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(57) Abstract

Logic is provided for a bus controller (I4), a number of 1:n bus signal distributors (18), and a number of bus interfaces (22) of a
hierarchical bus assembly (26) for conducting data communication transactions between bus agents intercotinected to the hierarchical bus
assembly (26). The hierarchical bus assembly (26) is used to serially interface a number of isochronous and asynchronous peripherals (16¢c-f)
to the system unit (12) of a computer system (10). These serial bus elements implement a number of elemental packets and a number of
transaction protocols, employing a master/slave model of transaction flow control. Data communication transactions are conducted using
the elemental packets and in accordance with the transaction protocols, In some embodiments, these serial bus elements are also used to
conduct connection management transactions between the sexial bus elements. The connection management transactions are conducted in
like manner as the data communication transactions.




A nunber of interrelated considerations is nmaking it desirable to ¥
have a single, relatively fast, bidirectional, isochronous,

| ow- cost, and dynamically configurable serial bus for sinultaneously -
connecting isochronous as wel|l as asynchronous peripherals to the v
systemunit of a desktop conputer system |sochronous peripherals are
peri pherals that generate real tinme natural data such as voice, notion
video, and the |ike. These interrel ated considerations include:

Connection of the Tel ephone to the Desktop Conputer ' It
I s expected that the nerging of conputing and ~communi cation will -be
the basi's of the next generation of productivity , applications on -
desktop conputers. The novenent of machine oriented and human
oriented data types fromone |ocation or environnent to anot her
depends on ubi quitous and- cheap connectivity. Unfortunately, t he
conputing and communi cati on industries have evol ved |ndependently
As a result, a wi de range ot_deskLgp—eeﬁﬁurer'and -+ tel ephone

|nterconnects have to be supported Ease of Use
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Fhe 1 ackKWOM6HBESi bi lity in reconfiguri ng deskt op conput er SPCT/USIS/14243s 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 made desktop conputers | ess confrontationa

and easier to reconfigure. However, fromthe enduser point of view, the
desktop conputer's I/ O interfaces such a§1§eriallparallel ports,
keyboar d/ nouse/ | oysti ck |nterfaces st|II Iack the attributes of pl ug and
play or too |i nids DA £ N atatus 2] &N ands Qver Anve
at t ached/ det aCheﬂe&m@s&L&eﬁi@p@Sﬁ%M@gﬂm&aﬁon

The addition of external peripherals 8 as op conputers conti nues
to be constrained by port avail ability? ck of a bi-

directional, |owcost, Iom/to n1d speed peri pheral bus has held back the
proliferation gﬁﬂﬁge/fax/nnden1adapters

answeri ng nmachrhes, S Sothe tal assistants (PDA),
keyboar ds, nouses, etc. EX|st|ng I nterconnects are optim zed for one or

1. Field of the Invention

The present invention relates to the field of computer
systems. More specifically, the present invention relates to serial buses
for connecting peripherals to the system units of computer systems,
including the associated controllers 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 simuitaneously
connecting isochronous as well as asynchronous peripherals to the
system unit of a desktop computer system. Isochronous peripherals are
peripherals that generate real time naturat data such as voice, motion
video, and the like. These interrelated considerations include:

ion of the Tel h ' mputer
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

RECTIFIED SHEET (RULE 91)



two point products. As each new function or capability is added to the

deskt op conputer, typically a new interface has been defined to address

t hi s new.96/13776 In other words, this desurcgabsygmﬁk bus |s

‘expected to provide | ow cost sinmultaneous connectivity for the '

relatively | ow speed 10- 100 kbps interactive devices such as

~ keyboard, nouse, stylus, gane peripherals, virtual reality

peri pherals, and nonitors, as well as the noder at e speed 500 - 5000

kbps i sochronous devi ces such as | SDN, PBX, POTS, and other audio

devices. A nultiplicity of both types of devi ces are expected to be

connected and active at the sane tinme, and . yet the latter type of

‘devi ces are provided wihe Igdapalﬂembdntymeemncguangldesktop cdraputerslt hs.

