEEBh%’ %fbémteﬁ?% afwgiee Jggag:@g: ng |)s/
provided for up timplémestationecostti®expectetitode lowadHowvever) ABBtwpmms:abl e

the bus for Ho0. e thisis bl b 087 KRS eCRicudlitd Raftdnibaliffh, ' oo
up to 400 kbps usasypchrancusndesidppdavicesisich m&eyﬁnaxdwar@smouses lt is not
However, at 400 ‘e?%‘h%bleb‘o'? sithukén déo”ﬁélys sﬁBﬁéﬁu P?E%tb%ée@ﬂiébbﬁm of

the noderate spe ochr onous 3771
PCT/ US95/ 14244  devices discussed earlier.

Access.bus (A.b): A.b is developed by the Access.bus

Industry Group. It is based on the 12C technology of Philips Corporation
and a software model of Digital Equipment Corporation (DEC). Ab is
also designed primarily for asynchronous devices such as keyboards
and mouses. However A.b is generally considered to be more versatile
than ADB. A.b's protocol has well defined specifications for dynamic
attach, arbitration, data packets, configuration and software interface.
Moderate amount of functions are required of the controller and

. interface hardware. Thus, the implementation cost is only marginally
competitive for the desired desktop application. While addressing is
provided for up to 127 devices, the practical loading is fimited by cable
lengths and power distribution considerations. Revision 2.2 specifies
the bus for 100 kbps operation, but the technology has headroom to go
up to 400 kbps using the same separate clock and data wires.
However, at 400 kbps, A.b still falls short in meeting the requurements of
the moderate speed isochronous devices.



-4- | EEE' s P1394 Serial Bus Specification (aka
FireWrayo9613771 FireWre is a high performance serial buperrb$esiagesi gned

primarily for e hard di sk and vi deo peripherals, which may require bus ,
bandw dth in excess of 100 Mops. It's protocol supports both '

i sochronous and - asynchronous transfers over the same set of 4 signal i
W res, broken up - as differential pairs of clock and data signals. |
Thus, it is capable of si mul t aneously neeting the requirenents of :
| ow speed interactive as wel | as rbderate speed i sochronous devices.
However, elaborate . functions are required of the controller and

interface hardware, ~|EEE'§PIZbuSeltarBil %dcﬁnd&ﬁonqaﬁarmmﬁewet itive

for the desir I cati.0 eov I'rs ner ati on
of ' devi cee. bEFEUNIER IS B high PRioBRRRES SeugLbus: ddsidasionsdpamaply .
beconi ng avai hakd disknand &idety getipherals, which may require busisarfdwiggnin at i on

el agr aph Cor B8pded Sh10oMs.; Bs protocol SpBRAR TR sFRDASHLARE, TP on0e €,
is a full dupasxnchrneous\tlrans&rs over the same setat4 signal stires,beokercupf or
digitized voi g8 difigran r?a.?s 8f clock anc"@E Qb Aals! OThus/ %'18'BaphBiR 8f ot ocol

consists of a hunber o ots that can- voi ce data

and control i Sewianausly mﬁetwarhh@rﬂeqwremem% %&Wls@éﬁﬂdﬁteé'ﬁ 88 data

transfer ratewglitag Motidhdfe $pesd isbetrédus devicesbWowéevers efdbiitate W r es:
Cl ock, Framn oth, the Fram ng

and t ,he C oc kﬂm‘gﬁﬁgé\@r@%gﬂgrﬂgq@ﬁ c@@ﬁn}'% ?S}d mterfD%e(ar'ar& X switch).

Thus, it is al'enderﬂmsirevwfe ® halmpwmesqupeatwelgortm desured desidopr ement‘
of | ow speed a} relt %n IJFdé\F]SEQ ased onl sochr onous
I'r a ora unc tf

devices. Sim I ons~are required
of the cont roFIreWtema spﬁt:@caaee ararmwrjest uecqnmesanallabmn the market. 3| so
non-price conpetitive for the desi red deskt op application. '

B o e e o =S LR Eofel Abdnaht iy FuBSS Town: oruis! TYETLEOR
controller, bdedeopgddynAmericas 'Eeidphotler& JetegrapihGorporation (anK&'ﬁX fogeousl y
over comes. t heyJutbh Bt BigkI SWctéd. O 186 R tiiphe B8 &hvisRn 2 novel
PCT/ US95/ 1424multiplexed serial interface for digitized voice transfer in a

communication system. The protocol consists of a number of fixed time

slots that can carry voice data and control information. The current

specification supports data transfer rates up to 4,096 Mbps. The CHI

bus has 4 signal wires: Clock, Framing, Receive Data, and Transmit

Data. Both, the Framing and the Clock signals are generated centrally

(i.e. PBX switch). Thus, it is also capable of stmultaneously meeting the

requirements of low speed interactive as well as the moderate speed

isochronous devices. Similar to FireWire, elaborate functions are also -

required of the controller and interface hardware. As a _resUIt,_CHI is

also non-price competitive for the “_desire:d desktop application.

, As will be dlsclosed in more detail below the present
invention provudes the desired serial bus assembly, including its
associated controller, bridging connectors and interfaces, that
advantageously overcomes the !irnit_ati_ons of the prior art serial buses in
a novel manner.
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-5- SUMVARY OF THE | NVENTI ON . The present

I nvention i 9@%97 bus controller, a nunber of 1 :n '

distri but orgf\d an alanurrber of bus interfaces, hi erarchiti’lg{lﬁ?gﬁ%

I nterconnected together form:ng a serial bus assenbty: for serially
i nterfacing i sochronous and asynchronous peripherals to the system
unit of a conmputer system Together, the serial bus elenents, i.e.

bus controller etc., inplement a naster/slave nodel of flow control for
data conmunication transactions between the Bus agents, i.e. the

systemunit and functions of the peripherals. In certain enbodi nents,
the serial bus elg o . pnnecti on managenent
transactions w.t MMAE e L IBWERT BN 6 ¢ he mast er/ sl ave nodel of
flow control, inplenent a franme based polling schedule for polling the

functions of the slave peri-?ngg%ge,ﬁqﬂvé%,ﬂ&i{@éseéiﬁs rdlle? & Hutnber

enpl oy at |east two address spaces to CO e varlious transactions,
support the usageofof:ndusgignakdistibutersk and a sumbea ot busiaterfaces,

transactions, andijgfarehieall ﬁlﬁé}ddhrfe%féc?ﬁ?’éthéﬁf@nﬁ'{@acﬁﬁél_(!iussé@éé?ﬁbly for
Typically, the bus gcontroller is disposed i St em uni t

' t he ﬁ and
the bus interfacesengiy g igochy %ﬁﬂa(ﬁﬁyﬂﬁ usiperigtierajs to the
Eus inter;ace p'ersyswwnewﬁﬁasfgaptenimtm’rsysterﬁhequathahmeiberialtHsuSJatelmeritsj ice.
us interfaces, S
controller, usi n?&é‘%’?ﬁ%ﬁé&cbﬁgb@ﬁaﬁﬁléw&{%ﬁY%?’i&#%g@&gﬁ@mgr
systemunit, st ardatalcommipnicationdransactions between the bhe agents:dte. the
i oh s' A bus.i . . _ g : : _

B anal d st 11 but oSN Yrieasy hincoh s the cRiEhRiL T Boha ?‘”i’m S
bus interface(s) B8Hesa Eas@gmpagﬁq@qrtqonﬁyggpﬂ@mectmnwgge it, the

ger! al bus el emenrttansdctionsavithbacin bthdragmphoyiny ars@rtﬁbynaétein!staﬁxecmndei:bfed
evl Ces.

. The b control Ler..the bu [ .
i stributors, andiQWgopel. implementSearl paSey Baidd Seityé «EhAaling she
toget her, pref er duhgtians abtheosiave peripherals anaothei glawe seriakbus elergents,
Preferably, toget t 0, _ at
cast at | east s NEDSY %ﬁ??ﬂé‘?‘?%?%‘?@é?is????%iﬁ%‘s’ﬁgﬁ‘éﬁ the varfoBisréticadBoh3. 27
PCT/ US95/ 14244  Support the usage of communication packets to conduct the o
transactions, and/or electrically represent data and control states.

Typically, the bus controller is disposed in the system unit,
and the bus interfaces are disposed in the connecting peripherals, one
bus interface per connecting peripheral. The peripherals, through their
bus interfaces, are connected to the system unit, through the bus
controller, using one or more bus signal distributors disposed in the
system unit, stand alone bridging connectors and/or the connecting
peripherals. A bus interface is always a termination point. Only a bus
signal distributor may have one or more bus signal distributor(s) and/or
bus interface(s) connected upstream to it. Together, the system unit, the
serial bus elements, the peripherals form an hierarchy of interconnected
devices. '

The bus controller, the bus signal distributors, and the bus
interfaces are physically connected together, preferably using low cost
two signal wire cables. Preferably, together, they support a data transfer
rate of up to at least at least 5 Mbps. Furthermore, electrical signals are



- 6- preferably propagated between the various interconnected devices

over wagea3rmo signal wires in a differential manner, apgrRRbéhas Vel !
as a nunber control states are represented electrically by various
vol t age states and/or durations. A connecting
peripheral nmay be an isochronous or an asynchronous peri pheral .
Typically, the isochronous peripherals operate with data rates in the
range of 500 - 5000 kbps, whereas the asynchronous peripherals

"~ operate with data rates in the range of 1§.- 100 kbps. Furthernore, a
connecting peripheral may be a nmulti-function peripheral, i.e.
mul tiple funct ﬁgq)a I+pal C
serviced by a b%g&ﬁtﬂ% I n esg a%éétw% nt HP ‘%r&ﬁ lHtercogé[fgﬁ]gg &é‘ﬁgqﬂegyeﬂmy
support nulti pﬁ'@ t?/{q wires in ad;fferentlal manner @nd data asowell @slar, the bus

Ci fedi try and cammt & cani e e {%%?s““‘@‘é'?%‘gfcgﬂ%?fm&%ﬁ?er‘é‘*;
nodel of flow %‘%ﬂ%}% §WES$‘-§%¢?’% ly interfacing.:~ - the interconnected
peripherals to . the systemunit to facilitate data comuni cation -
transacti ons between the b rﬁé&“ per ati ng
speed. During operation, usRé}{ﬁprﬁ?gfrhg;?é)ﬁﬁtl%%cﬁ?rpgous of anpoI | s the
functions of t WW@'F%%HGBPBE"%HTW'M the Isoshgenous:peripberals

interfaces foropirate WihndEtaaatdsom thedang tdf%%)-' @@RBbQ‘%ﬁér e
pol I'i ng schedu 3 aten n w dt hs

i.ch gquarant e '
i sochr onous f: Léﬁ*chﬁ%n PREPhEH EBﬁWé% &@P rgts i the ﬁﬂgei Qfg1Q)1" t he
i sochronous f utGQ kbps. Furthieerioné,ca connectirs p@ﬁphm’aemﬁly?bé@ nﬂﬁi-ﬂ:lnlctlon g |
conmmuni cati on i an r_a pol I'ing and
as frequent asﬁé ey gf’ egnzrc‘: élgp{yh%éﬁég 885 304 809 qDEPFI ng of the
asynchronous feannectian bus servicediby asingletbus ipterfateer Sinsilarty, they systee r
bus i nt er f aceyriOmay %@Wlﬁgmbm « ansactions are schedul ed

e 1soc

around the polling Of t ronous functions of the interconnected.
peripherals for data communication transactions. Preferably, the polling
schedul e is dynani cal | y Bhiebusdantrolios thetbescsighalcdistibitorss aad 366 bus! Y

gg%s lngtg 5/ 1424 Amr%@eé%% ]equ:pped with circuitry and complementary logic that

implement the master/siave model of flow control for serially interfacing
the interconnected peripherals to the system unit to facilitate data -
communication transactions between the bus agents at their respective
operating speed. During operation, the bus controller systematically
polis the functions of the interconnected peripherals through their bus
interfaces for data communication transactions in accordance to a
polling schedule which guarantees latencies and bandwidths to the
isochronous functions of the mterconnected penpherals Polling of the
isochronous functions of the mterconnected peripherals for data
“communication transactions are prioritized over for all other. pollmg and

- as frequent as they are necessary to meet the guarant_les._ Polling of the
asynchronous functions of the interconnected peripherals through their
bus interfaces for data communication transactions are scheduled
around the polling of the isochronous functions of the interconnected
peripherals for data communication transactions. Preferably, the polling
schedule is dynamically adapted to the interconnected devices actually
present.
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I n sone enbodi nents, these circuitry and conpl enentary | ogi c of the
serial bus wesgenys further conduct-:connecti on.managenent PCT/US9S/14244

t rransacti ons anong t hensel ves enpl oyi ng al so the master/sl ave nodel

for flow control. For these enbodi nents, the bus controller, during
operation,further polls the bus signal distributors and the bus interfaces
for such transactions conducted at the serial bus elenents' respective-
operating speeds. Polling of the bus signal distributors and bus
interfaces for connection managenent transactiions are al so schedul ed
around polling of the isochronous functions of the interconnected

peri pherals for data comrunmgéh%n ésgﬁﬁgﬁtjesheﬂﬁser ircuitry and °m8|e"?e'}tﬁ§n

sone enbodi nents, these circui

serial bus el emenlogia ofthmeruawm@am@tsﬁm qwonnagtnon managementul e
for polling the fﬂﬂ&ﬁéé(ﬁib?lsoémbhg tﬁéﬁ&@m@émpﬁfﬁia@adtﬁéﬁmagié%ve model

seri al bus el enen s contral

conducts the pol I}PHJfOWnC%EQ}r IBES eMm @'l?u"!t% Wh%'ﬁ@i\egodlﬂ%rred
to as a super fraoperation) ﬂmmrrpoﬁbethe(ﬁusislbnabdiﬁﬂlﬂmnsmmbne inteHaces

LS FLTS hecessany kel ol eRR NS 'rfaasuéﬂéb'eﬁ?%%ésé%&%e“
guarantee its | ateparatingcspeeddwiRolling btk bus signal disteibutors end bus
function is poll gy dés%?%ohﬂp@(‘?‘n Hidriaddright RhndditiohRsh 158 Eenballe

conmmuni cati on transac I on ave seria

pol | ed only once &Rupdpalling of tfm,soshrqwsaumlons Shihe dfr‘tetQﬂm@@th)n

management transasdrighierals for data communication ttdhsa@fiBngmbodi nents, these
circuitry and conpl enentary | ogic of the serial bus elenents further

I mpl enent at | east two address spaces to conduct the varjous
transactions, a geographi caln soiieesmbodimentssihwse ciroditey landionmmedd!mmy

space. For these- ‘ﬁﬂ'fé d@’rtﬁ%rgesria(%}bt&s Si6eRts further |p§?%m§hfgqg§d'ﬁggsa§g§%‘

usi ng geographi ca esses

the functions of Sahedsigfarqalling the functipesi ﬁbe&ﬂaveapenma&ewtlues e
| ogi cal addr essessé?falbﬂ% elefients. For theseaélﬁ‘sbﬁaﬁnéﬂﬁcﬂ"le Bas coAttofér he

i sochronous and a nc ronous functions

onnect ed
peripherals for U@ pelipgdn aceardance 19 schedu \A&gﬁl is/aigo referred .
PCT/ US95/ 14244  to as a super frame, having a number of sub-schedules, which are also

referred to as soft frames. An isochronous function is polled as frequent
as it is necessary in one or more soft frames of the super frame to
guarantee its latency and bandwidth. However, an asynchronous
function is polled only once in one soft frame of the super frame for data
communication transaction. Similarly, a slave serial bus element is also
polled only once in one soft frame of the super frame for connection
management transaction.

In some embodiments, these circuitry and complementary
logic of the serial bus elements further implement at least two address
spaces to conduct the various transactions, a geographical address
space and a logical address space. For these embodiments, the serial
bus elements are addressed using geographica!l addresses of the
geogiaphical address space, and the functions of the connecting
peripherals are addressed using logical addresses of the logical
address space. Polling of the isochronous and asynchronous functions
of the interconnected peripherals for data communication transactions



are made using | ogical addresses, whereas polling of the serial bus

el ement sSWQ86/13%7Inect i on managenment transactions are made Upchfsesn4244
geographi cal addresses. Preferably, the identity of a bus signal
distributor and its upstreamport may be inferred fromthe bus signal

di stributor's geographi cal address. Furthernore, the connecting bus
signal distributor of a bus interface, including the connecting port, may
be inferred fromthe bus interface's geographi cal address.