Furt her nore, \V; e d
hﬁ@‘be@'ﬁ aéi@x%lv\ﬁléﬁq ?E(ﬁts ﬁcﬁlﬁ’es)ﬁg?% ifS 4y a\ﬁlplpmeﬁf‘

det ached, W|t the seria ace nani
- reconfigure ineQomiination of Pﬁ?éf"ﬁﬂﬂly E@%ﬂ@ldme&@cﬁﬁ Qﬂﬁ’ethGe‘WﬁM@"@orrput er
system and@oRWaté Aiéchanisms associated with the new generation of system
PCT/ US95/ 14243
bus architectures have made desktop computers less confrontatronal
and easier to reconfrgure However, from the enduser pomt of view, the
desktop computer's /O interfaces such’ as senallparallel ports,
keyboard/mouse/joystick interfaces, still lack the attributes of plug and
play.or too limiting in terms of the type of 1O. devrces that can be live

attached/detached

The addition of external peripherals to desktop computers
continues to be constrained by port avarlabtlrty -The lack of a bi-
~ directional, low-cost, low to mid speed penpheral bus has held back the
_proliferation: of penpherals like telephone/fax/modem adapters,
-answering machrnes scanners personal drgrtal assrstants (PDA),
 keyboards, mouses etc. Exrstrng mterconnects are optlmrzed for one or
two point products. As each new functton or capabrhty is added to the
desktop computer, typlcally a new mten‘ace has been deflned tc address
this need.

In other words, this desired serial bus is expected to 5
provrde low cost simuitaneous connectivity for the relatrvely low speed
10-100 kbps mteractrve devrces such as keyboard mouse, stylus, game
penpherals vrrtual realrty penpherals and monrtors as well as the
‘moderate. speed 500 5000 kbps rsochronous devrces such as ISDN

) PBX POTS and other audro devrces A multrplrcrty of both types of
devices. are expected tc be ccnnected and actrve at the same time, and
yet the latter type of devnces are prcvrded wrth guaranteed latencies and
bandwidths. Furthermcre the devrces are expected to be hot attached
and detached, with the senal mterface bemg able to dynamrcally
reconfigure itself without mterruptmg operatron of the desktop computer
system.
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- 3- There are several technol ogies that are comonly
considered to be serial buses for connecting peripherals to systemunits
of conput P ¥ %¥ns. Each of these buses is designed to ha §95/14243
specific range of comuni cations between systemunits and

peripherals. Particul ar exanples of these buses incl ude:

Appl e Desktop Bus (ADB): ADB i-s a proprietary bus of Appl e Conput er
Inc. It is a mnimalist serial bus that provides a sinple read/ wite
protocol to up to 16 devices. Only basic féj_nctions are requi red of
the controller and interface hardware. Thus, the | npl ement ati on cost
I S expected to be | ow. However, ADB supports data rates only up to
90 kbps, just enough to communicate with asynchronous deskt op

devi ces such as keyboar dsThere areusaerall technologies that are capmhbmlyof
si mul t aneousl y | r ' , [/eS
di scussed earll ic?rﬁ.gmréa?g btehgerfﬁ?%%s%%ﬁgg@gesdgﬁ@%%?l:s tR. iysltesrqg.)é\}gsl oped
by the Access. ®fgomputer sysigms: rfach of thesetbussspasiesignedtechandie s C
technol ogy of @tpﬂebqﬂé&aggﬁgﬁrcﬁm%mcaﬁons biWedn Seblatimitgeae of Digital

T

Equi prent Cor paoration esigned primarily for

.Abis al so [
asynchronous d&fpgera %@c@é‘{/l%ﬁmes of these buses include:

l k : ABB is a proprietary bus of
Apple Computer inc. It is a minimalist serial bus that provides a simple
read/write protocol to up to 16 devices. Only.basic functions are
required of the controller and interface hardware. Thus, the
implementation cost is expected to be low. However, ADB supports
data rates only up to 80 kbps, just enough to communicate with
asynchronous desktop devices such as keyboards and mouses. It is not
capable of simultaneously supporting the moderate speed isochronous
devices discussed eatrlier.