I n sone - enbodi nents, these circuitry and.gonpl enentary | ogi c of the
serial bus elenents further support enploynent of communi cati on
packets to co p%s'a%*e%l di ment s,
packet ident.i ?ﬂg(rié %?gsgﬁ)‘og‘b;aégtﬁ é%’ﬁggé"’@gﬁ& he seridi ckets from
dat a packets, §9€'§eﬁ¥'@" amnagesaentstransaciionsaare made usingi dentify
the transacti geogaapm&ﬂ a&'réé@é@beefei'éﬁl Sﬂffét?d@ﬁtl @Wa'ﬁ% é? nal inferred
froma packet db%'ggtl fier,. Pr efterab l’b g z% h| ca | ogi cal
addr esses may £ ianadts 't’%sgﬁad'ﬂ grred omé%&’i'ﬁrﬁéﬂ'ﬂ%' t hat

support connedistnmwmwaphlcabaddwssor&mwmore the cobheettitig bash types

of addresses
PCT/ US95/ 142 42|gnal S0t 3f Albus interface, including the connecting por,_may

BRI EF DESCRI PPedrferredieagy tesbus interface's geographical agdrgssesent i nventi on
wi || be described by way of exenpl ary enbodi ments, but not

limtations, ill ustrateiIF acconpanyi n&MdraV\n ngs in which |ike
ref erences denote sinil ome emb@ﬁ@’ﬁﬁﬂ"tss theseyCireuIyang complementary

Fi gurle g il Itulnglcibémeaseﬂadetmd alemmmﬂum@ér supporemploymehf\gor porating th
serli a us e lﬁ‘% Fi gure
2 illustrat esegﬁlle en%%ﬁap ﬁn@%?‘pé@??%énggw \gﬂ'gous transacélgggmf ‘V tBPs% gure 1
in further dee@ibodiments, packet identifiers ame emptoy®d tol differantiate gontrst er / sl ave
model of fl owhg6KEts Hom 0 'y erially.
It er f.aci ng ﬁd s tfom data 3%'%%&?@% a‘ae"r’%?ﬁ%rafe;@?%’ ok a@@aé@ﬁ. 18 and
control l'ing t identify, the transactiop pagt Pre erably, transaction flqsy qRyebe
illustrates amierw&fﬂmm&%)amdek id@tﬁleheWé%rabth BRher geographfst or ' nvent| on
| npl ement ed by SOITS RPEAUS A e SPedfbd 18 Bckohmodate thtsalsgve ‘devi ces”
embodiments that support connection management transactions and
implement both types of addresses.



ngure 5 illustrates geographical and | ogical addressing of t he

present i nveydsgisyrip! enented by some enbodi ments for FNTOSIR)13544
serial bus elements and functions of bus agents; Figure
6 illustrates the essential elenents of communi cati on packets of the
present invention .inplenented by sone enbodi nents for conducting
transacti ons enpl oyi ng the master/sl ave nodel of flow control;
Figure 7 illustrates one enbodi nent of the cables physi cal |y
connecting. the serial bus el enments under thegpresent I nvention
Figures 8-9 illustrate one enbodi nent of the bus controller of the
pr esent invention=i - WH: e 1§-Qh..c'.v;1 skt war e;

Figures 10-11 ill® e 1 :n bus si gnal
distributor of the.present invention including its port circuitry;

Figures 12-13 illustrate onghgriadbarinventiion Wit Bedescribed %ﬁ@gf&ce of the
present invention |ncIPd|n%1|t connect or ﬁJ[CUJtry, [ 13771

PCT/ US95/ 14244  exemplary embodiments, but not limitations; illustrated in_thg.

DETAI LED D][ESCRI lF’Taé&kb_mpanying drawingsd in thcrfnii)ké wkmcéss@éiﬂmeisdbmiléor

pur poses of exp ) nunbers, materials an
configurations a?@gbﬁm?’ﬁ[ﬁﬁ W“E‘F‘her to provide a t hor ough

under st andi ng of the presenFiguredniflustrateiscanesempiarywiompuier system appar ent
to one skilled i : hE $EsEhi ' %@E iane Practiced
w t hout the specirsplbgPpggtég?#??éIS%hgltﬁﬁ mst"?;t cgf;meﬁ\gﬁ F\gﬁ\/\fnem'o,n' syst ens
are shown in diagrammtic ofiQyresR ilustiatemans embadinert ofithe serial bugy

obscure the presefdsenibI¢ififdgure 1 in further detail; Referring now to Figure
1, a block diagramillustragtin n exenpl ary conput er stem

i ncorporating the serial bu&'gt”g%?h'?'ﬁ‘\%aw a mrg)ster{%@v%&cteﬁpf ?‘ﬁ%ﬁ?'?tfﬁ‘, i s
shown. Exenpl ary eropioyedrbyihe presedt inventioadopsedakly syetfacingthe 12 havi ng
serial bus contr the: ' Al g ; '

i st i butor s 16 qerpertiedd g¥ANGEARIS the systdr (Y & cottrofing'tFaraigh
and peripherals f®W8ivi ng bus interfaces 22 of the present invention.

Peri pheral S 16 are coupl ed F@_u?é'% Ngstrate’s! £fraff Based pollingYsthedule bt the?

through 1 :n bus signal, distrihutors 18 and preferabl cahl es, 20.

Col 1ot i vei v, | budreaant veation mplarseatesty st sropkmentsor paling the
slave "devices";

Figure 5 illustrates geographical and logical-addressing of
the present invention implemented by some embodiments for
addressing serial bus elements and functions of bus agents;

Figure 6 illustrates the essential elements of
communication packets of the present invention impiemented by some
embodiments for conducting transactions employing the master/slave
model of flow control; |

Figure 7 illustrates one embodiment of the cables
physically connecting the serial bus elements under the present
invention; -

Figures 8-9 illustrate one embodiment of the bus controlier
of the presént invention including its associated software;

Figures 10-11 illustrate one embodiment of the 1:n bus
signal distributor of the present invention including its port circuitry;

Figures 12-13 illustrate one embodiment of the bus
interface of the present invention including its connector circuitry.



I nterfaces 22, and cables 20 forma serial bus assenbly 26
| nterconwmlla‘glbus agents, i.e. systemunit 12 and peri phptpiososifyzis

each ot her. Cabl es 20 are preferably | ow cost two
signal wires cables 48 and 50 (as illustrated in Fig. 7). However,
cabl e 20 are capabl e of supporting data transfer rates up to 5 Mops.
Furt hernore, when such | ow cost cables 20 are enployed, electrical
signals are preferably propagat ed over the two signal wires 48 and 50
bet ween t he i nterconnected devices104, 18 and 22 in a differenti al
manner . For exanpl es, a negative voltage differential represents a
1-bit and a I¥Eﬁﬁﬂﬁﬂijﬂgggﬂfiﬂ%§§ differential represents a O-bit. For
sonme enbodi nent’s,; a and control states are further inferred from
the electrical signals’ vol tage states and/or durations. A particular

i npl enentation of {n the fotloWing u@@bhmndremrq&ﬁpbsdgm exprarefioh! epeéifist es with
\IgélT; ‘G%S 5/St12t22§u%'5%/r§) matenalél\gng c{on%gu}atlons are set forth in order to grpvide a
si gnal dur at i thesough uederStaedmgroftthe preseshinveationuHoweévereit willbendi ng

[ [ | |
For Seri o | b 2PRaen B'BRE/sKEdTtng iy it ihe ghes ot iRGEISIENRRRBE 015
Represent Dat B"ﬂ&l"lﬁewt"}%ﬂ the spesificdetails: 0 eiher ingtanees.swelbkaewns u| I y

i ncor por at ed @Stéﬁ!fseér%%wn in. dlagrammatlc or block dR¥GHaR fdeH iPorderqivtr ol | er
14, system un 12 is bnten represent a broad category of

systemunits Wf %Wﬁtt \d Dg?%?'gde"%‘b% constitutions and functions '

are well known, and will not be otherw.se further described. {j
de

LY S L IO e By
keyboar ds, mORKRIBP lamy gomputer SWQRE“‘GOFMFGHO@Hibﬁseﬂabbugmmngs of “whose

const i t ution I be
Tt e PSR ot bt Sl gl et

di st ri but or s GMBHSES F¥stem HP'I‘&’&’e@a‘QQg\ﬁﬁf'P Bus GQEE‘N Sfelit o th, PEESAN 4 |
bel ow Wi t h addvéntiorsl 1:ndfuy signakbdistributers’ t8ef theprdsemt limntion, each

Fioure 1 1n TR IR 24 Eh T HReRerR e AN R Ll 'merﬁfssaﬁs*’ma%seml y
26' i ncl udes preseat investiconResipherals6 srexoaupleddo busconteller 14 of
system unit 12 through 1:n bus signal distributors 18 and preferably
cables 20. Collectively, bus controller. 14, bus signal distributors 18, bus
intertaces 22, and cables 20 form a serial bus assembly 26
interconnecting bus agents, i.e. system unit 12 and penpherals 16 to

each other.

Cables 20 are preferably low cost two signal wires cables
48 and 50 (as illustrated in Fig. 7). However, cable 20 are capable of
supporting data transfer rates up to 5 Mbps. Furthermore, when such
low cost cables 20 are employed, electrical signals are preferably
propagated over the two signal wires 48 and 50 between the
interconnected devices 14, 18 and 22 in a differential manner. For
examples, a négative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit. For some embodiments,
data and control states are further inferred from the electrical signals’
voltage states and/or durations. A particular impleme_ntati'on of
electrically represent data and control states with voltage states and/or



y _ .
signal distributor 18a, integrated 1 :n bus signal distributor 1 8b, and

bus | Woggiaems 22a - 22f. The serial bus assenbly 26 imt.jggﬁ,q S
bus agents tel ephone 16a, conpound keyboard 16b i ncl udi ng key o%,

pen and nouse functions, nonitor circuitry 1 6c of nonitor 28, speakers
16d- 16e and m cr ophone 16f to systemunit 12. Together, the system

unit 12, the serial bus elenents 14, 18a-18b and 22a-22f, and the

i nt er connect ed peri pherals 16a-16f form an hierarchy of i nt er connect ed
devi ces. Under the pregqot invention, a bus interface
22a - 22f is al ways a termination point. Only a bus S|gnal

di stri butor, have one..or re bus _si stributors,
e o, 18b. “ands or A siFRipns is deSEHfad it cdReboulapBbIRR e Supeating
upstreamto it. mEpplicatiomuserial aumberh?8/332,337, dintitled Methodupsd rkpparahmﬂs

ngﬁrsgg / tlzg 42“5 FoS&I'Bils Elehhérts GiARMierarchicdPsefal B4 o Eegtrically

for the degener atfteRrgsentiRatacAnd Control StatassTo GashPiherswhigh ishereby dully

connecting peri plgéctpoidtedibiPteiatdntel t 1s a bus signal distributor, such as
1 8a, that is connected upstreamto the bus controller 14.

Furt hernore, under the present invention, a connecting peri pheral may
be an isochronous peri phereExcemttdarblssI:mhteqﬂlwmel Bystem unit 13 isdatendedito6d- 1

compound keyboar feRESSnna Hrpd EAReHR) B SyBtem BRAS B Someuter siiiEhsiinoss
may operate wit hcangtituions anck tunctians ase wellginawn,;andhpall not be otlmwnset he

asynchronous per t
hi gh as 100 kbps"‘m@ﬁéf ésmd‘)p%?tgmwe&eea R bRs!ihARHcRS 22, periphBtflsa®

ectin
e Tn oo i1 o P s IRSANdRA 19 tapisent adbrord balegary | askiam peripherals Siich 1 o
a single bus conasdicyboapds, hogses,i menitdre, epbalsersnhﬂcrfomone telephenas, 22b.

mul 1 pl e 1 ent s WHoseCorsHililns' AR5 8 WA ) 2t 9 oy
~model “of flow contheswise furtharrgeseyibedigithene Buseeantrolienvidntbiusrsignal seri al |y
i nterfacing the dlstrnbut'o'Pé %Cé}{q‘ﬁﬁé?rﬂi@ﬁ&{efﬁérﬁﬂllsoé Geéﬁ%ﬁrﬂ ﬁi@r F jpnd

control ling transactrion ustrated S con ro er 14,
the signal bus dpg[qu mvba@dnggnal references to the remaining figures.

Figure 2 illustrates one embodiment of the serial bus
assembly of Figure 1 in further detail. For this embodiment, serial bus
assembly 26' includes serial bus controller 14, standalone 1:n bus
signal distributor 18a, integrated 1:n bus signal distributor 18b, and bus
interfaces 22a - 22f. The serial bus assembly 26 interconnects bus
agents telephone 16a, compound keyboard 16b including k'eyboard,
pen and mouse functions, monitor circuitry 16¢ of monitor 28, speakers
16d-16e and microphone 16f to system unit 12. Together, the system
unit 12, the serial bus elements 14, 18a-18b and 22a-22f, and the
interconnected penpherals 16a-16f form an hierarchy of interconnected
devices. '

Under the present invention, a bus interface 22a - 22f is
always a termination point. Only a bus signal distributor, e.g. 18a, may
have one or more bus signal distributors, e.g. 18b, and/or one or more
bus interfaces, e.g. 16a, coupled upstream to it. For the purpose of this
disclosure, upstream means "towards the bus controller". Thus, except



and the bus interfaces 22 cooperate to inplenent the nmaster/sl ave
nodel of WOR#IdBMtrol . The bus controller 14 serves as the g&;@ggyw
the signal bus distributors 18 as well as the bus interfaces ehave as

sl ave devices to the bus controller 14. Under the
mast er/ sl ave nodel, the bus controller 14 provides flow control for"
al |l data communi cation transactions between the bus agents at their
respective operating speeds. The bus interfaces 22 engage in data
comuni cation transacti ons on behal f of t-he- functions of the

peri pherals 16. However, the bus interfaces 22 accept or transmt data

only if they heah q#éj | ' Py l ed") to do
so by the bus cont ?Wﬁ%@' e B’ﬁsbrés:ﬂ;én%?ﬁ%@é Iﬁ%%%ngplg %%RQE o%q%bpge
strictly as si §RBRecing perphierak 16 iypicallydt ifa bup sigaaluistribntor, such@sndui t s
when dat a comriiBactiat isiconmected ipsheant fo THBUS E8HtrEYer e WO 96/ 13771
PCT/ US95/ 14244 ' ' - -13-

bus controller 14 and the bus interfaces 22 on behal f. of the bus agents.

Thus, the bus signal di sFumhermose,nmamee presenteinyepiion,i £ coahecting dat a
conmuni cati on m' Of i k.t . :

The bus cont roli[)léer 14ﬁ S tgﬁaﬁggkpﬁ%sl éeéwgg%&%o%s@é&one 16at he

i nt er connect edSRRAKYRJ 16a.cand mjgemphons 16%0s asynehionous mtigharals,
data commni caguctas icongRiliicPReyidRracrEy 8ad Hodifora 0! The Seosvls

whi ch t . ' d i dths to the isochronous:

functi one. of . (RERTBRCARR SHETA)MN o RR tangier rasp as jab as, 5 Mbps,

i sochronous f uwbile ﬂllasasynmhren'ous@emiphamiswa_pgpbm*te;rmma]d‘atQQfanyéi,a L
communi cati on ' ' i e bt ver _foip .all other ing an
as f rel:fue-nlt asﬁagﬂggqgégggzc@sgba@éyl ?thééﬁgﬁgea éﬁé&éﬂ?‘? P%‘?rﬁﬁ'ﬁg? t %e
asynchr onous flﬁf(ﬂ"gﬁrﬁ’@ 3 Mmyltiple; funetion pesphetal pie.i multipie furitionsr ough

their bus intang 18%a higlelalia commeenibs Poi , HrC
schedul ed ar ozgmgpgg@ R0l r]gg ol .sﬁ‘éﬁ?‘%’8&5’?‘%&@%%2“%#3{9‘@%‘“ .

i nt er connect ed Pe %‘n Tylarly.calthquahn ot ShawRthe fystam unint mayosupport
Preferably, taultiple clieptschedul e i s dynamically adapted to the

i nt erconnected peripherals 16 actually present. ' ' . In
sonme enbodi ments, the bus controller 14, the bus signat - .- distributors
18 and the bus i nterf acdeigare Billusteates agmgeter/siavenmedel ofhflow control.

employed by the. present invention for serially interfacing the
~ interconnected peripherals to the system unit and controlling transaction
flow. As illustrated, the bus controller 14, the signal bus di_s‘tributors 18,
- and the bus interfaces 22 cooper_at,é_to implement the k_na_ster/slave
- model of flow control. The bus controlier 14's_e'rvés.as_.the master, and
the signal bus distributors 18 as well as the bus in_t_érfac’es 22 behave as
slave devices to the bus controlier 14. | |

_ Under the master/slave modejl, .th_e bus controlier 14
| provides flow control for all data communication transac.tions between
the bus agents at their respective operating'speeds. The b,u"s_,interfaces
22 engage in data communication transactions on.behalf of the-
functions of the peripherals 16. However, the bus interfaces 22 accept’
or transmit data only if they have been authorized or instructed (aka
"polled") to do so by the bus controller 14. The bus signal distributors 18
serve strictly as signal distributors. They are merely transpal_fent
conduits when data communication transactions are conducte_d by the



~

¥
managenment transactions enploying the sane naster/sl ave nodel for

flow controwodssrtiarly, the bus controller 14 .provides flow geqffsekindaqs
cenducting the connecti on managenent transactions at the serial bus

el enents' respective operating speeds. The bus signal distributors 18

and the bus interfaces 22 respond to the connecti on nmanagenent
transactions, replying with control/status information as appropri ate.

The bus controller 14, during. operation, polls the bus signal distributors
18 and the bus interfaces 22°for such transag-i ons. Polling of the bus
signal distributors 18 and the bus interfaces 22 for connection

mnagenent transagid éﬁ}ﬁ%'cﬂfeﬁ 13 &% #1808 'lrﬂ@gﬁééé' g &Pb%h&ff 8?¥hé Bgs agents.
i sochronous funct].ons e.i nterconnected perip

conmmuni cation tr éh'ﬁ-h%ttl he Bys %’@'é’%ﬁﬂwtorﬁﬂé &Wrﬁf'é’&ebfommﬁ{?%@ e gata
{/\f) glts/sisc?i%am Ca'dmmdalﬁaﬁdnttﬁaﬁé&tléﬁél atcdpt Yath OFPEéSorRF Withl datapr esent .