Access bus (A b): A.bis developed by the Access.bus
Industry Group. It is based on the 12C technglogy of Philips Corporation

and a software model! of Digital Equipment Corporation (DEC). Abis
also designed primarily for asynchronous devices such as keyboards
and mouses. However A.b is generally congidered to be more versatile
than ADB. A.b's protocol has well defined specifications for dynamic
attach, arbitration, data packets, configuratign and software interface.
Moderate amount of functions are required of the controller and
interface hardware. Thus, the implementatign cost is only marginally)
" competitive for the desired desktop applicatien. While addressing is

" provided for up to 127 devices, the practical loading is limited by cable
lengths and power distribution consideratiors. 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 requirements of
the moderate speed isochronous devices.



and nouses. However A.b is generally considered to be nore versatile
than ADB. A b's protocol has well defined specifications for dynam c

at t ach,wembils17at i on, data packets, configuration and sof trearusesmd2es f ace.
Moder at e amount of functions are required of the controller and

I nterface hardware. Thus, the inplenentation cost is only marginally
conpetitive for the desired desktop application. Wile addressing is
provided for up to 127 devices, the practical loading is limted by cable
I-engt hs and power distribution considerations. Revision 2.2 specifies

the bus for 160 kbps operation, -but t he4t echnol ogy has headroomto go

up to 400 kbps using the sane separate cI ock and data W res.
However, at 400 kbps, ' B frglsi renent s of

}:?;—er/ Eggglr i‘;ggg@ﬂﬁ% tssé’ﬁlHtPB%rnﬁiﬁrYdecé&al bus. It %@sﬁéﬂ@& [ manly for

hard disk and video peripherals, which may require bus bandwudth in
excess of 100 Mbps. t's protocol supports: both isochronous and
asynchronous transfers over the same set of ‘4 .Signal wires, broken up
as differential pairs of clock and data signals. Thus; it is capable of

- simultaneously meeting the requirements of low speed interactive as

-well as moderate s'peed isochronous de.\'/i__ce,s'.-_'-; However, elaborate
functions are required of:the controller and interface hardware,
rendering FireWire to be non-price competitive for the desired desktop
application. - Moreover, the first generation of devices, based on
FireWire's’ specmcatlon are only just becommg avatlable in the market.

: CHI is
developed by Amarican Telephone & Telegraph Corporation (AT&T) for
. terminals and digital switches. It is a full duplex time division - |
multlplexed serial interface for digitized voice transfer in a
communication system. The protocol consists ofa number of fixed time
 slots that can carry voice data and control information.- The current
specification supper‘ts data transfer rates up to 4,096 Mbps.  The CHI
bus has 4 sigh'al 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 simultaneously 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 result, CHIl is |
"also non-price competitive for the desired 'desktop application.

~ As will be disclosed in more detail below the present
tnventton provides the desired serial bus assembly, including its
associated controller, bndgmg connectors and interfaces, that
advantageously overcomes the Ilmltattons of the prior art-serial buses in
a novel manner. ' : -

L)



| EEE' s P1394 Serial Bus Specification (aka FireWre): FireWre is a

hi gh performance serial bus. It is designed primarily for hard di sk
and vi decWPEbIEITEr al s, which may require bus bandwi dth in PCT/USISH#28ss of
100 Mops. It's protocol supports both isochronous and asynchr onous

transfers over the sane set of 4 signal wires, broken up as

differential pairs of clock and data signals. Thus$-:iit is capable of
si mul t aneously neeting the requirenents of | ow speed interactive as
wel | as noderate speed i sochronous devices. However, el aborate
functions are reguired of the controller "8nd interface hardware,

rendering FireWre to be non-price conpetitive for the desired desktop
appl i cati on. MMWJW&t i on of devices, based on
FireWre's specification, are only just becom ng.available in the market.
The Concentration Hi gh [ nterf Hl ) ; IS, . devel oped by
Aneri can Tel ephone & Twaia?ﬁfﬁs r'ﬁBé%‘ﬂ‘?%W‘fﬁP@ﬁ'm%fF and terninals and
di gi t ial SWi t;:l“mn plemerstapy fogid providexktd ariustdtortmiiien a numberradlith plugxed
serial inter 0 r,