PCT/ US95/ 14244 - 14-
Figure 4 illustrate a fr ameT e bas qootfollem4c§ysthNatl@ll9fpdllbahe functigneesknt

i nvention i npl emgRL Gtk Po%’ ont msfg@ﬂgrgﬂ?é%(}ﬂ o@ﬂﬁé‘?ﬁbﬁ'@mteﬁass# 59 flﬂ?” ous

transacti ons errpl oyl ng ave no
illustrated, thedg@ |cpnynget|¢eagn dragisactipns in aceprdaacedon pajliag schedule rane,

conpri ses of a NYHER gRiarantees JaRMSand ba%b&ﬁdth@ftefthédsé&u%ﬁous soft
franmes. An |sochronous f

ti.0 te nne
peripheral 16 is Yegtons ‘gfrs}%far'@ r@%"%@egtpqng ﬁéﬁr]ﬁég éoﬁ éhﬁr ‘nore soft
frames 32 of theisoghronbus fenclionsofgherinteresnrndcted peeiphgraisd eoiondatalt h.

However, - an asyn r L

one soft fr'arreyS%QwﬁﬁZ:aJﬁﬁg{Ar%%gﬁgR%%r? %?'%Hﬁ?%é)g)&ﬁﬁfﬁ{ @L{é}r@ﬁ%omr{b and
transaction. Si masdregueniasithey ate mecessarydovneet th@guaradssn !Pelluagsmhe

pol I ed only Oncedﬁgneﬁ'r%nﬁ%tfuﬁéﬁéﬁ‘s 8F 1t inté¥eohHBEled' péhetdls through
connecti on manage transa er abl | .
i sochr onous funcﬂlQiﬁ?USAréf‘e agas 2&@'}5’@@Gﬂmmun'cﬁl"ﬂ’h?rﬁ"ﬁﬁ“?@t aiﬁarcent age
portion (P1) of %cﬁ@ﬁ@leﬁramana&hé@oﬂﬂ@bﬁtﬁé‘l@ochronoh@tfan@u'owdfhiwdw dth

guaranties are 0oC cannot . be acconmmodat ed
O bt ar e or iterda et Befahe it 18r WARH commuRRRGH nBBSASESRT o ar oo
delimter (M) ofreferablyatrsopollihgrsohedute is dynamsicalle adaptdd tothes wat er mar k.

Simlarly, all %tb%@n@%ﬁe&b@ﬁﬁf\é@é’m %ﬁugg B%ggﬂg within a second

percentage portion (

In some embodiments, the bus controller 14, the bus signal
distributors 18 and the bus interfaces 22 further engage in connection
management transactions employing the same master/siave model for
flow control. Similarly, the bus controlier 14 provides flow control for
conducting the connection management transactions at the serial bus
elements’ respective operating speeds. The bus signal distributors 18
and the bus interfaces 22 respond to the connection management
transactions, replying with control/status information as appropriate.

The bus controller 14, during operation, polls the bus signal distributors
18 and the bus interfaces 22 for such transactions. Polling of the bus
signal distributors 18 and the bus interfaces 22 for connection
management transactions are also scheduled around polling of the
isochronous functions of the interconnected peripherals 16 for data

- communication transactions. Preferably, the expanded polling schedule
is also dynamically adapted to the serial bus elements actually present.



ensure reliability of operation. Miltiple soft frames 32 are enployed if
necessar yWo@éadTnmodat e al | asynchronous function and seri b, Rﬁé 14244

el enent polling. The upper delimter (M) of P2 is also referr ¥0'as

t he frame water mark. Vari ous manners in which such a
frame based polling schedul e may be dynamically generated and updated,
are described in ~the contenporaneously filed copending application,
serial nunber 08/331, 727, entitled Method And Apparatus For
Dynami cal | y Generating And Mai nt ai ni.ng. Frane Based Pol | ing Schedul es
That CGuaranty Lat enci es And Bandw dths To | sochronous Functions, which
I s hereby fully incorporated by reference MD 96/ 13771

PCT/ US95/ 14244 ' - -15-
Figure 5 illustrates geogi%ﬁl‘l:!ilusﬁ'ﬁtﬁ adtﬁmﬁlbmdrmjknglgcbedulmg of thehe

present b' nveptpmenm?a?ﬁ?gmz?%gmbgmms ér‘amsolguﬁ.@ms for corﬁﬂﬁ!ﬁlﬁ§5' ng the
serial bus e

expl anati on, ?ﬁ?@% IS ransaction s’ﬂpp!ﬂy'%@%@?@mfﬁam madgiof flow 2 is
used. However ,canteolbiAs dlustratﬂd ¢he polling schiseluie30saldoviefernéd o a suI eé' as

f dt O el e
Hubl | and Hﬁbgsf é?“g compfisBs e fifiber bF slbiachBhfies 2, Hido FfBrredts as
cor r espondi ng rameér f AR dspchranous finclios 34s or 84b Iofiianl iatbrasnnecte®
Lhr ough Node®. pefipneries ipeiied aBdrechiens skt é@?ece&éﬁfy 7 Gne BP TG St

eri al ement s
EnG funet i ons TEAMeR 32 of the supar frama 3D to,quakaBien e ajooa 2pe beacvadihnel | | aq

| ogi ca: aggr eddewever, an asyRtBrénils. &iichion/ S8R br eé?ﬁs o gﬂ%{fy 6?ggfiﬁ'dlgb o
I e Hubs -

t(r)\gl (Iilgdeg de%e soft frarr%? 59"‘%“@5@%@%’*&@1&@@9 CampIuBicatione f uncti ons
of the Nodes fw@psaction. Similgrlyags lammtmmm oPeebeszdleo/ the Hub
i dentity as dlleafonly once if *Eb‘ﬁe”sgﬂf ﬁﬁﬁl@ ??Etﬁg sq@lﬁ' fGJ?e i nferred

fromthe GEO connecting Hub
as wel | as th§°""e°t'°"mmﬁgt Bansaetion.-he connect i ng Hub may be inferred
fromthe GEO ADDR of a Node 22a - 22f. In one enbodl ment, the LOG

ADDRes are . assi 0Nl @phNG )l i40G A0S ant:tpoens 3%% are pol‘

chr onol ogi cal
wuthm a first percentage portion (P1) of a soft frame 32 to ensure the

latency and bandwidth guaranties are met. Isochronous functions that
cannot be accommodated within P1 are preferably rejected for
insufficient capacity. The upper delimiter (M1) of P1 is also referred to
as the isochronous: watermark. Similarly, all polling are preferably
performed within a second percentage portion (P2) of a soft frame 32 to
ensure reliability of operation. Multiple soft frames 32 are employed if
necessary to accommodate all asynchronous function and serial bus
element polling. The upper delimiter (M2) of P2 is also referred to as -
the frame watermark.

Various manners.in which such a frame based polling
schedule may be dynamically generated and updated, are described in
the contemporaneously filed copending application, serial number
08/331,727, entitled Method And Apparatus For Dynamically Generating
And Maintaining Frame Based Polling Schedules That Guaranty
Latencies And Bandwidths To Isochronous Functions, whlch is hereby
fully incorporated by reference.



manner . For exanples, in the illustrated exenpl a'ry
appl i cati onrwo96/13771 Hubl and Hub2 18a and 18b are assi gned thecridsesiddpes

of "Hubl : Port C_J' and " Hub2: Port O' respectively, identifying the Hubs
18a and 18b as "Hubl and "Hub2" respectively, and in each case,
t he upstream port be| ng "PortO'. Nodel and Node4 22b and 22e are

assi gned the GEO ADDRes of "Hubl :Port2" and "Hub2: Port 3"
respectively, identifying the connect i ng Hubs 18a and 18b as "Hubl"
and "Hub2" respectively, and the connectingqgarts of connecting Hubs

18a and 18b as "Port2" and "Port3" respectivel y The functions of WO
96113771 PCT/ US95/ 14244
-16- Nodel 1 6b are assigned the LOG ADDRes of "LAl1 ", "LA2" and
"LA3", wher eas the fUfiguref ilastraiesoersrrapbicakanglegicahaddressinorpt of
"LAG". the present mPéﬁtfuﬁ'i ﬁﬁbhémér’ﬂ@d ﬁ@@@ﬁbé&ﬂwémg 160G ADDRes

- d t dat e
Fesponse to T addréestad it saua| bls Slamen ?ﬁﬂéﬁfricaoa%?” 58 &g Refment
?L eaggls t IS iogﬁgl easewhexpianation, tthe sanwe enempddryeserihﬂbuacas;cepMpbf Figuret h
particul ar inpl er?e'ﬁtl‘ﬁgl Oni:‘hwékl8F ﬁhégﬁ‘%h&# Ebjlr??q% 'g%gélﬁa fﬁ% S
descri bed in thereferred teoas &tups: aﬁbews;sngnaledistr@wsu‘rﬂy afblare eiad as
serial number  Hyp PERGIRIEESTre idridrfaeldiod 180th ﬁgi‘faéﬁ For

Dynam cal |l y Determ nin agin nnect| on O An

Hi er ar chi cal Co"Séppaﬂ"EBUM@ﬁﬁ'ng 2@ﬁ| -02¢efi arerjpindlyJabaled\as NogeBor at ed
by reference. through Node6. The fuﬁ@foﬁ@@ﬁPeﬁﬁh@ﬁalémahS ,16fle Gab2I80REs are

used to @&mfé;ectlon managenent transactions anong the seri al
bus el emen & the LOG ADDRes are used to conduct data
communi cation transactions anong the functions of the bus agents The

separation of the tuo ypesyoiiShafiedhi aaial RO elefiot e Rfichbfs e

spaces facilitate dynamc connec{ ron’man
el enent s, wthoubumagemsmeuawmeﬂoge@@rmhm asoveh astlogical sddrasseshe bus

agents. (GEO ADDR &L0G ADDR) b¥aldetighaphibsl £56 anbgirhl s4graRet s of
space. More specifically, the Hubs 14, 18a - 18b and the Nodes 22a -
22f are assigned GEO ADDRes, whereas the functions of the Nodes 16a
- 16f are assigned LOG ADDRes. Preferably, the Hub identity as well as
the upstream port of the Hub may be inferred from the GEO ADDR of a
Hub 14, and 18a - 18b, and the connecting Hub as well as the
connecting port of the connecting Hub may be inferred from the GEO
ADDR of a Node 22a - 22f. In one embodiment, the LOG ADDRes are
assigned to the functions of the Nodes 16a - 16f in a chronological
manner. '

For examples, in the illustrated exemplary application,
Hub1 and Hub2 18a and 18b are assigned the GEO ADDRes of
"Hub1:Port0" and "Hub2:Port0" respectively, identifying the Hubs 18a
and 18b as "Hub1" and "Hub2" respectively, and in each case, the
upstream port being "Port0". Node1 and Node4 22b and 22e are
assigned the GEO ADDRes of "Hub1:Port2" and "Hub2:Pont3"
respectively, identifying the connecting Hubs 18a and 18b as "Hub1"
and "Hub?2" respectively, and the connecting ports of connecting Hubs
18a and 18b as "Port2" and "Port3" respectively. The functions of



comuni cati on packets of the present invention inplenented by sone
enbodi nenW® %dB7Monduct i ng the various transacti ons enpl oyi peT/URSS/14244
mast er/ sl ave nodel of flow control. For these enbodi nents, packet
identifiers 44 are enployed to differentiate control packets from data
packets. Control packets are packets enployed by the bus controller 14
to authorize or instruct the bus signal distributors 18 and the bus
interfaces 22 to engage in transactions. Control packets may al so

i ncl ude packets enpl oyed by the bus signalédistributors 18 and the bus

. interfaces 22 to acknow edge authorizations or instructions fromthe bus

cont Ef"l 13 3;114 Nbdel B BfetasigitiE BRCEOE ADRES BT AWAT, 2EAPBHAPL Ak €
\é\lc::)T/ US95/ 1424 4Whereas the function of Node4 16e is assigned the LOG ADDRof "LA6".

to identify the transactlon parties. As will be. appreciated that undertthe
mast er/ sl ave nodel of fI transaction -
parti ci pant maé/ of ten be er rg(c]}lhe (ﬁgé B?pﬁ%é%ﬁﬁ?hég&ﬁ@ﬁﬁ

om tted. ynamically assugned FrRAWer0N Pr reselp andtupdatéed mesmm tos from
bus control | erjjve detachi‘rféntt‘bf?ntb%lﬁdé?:‘fb%ﬁéw@eéeﬂtr' ét?ecrl;lt tdf%ﬁoﬁals econd

function, my Inrerre rom-t ers

Prefer ably, ei ﬁ%ﬂ?eﬁ&yg%‘h%ﬁpntm"ef 14 iy C?Wr@ﬂpnd’ﬂm ﬂlﬁsb@s signal . e
"HubX: Port Y" adistriblitérs 18sndehe peeiihiePfhces 22. A parﬁé@lammﬁiéh?eﬁtﬁﬁéﬁ of

el ement - bot ey daRle GHEERBN Management ™ 8858 BEG In fiena oneand.

i mpl ement at i orCQﬂtemml’@lexdl&d copendingcapplication| senalamkmbert 0 ColndU]E:t &
.the various tr raneously fi
copendi ng appl(‘5807?&9?{:?g,gn?(‘e':;z%l/lﬁ n‘BBeAjnd Appar%@%fﬁ%ﬂ%ﬂ?t | ed Met hod And
Appar at us For "Jﬁt@ﬁ%\’ g "ag'"g Congestion Tapelamn @ rin Hiwrarchigal

Hi er ar chi cal %ﬁalBl&lAséémbl;blwmch is heré!ﬁl filly GREGTpOrA8H Y rdfarertleS: Whi ch
is hereby fully incorporated by reference.

Figures 8-9 illustrate one enbodi nent of the bus controller of the
present invention. |n tHrer thesedmixodiments; the GEOMDDRew arkdused to

5a. dat a SJ??’P“@E&% Rt inaReB8theih eshbond a1 gl "0 >t o>
control / st at u® Q'Bgf‘gﬁ évrsersas ﬁ?%LQ@&QQRQS@f% used to Londuct data r ol  and |
communication transactions among the functions of the bus agents The
- separation of the two types of transactions into th_é--two. separate address
spaces facilitate' dynamic connection management of the serial bus
elements, without having to interrupt services to the functions of the bus
agents.

Figure 6 illustrates the essential elements of - |
communication packets of the present invention implemented by some
embodiments for conducting the various transactions employing the
master/slave model of flow control. For these embodiments, packet
identifiers- 44 are employed to differentiate control packets from data
packets. Control packets are packets employed by the bus controller 14
to authorize or instruct the bus sngnal distributors 18 and the bus
interfaces 22 to engage in transactions. Control packets may also
include packets employed by the bus signal distributors 18 and the bus
interfaces 22 to acknowledge authorizations or instructions from the bus
controller 14. Furthermore, addresses 46 are employed as appropriate



status data. For exanples, the serial bus elenents present, their

I nt er connecwios/israol ogy, the functions of the various intercepatAkpeides
peri pheral s, the geographi cal addresses assigned to the serial bus

el enents, the |ogical addresses assigned to the functions of the

I nt erconnected peripherals. The data buffers 56 are used to buffer the
data of the data communication transacti ons between the bus agents.

The control state machine and circuitry 52 operates.the hardware,

control l'ing data communi cati ofi-'t ransacti ons-gnd enpl oyi ng t he above
descri bed master/slave nodel of flow control, under the progranm ng of
WO 96/ 13771 : ; ; : ; :

PCT/ US95/ 14244 to identify the transaction parties. As will be appreciated th_té.gnder th.e
the bus control | ghagigrisiauecmegiel ptlewzwntiohrthedius eonttrliendr as aitransaction
control state magidriipaRtintdy 6iten b iRfbridd, MY theRSIbRS RS addfedRidyHeE
control ling connectijon managenment transactions, inplenenting the
mast er/ sl ave nmoddMB®% | ow control with frane based pol li ng schedul e,
enpl oyi ng geogr aphi cal and | ogi cal addressing, supporting

communi cati on packet based 1,01, Ll J C f

control states fromstates %@F%ﬁ%rtg%gsggﬁpgr{%&%%ﬁ)%ﬁ%r?lg%\.gflégnﬁ&?ar
The bus control | €4 o0& furgtions &lom adirstiingtion teim sacond functiarumaybest at e
machi ne and ci rcuy FrEfHeOEad i erpid i nd
ot her software sggfﬁrr%\%gsﬁgw ceogéléﬁé)(?\ﬁﬂfﬁ?%a' s'?.)?]t‘dtfél%Pg,’ enthe§b§?§§%ﬁ@£§ of
the system unit T.1ogigalagdresspa 6. {-ge HWpXRart"iofc LAge may be spegitied to)n
ga?agtenent fsutCE ;Rcdmmcdfammzs_esm?abiml sqhsﬁwﬁd pteqrt con?e@Lcﬁsent,
etection o eir_ inter ctian topolo et.ec n.o

functions of t e TACSIEDRRLIEGNAGhns ARy TPblerich Barbinde f presses.
geogr aphi cal and | ogi cal addresses. The services further include

transacti on managenent su_ch‘?ﬁ%hrg&ngf F}{,P mﬁﬂgﬁi‘gﬁnﬁ?@@ﬁ@ﬁﬁ“&he

pol ling schedule, polling o e serila ] unctions of the
bus agents, ackn&RMEBYRiAtioprPacketsiccordy iba yagpus feansactians js described

el ements and f ung iteagonterhperdtisourBefiled capshding BpRISatidn, dafral Wuniber

f ti f th ts... F det d
Hoscri ot ton of ¢ MEARZ 874, Btivec Method And. Agparatus Bor ExERagia Rl | or
sof t wg_r e ser v: cesStatis Asfl@Commarus Over Ani HiaU%m)h'rm Seriay Busf Assembly
i ng appl i cafd: N
08/ 332, 573, " and @@@%@@Wﬁa’%‘ﬁ?@%& whictP¥/ étby ity idordrated by
erence. .