System  The progaeistilhors: BRghGRnsr 87 BB pieliafler of an niERIBHEREBS U1
can carry voi cessembly datcenducting dataocommiunicatitinetrangaations between bus

speci 11 cat | on AYERGTABrARIRAF IS IR hRARRILP bLG dbeBfibifibnpe The CH

bus has 4 sig ram Recel and Tr ansmi t
Dat a. Both. ¢ NUCTAIGHICALSEF RRaeSRTERY.s seRR0 5ol ieieca 2 BATIDar g
(i.e. PBX swi tigbghrohbus, arnd as;mcmlrsmowpembl@er@is ® e $yemutivonaeti ng the

S oS o TS 5 e e
bus elements implement a number of elemental packets and a number
of transaction protocois, employing a master/siave model of transaction
flow control. Data communication transactions are conducted using the
elemental packets and in accordance to the transaction protocols. In
some embodiments, these circuitry and complementary logic of the
serial bus elements are also used to conduct connection management
transactions between the serial bus elements. The connection
management transactions are conducted in fike manner as the data
communication transactions.

Typically, the bus controller is digposed in the system unit,

and interconnected to a number of 1:n bus signal distributors and a
number of bus interfaces. The bus interfaces are disposed in the
connecting peripherals, one bus interface per connecting peripheral.
The peripherals, through their bus interfaces; are generally connected to
the system unit, through the bus controller, uging one or more of the bus
signal distributors. A bus interface is always & termination point. Only a

" bus signal distributor may have one or more bus signal distributor(s)
and/or bus interface(s) connected upstream terit. Together, the system
unit, the serial bus elements, and the peripherals form an hierarchy of
interconnected devices.

A connecting peripheral may be an isochronous or an
asynchronous peripheral. Typically, the isochronous peripherals



required of the controller and interface hardware. As a result, CH is
al so non-price conpetitive for the desired desktop application.
As w | lwbee/ti7se! osed in nore detail below, the present pcTruses/iuggenti on

provi des the desired serial bus assenbly, including its associ at ed
controller, bridging connectors and interfaces, that ' advant ageousl y
over cones the limtations of the prior art serlal buses in a novel
manner . WO 96/ 13776 .
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SUMVARY OF THE | NVENTI ON - -6- The present invention includes
circuitry and conplenentary | ogic provided to a bus controller, a

nunber of 1 operateswith data rates in the range of 500 - 5000 kbps, whereas the
asynchronous peripherals operate with data rates in the range of 10 -
100 kbps. Furthermore, a connecting peripheral may be a multi-function
peripheral, i.e. multiple functions being m'app_ed'to_ a single bus
connection point serviced by a single bus interface.

The élemental packets include a token packet,a =
handshake packet, and a data packet. Each packet includes a packet
identifier identifying the packet type and natureof the packet. : ' ‘
Preferably, each packet further includes a leading sync field to aid the
interconnected devices.in-receiving the packet.. The transaction '
protocols include protocols for transactions -be_.-tWQe'n the- system unit and
‘any one of the functions of the- intercor'u_necte_'d_-pe,;ripherals,_ between any
two functions of the interconnected peripherals, and between the system
unit and any one of the interconnected devices. The elemental packets

- and transaction protocols are adaptable for data. communication as well
as connection management transactions employing the master/slave "
model of flow control. 5

In embodiments where the various devices are physically
interconnected toget_her using low cost two signal-wire cables, and
electrical signals are propagated between-the'interconnected devices
over the two signal wires in a differential manner, preferably the -
‘beginning and the end of a packet is denoted by the "fault” condition of
zero difference. In embodiments where the interconnected devices
jointly implement geographical addressing for the devices and Iogncal
‘addressing for the functions of the interconnected peripherals, the

" elemental packets a_nd'the transaction protdcols further support
transactions conducted in either th'e-geo'gra_phi_cal address space or the
logical address space. : ‘



{
signal distributors, and a nunber of bus interfaces of an hierarchical bus
assenbly for conducting data conmuni cati on transacti ons between bus
agents i nversgasmrgcted to the hierarchical bus assenbly. Thepcrmsesigzas
hi erarchi cal serial bus assenbly is used to serially interface a nunber of
I sochronous and asynchronous peripherals to the systemunit of a
conputer system These circuitry and conplenentary |ogic of the serial
bus el enents inplenent a nunber of el enental packets and a nunber of
transaction protocols, enploying a master/slave nodel of transaction
fl ow control. Data communication transacti/ons are conducted. using the
el emental packets and in accordance to the transaction protocols. In
sonme enbodi mrenBRIEFHRE DRAWINGISErent ary | ogic of the
serial bus elements are aI so used to conduct connecti on nmanagenent
transacti ons between the serial bus elenments. The connection
management transactions dhe pliﬁsaut'tr‘a!entinnl\lﬁlt@erwﬂmﬁbedsbycWaydﬁta
communi cation i éﬁ(ﬁsﬁa"fg'é?ﬁﬁowments but not limitations, ﬁt{!@d’% Hghe bus