Figures 8-9 illustrate one embodiment of the bus controller
of the present invention. In this embodiment, the bus controller 14
includes a control state machine and circuitry 52, control/status registers
54, data buffers 56, and bus controller software services 58. The
control/status registers 54 are used to store the various control and
status data. For examples, the serial bus elements present, their
interconnection topology, the functions of the various interconnected
peripherals, the geographical addresses assigned to the serial bus
elements, the logical addresses assigned to the functions of the _
interconnected peripherals. The data buffers 56 are used to buffer the
data of the data communication transactions between the bus agents.
The control state machine and circuitry 52 operates the hardware,
controlling data communication transactions and employing the above
described master/slave model of flow control, under the programming of



noted that the allocation of functions to the hardware and software

servi ceswofsmsmribus controller 14 is inplenmentati on dependpdisosidzss
present invention nay be practiced with any nunber of allocations, -
rangi ng fromm ni mal hardware usage to m ni mal enpl oynent of sof tware

servi ces. Figures 10-11 illustrate one enbodi nent of
the bus signal di stributor of the present invention. The illustrated
enbodinent is a 1:7 WD 96113771 :

PCT/ US95/ 14244 -18- ' -19-

bus signal distributor 18 having control circuitry 66, control registers
68, a d S gnal

di stributor nﬂl)eBbtPé’Egﬁtrglﬁr éDdH @oﬁﬁkéggc%%ﬁ%@ &ﬂaﬁgﬁe'ﬁ%oﬁ er bus

si gnal di st riGRAtMI state macmme WFH’C@!'“’-Y 52 w@ﬂs@lﬁfﬁtﬁscmm\ﬂ@e{ o a total

of 7 bus si gnééntrollmg coﬁhébfd:rblﬂﬁéﬁégérﬁeﬁﬂﬁéﬁéaémﬁ!d ann@lérﬁéﬁﬁn ?héo itself.
The control re and

status infor fﬁ{sé Y:‘?‘l W%t@& { Control W't"éffﬁ(')"?? %éﬁeﬁ&"\wﬁ‘%ﬁé}‘ qoﬁ‘l'%'rface 22

connected to emptnyum@tgeogmbhvbat and logieal addressing,tsupparingur ned ON OFF.

The control Céérﬁglit}rﬁé( QQ@E eU‘@an‘i’éh%tiop prdﬂrQH@reﬁéeihf B5tY 8hd 18

responsive to 1n Ui on us -con -

| n enbodi rrent@oﬂ/tffdr%atleﬁémfﬁ\ﬁt%%tomﬂ@ pippagatian electrigal signals. 20 are used

to interconnect the serial bus elements, and electrical signals are -
C .

f bl ted di ff rt 24
Porpr | 205 tho 1 er ont THE BHs Ao Ales SoHVERA Sphigas DEITRBEAThe  ne |
differenti al conrolistateRnathineband cizegitry (G2 tespbnisivet foetheheperatingwo r esi st o's
ground. ¢ her Sﬂf‘%’*fﬁ&@ ‘ﬁﬁé‘“ spflinte, S5 BS RMHaGo Unigiid Bl ' °
i nterface 22 §2apd G etbersystem unik12ppn oprticular, the sewicds inckidet ors 74
may be deterrﬁd?ﬁ\%cﬁﬁ'ﬁ'rhhﬁﬁbéh‘leﬂ?@ﬁeﬁl'a@%éi@cin&?'o‘f’bgHéib sgleérelents

i mpl enent ati ons or nor e det aj scription of
the bus si gnaPregpat detegstin of their '"&93"30?%?%3!0'1 @Wﬁ'rﬁ’@é?%lﬂ‘b?%@eby
reference copandiiows aptie iméiconnesiad péripherals, -andrdssigirientaf théb.

Figures 12-13,d4drH3hical Sn860i24P2diseRbs O rid SeRiides further include
transaction management such as generation and maintenance of the
polling schedule, poliing of the serial bus elements and functions of the
bus agents, acknowledgment of certain responses of the serial bus
elements and functions of the bus agents, and exchange of data with
functions of the bus agents.

" For a more detailed description of the bus controller
hardware and the bus controller software services 58, refer to the
incorporated by reference copending applications, serial numbers
08/332,375, 08/331,727, 08/332,573, and 08/332,337. - It shouid be
noted that the allocation of functions to the hardware and software
services of the bus controlier 14 is implementation dependent. The
present invention may be practiced with any number of allocations,
ranging from minimal hardware usage to minimal employment of
software services. -

Figures 10-11 illustrate one embodiment of the bus signal
~ distributor of the present invention. The illustrated er_nbodiment isail7



i
interfaces of the present invention. For this enbodi ment, the bus

interface 23ygegRsi;ges control circuitry 80, control/status re a
connector interface 84 and two FIFGs 76 - 78, a Receive FIFO 7%&1&1555714%

Send FI FO 78. Receive and Send FIFGCs 76 - 78 are used to stage the
receive and send data for data conmuni cation transactions. The
control/status registers 68 are used to store its own control and status
i nformati on such as its assi gned geographi cal address, functions of its
WO 96/ 13771 -19-

PCT/ US95/ 14244 - 20-

e 1Py 58" oper bAoA BT deb SRR B, FiFediders oo
per ihpher al -and t h;ndk&pbl‘tsmr i IBbl;trOaM ﬂ'sn ﬁsT:tto oosnecgtt]ethechmzz«gnalcdlstnbutor
aut hori zations andg U@#r&%rtn' t%riﬁe 61%"2:6 FolleY $1 £8P 5h hgfrbu ignal djgributor

I n enbodi nents where gnal used
to interconnect tfA8. SZortsi %greeu%eﬁbm eonrm! u@l'@oﬂ totabmﬂ bus signajnal s are

preferably pr Opaga’isﬁ?ﬁbut&r@d'érfo%leﬂﬁé Hteﬁﬁé\éb?22 tb *}gelf The éd?ﬂﬂﬁ?éﬁirs ers 68
I nterface 84 conprises renti al g‘gag ers Lether
I

‘generating the di Pf%f‘@ﬁg |t9I5t%’redF§a?‘é’n asntro sjatusiip %B\@ﬂgetﬁch as w
interface 84 furtagort 2¢lhades busintetiace 22 cortieoted pd itbrindt Vand ahetherthe

D Pey o o Rl R N . P Eonf BB o kg el
val ues of resist oSlgnademebsd%Eemmen tociostrugtions oty theehies dontyolter
i ndi vi dual inplenggtations. - For a nore detailed

description of the bus interface 22, refer to the incorporated by
ref erence copendi ng applicati ons, serial nunbers 08/ 332, 375,

08/ 331t 727f 08/ 332, |5|73 and I@%’n&?&irﬁ@ﬁts where the low codhtwo s@nﬁ?wmmds
appar at us or ser S ronou n I‘OI’]O
peripherals to thg61 ét %ﬁﬁﬁﬁts@f'ai%?&lﬁme" S, "é gcqsctnca :
hi er ar chi cal connelgnatmarmpeefemiy parm:ag'abedm ahdifferariial marment each port 24
I nvention has bee se
skilled in the a ?0@/??'%%2@@ drgﬂg}ee?‘?'??ﬁ{%égfsn\?}g | om %ﬁ?ﬁ :"2% to the
enbodi nent s descrdﬁf@dentmélml&o&ramawpaaqm por24 furthesrhaving two resistors
invention can be paagupfefitd\giduniPsd Ehéwhi pulingdhe sigiaas oAnthei tWd Wirks %
ground, thereby allowing the absence or presence of a connected bus
interface 22 to be discernible. The appropriate values of resistors 74
may be determined empirically depending on individual
implementations.

For a more detailed description of the bus signal distributor
18, refer to the incorporated by reference copendmg application, serial
number 08/332 375. -

Figures 12-13 illustrate one embodiment of the bus
interfaces of the present invention. For this embodiment, the bus
interface 22 comprises control circuitry 80, control/status registers 82, a
‘connector interface 84 and two FIFOs 76 - 78, a Receive FIFO 76 and a
Send FIFO 78. Receive and Send FIFOs 76 - 78 are used to stage the
receive and send data for data communication transactions. The
control/status registers 68 are used to store its own control and status
information such as its assigned geographical address, functions of its



spirit and scope of the appended clainms. The description is thus to be
regar dedwasegrigrpst rative instead of l[imting on the presen %%}P%g .
ystem

- 21 - What is clained is: 1 1. A

conprising a serial bus assenbly for serially 2 interfacing one or nore
I sochronous and/ or asynchronous peripherals to a system 3 unit of the
conputer system the serial bus assenbly including 4 one or nore

i ndependent |y addressabl e bus interfaces, one for each 5 peripheral, for
i ndependent |y coupling the peripherals to he . 6 systemunit,

conducting bus managenment transactions including 7 configuration

nmanagenment tra us master, . and facilj tatln dat a
transactions Ha%fté?%&ﬁ%‘ HH@HF?V af&fﬂ'@s"s!?@l’“@'@ﬂ%&? ?rp
respective percirghitrya68 operatestee |b|ulsentdrfdw\ﬂ2219n(beha¢frofﬁheehb@ldege][ldent {K
10 addressabl [ qe&?n ! | ve romthe
bus nmaster, P@ﬁp‘ﬁ@?ﬂ %ﬂfethdter a@éﬁg&é%@%{@?ﬁ%&g@% €% the serial
bus assenbl y; authgrizations ancinstructions @Qﬂhﬂ@)bhd@mlmlladdm.essabl e bus signal

di stributors, each having 13 a plurality of ports, for = coupling said

one or nore bus |nterfa reamtqwards the systemunit, and
serving as conduits for B&“E‘P@H}ﬁmg%@fe%gﬂ?wm&ﬂe sigal mire,cables

the serial bu0 areéusexskeimbércohneciotheyserialibug éiehidﬁlts rﬁrﬁ‘l' BRefricdihe single

bus i nterfacegighAOURs pafbPably bfopidstedys é@%te?entlaa} Wahher, the the serial
connector interface 84 comprises two differential amplifiers 86 and 88 |
for generating the differential sighals. Preferably, the connector ‘ -
interface 84 further includes two resistors 90 coupled to Vce as shown,
pulling the signals on the two wires to Vece complementary to the port
circuitry of a connecting bus srgnal distributor- 18. The appropriate _
values of resistors 90 may also be determined empirically depending on
individual implementations. o -- :

For a more detailed description of the bus mterface 22,
refer to the incorporated by reference copending applications, serial
numbers 08/332,375, 08/331,727, 08/332,573, and 08/332,337.

Thus, a method and apparatus for serially interfacing isochronous

and asynchronous peripherals to the system unit of a computer system
~ using hierarchical connections has been described. While the present =

invention has been described in terms of the above embodiments, those
skilled in the art will recognize that the invention is not limited to the
embodiments described. The method and apparatus of the present
invention can be practiced with modification and alteration within the
spirit and scope of the appended claims. The description is thus to be
regarded as illustrative instead of limiting on the present invention.



t
18 bus assenbly has nore—than—one-bus—interface, each bus interface is

19 coupl edwipsdzyem t o a bus signal di Stl’l butor, and each buspcrasvali14244
di-stributor in turn is cou ﬂ- another bus signal distributor,

except for 21 one bus s whi ch i& coupl ed upstreamto

the bus master: 22 an addressable bus controller coupled upstream
to the systemunit, and 23 downstreamto either a bus signal distributor
or a bus interface depending on 24 t he nunber of bus interfaces

-22- 25 included in the serial bus assenblaj- for functioning as the bus
master, authorizing 26 the zero or nore bus signal distributors, the bus

interface(s), and%’aw%nct ion(s) of 27 the peripheral (s) to conduct
transactions, co g managenent transactions 28 including
configuration nanagenent transactions with the zero or nore bus signal 29

di stributors and what Ugaimécid:ace(s); and facilitating data transactions
30 with the systemunit, said bus controller dynamcally 31
generating and maintaining a frane based polling schedule for polling said
functions 32 of saiAl cpmpmeleswétenf comgeisingt a sedakchusassemblydfodysedaligal | y

Pochronous. per  AsraRffe, o o AFE S@’%ﬁﬁ%@ﬁaﬁé?ﬂ‘i"gﬁgwﬁ‘?‘gﬁvﬁéﬂﬂ%’a‘s
The conput er systtem sistemtunibet thei coraputemsystenmdneiseriahbus iagsembly

controller of thengQ bus assenbly dynami cally determ nes and keeps

track of 3 connecti O opol o% bet ween sai d bus contro]ller, said zero or
more bus si gnal one or ore bus interfaces, one for each peripheral, for

interconnecting the peripherals to the serial bus assembly, conducting
management transactions with a bus master, and conducting data
transactions on behalf of functions of the respective peripherals, each
peripheral having one or more functions, responsive to authorizations
received from the bus master, each bus mterface being- a terminal pomt
of the serial bus assembly; -

zero or more bus signal distributors, each having a plurality of
ports, for interconnecting the one or more bus interfaces upstream
towards the system unit, and serving as conduits for bus signal
distributions, wherein if zero bus signal distributor is employed, a single
bus interface is coupled to the bus master, and if there's at least one bus
signal distributor employed, each bus interface is interconnected
upstream to a bus signal distributor, and each bus signal distributor in
turn is coupled upstream to another bus signal distributor, except for one
bus signal distributor, which is coupled upstream to the bus master;

a bus controlier coupled upstream to the system unit, and
downstream to either a bus signal distributor or a bus interface
depending on whether at least one signal distributor is employed, for
functioning as the bus master, authorizing the zero or more bus signal
distributors, the bus interface(s),and the function(sf of the peripheral(s)
to conduct transactions, conducting management transactions with the
zero or more bus signal distributors and the bus interface(s), and
conducting data transactions with the function(s) of the peripheral(s).

This Sheet Has Been

i

THIS SHEET HAS BEEN
REPLACED




4 di stributors, and said one or nore bus interfaces. 3. 1
3. wowxs'me conputer systemas set forth in daim %Cl‘fﬁﬁﬁﬁh said

2 bus controller, said b Im tors and said bus 1 ntertaces.
support a 3 geographi Cif"mm"ﬁl ﬂm[” Eddress space, said bus
controller polls said functi"fon§ of ™4s said peripherals for data

transactions in said |ogical address space 1 4. The
conput er systemas set forth in Cdaim 1, wherein said bus 2 control | er
further polls said zero or nore bus.g.gnal distributors 3 and said

one or nore bus interfaces for rranagerrent transactions including

- 23 - 4 C@flgwmamﬁméfggggsm < SERRRIhRBRirc, Sigtaf A A, Y

enerated and 5 mal nt al ne ased
'?'he conput er SPATONLR ST tha sedak bus assembiy dyqamm@y@letemnestam keeps

‘track of connection topology between said bus controller, said zero or
more bus signal distributors, and said bus interfaces.

3."  The computer system as set forth in Claim 1, wherein said bus
controller of the serial bus assembly dynamicalzly.generates and
maintains a frame based polling schedule for polling functions of
peripherals hosting said bus interfaces for data communication
~ transactions. B | 5 o ‘

4. The computer system as set forth in Claim 3, wherein said bus
controller, said bus signal distributors and said bus interfaces support a
logical address space, said bus controller polls said functions of said
peripherals for data transactions in said logical address space.

5. The computer system as set forth in Claim 3, wherein said bus
controller further includes polling of said zero or more bus signal
distributors and said bus interfaces for management transactions in said
dynamically generated and maintained frame based polling schedule.

6. The computer system as set forth in Claim 5, wherein said bus
controller, said bus signal distributors and said bus interfaces support a
geographical address sp'aée, 'said bus controller polls said bus signal
distributors and said bus interfaces for management transactions in said
geographical address space. '

7. . The computer system as set forth in'Claim 1, wherein said bus
controller employs a number of element packets having -p_ack_et types
identified by packet identifiers for conducting data transactiOns with
functions of peripherals hosting said bus interfaces, and for conducting
management transactions with said bus signal distributors_and said bus
interfaces, said bus controller, said bus signal distributors, and said bus
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2 controller, said bus stgnat—distributors and said bus interfaces

support a wWo9sgerqraphi cal dress space, sai dpE&rves9s/i14244
controller polls said bus s lﬁgﬁl‘ﬂl |ﬂﬂ mfbutors and said one or nore bus
interfaces for managenent t i ncl udi ng configuration
managenent transactions in said geographlcal address 6 . space. 1 6.
The conputer systemas set forth in Claim1, wherein said bus controller 2
enpl oys a nunber of el enent packets having packet types identified by
packet 3 identifiers to create comuni catdn packets for facilitating
data 4 transactions with said systemunit and/or said functions of said
peripheral s v ointeriaced¥inbl £ BRAIALHAR AT o bIABEATLE 832nAfiahgd no
6 configurati.on managenen sactrons sal ro or nore us sFgna
7  distribut orssﬁlﬂipgﬁkelfsone or nore bus interfaces, said bus controller,
said.zero or 8 nore bus signal distributors, and said one or nore bus
interfaces enploying a 9 pr edet er m ned control fl ow protocol for
exchangi ng sai d packets. :
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