S N it | nt er con

controller is dlgg &/ nected to a
nunber of 1 :n3BERMPAGHIRG ewingHin Wmh@ seferences denple SIMilBls
i nterfaces. Theidméntsnapdfinaascer e di sposed in the connecti ng

i pher al bus i nt g t Th
beri phor al s, through t herioRtE 1ibsFARRCE SREBRRASL s vsiernd to
t he system uni tncovpmnattngg thb eselias busneachihgs of tiw presamd imventione of the bus
L o i rrre o PRgUe 2 RS eUIP Y RREH BFiHL S Blle OV 2

bus si gnal dlstrlbutor ribu
and/ or bus i nt 8F5emBlyspf E&W@c!é@lf%%fr@%ﬁﬂlto it. Toget her, the system

Figure 3 illustrates a master/slave model of flow control
employed by the present invention for serially interfacing the
interconnected peripherals to the system unit and controlling transaction
flows; -

Figure 4 illustrates a frame based polling schedule of the
present invention implemented by some embodiments for poliing 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 implemented by some
embodiments for conducting transactions employing the master/siave | .
model of flow control; '

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

' Figures 8-9 illustrate one embodiment of the bus
controlier of the present 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;



unit, the serial bus elenments, and the peripherals forman hierarchy of

I nt erconnect ed devi ces. A connecting peripheral may be
an i soowo96re3736 Or an asynchronous peripheral. Typi eerloges/idass

i sochronous peripherals WO 96/ 13776
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operate with data rates in the range of 500 5000 kbps, whereas the

-~ asynchronous peripherals operate with data rates in the range of 10 -
100 kbps. Furthernmore, a connecting peripheral may be a nmulti-function
peripheral, i-e. nmultiple functions be'r&rg mapped to a single bus
connection point serviced by a single bus interface.

The el emental packets FlgLIred‘Mai-ttﬂbalﬂqsmkeatoneaembodlment of the

elemental packets of the present invention;

. Figure 15 |Ilustrates one embodlment of the packet
identifiers of the elemental packets mcludlng the packet types they
identify; R e _
Figures 16a - 16¢ and 17a - 17d iillustrate one

embodiment of the packet fields of the packet |dentmers and their
correspondmg meanings;. - '
Flgures 18a - 18c |llustrate one embodlment of
connection management transactlon protocols _ . '
Figure 19a - 19k |llustrate one embodlment of data
commumca’uon transaction protocols; . |
Figure 20 |Ilustrates one embodlment of a state machme
provided to the bus controlier for lmplementmg the above described
protocols; . - . _ TR o
F.igure' 21 illus_trate__s one_,embgdi.ment_of a state machine
provided to a bus signal distributor for implementing the_ab_ove_
_described protocols; : » :
Flgure 22 ||Iustrates one embodlment of a state machine
provided to a bus mterface for lmplementlng the above described
protocols.



I
handshake packet, and a data packet. Each packet includes a packet
identifier identifying the packet type and nature of the packet.
Pr ef er ablWO 96416 packet further includes a | eading sync fi elai/msesasadst he
i nt erconnected devices in receiving the. packet. The transaction
protocol s include protocols for transactions between the systemunit and
any one of the functions of the interconnected peripherals, between any
two functions of the interconnected peripherals, and between the system
unit and any one of the interconnected deyvices. The el enmental packets
and transactionprotocols are adaptable f% data communication as well

as connection nanagenent transactions enploying the naster/slave

model of rowQEEﬂieEDQE.S_Q_._Q_R'PTI N | n enbodi ments where the

vari ous devices are physically I nt erconnected together using | ow
cost two signal wire cable el ectrical signals are propagated
bet ween the i nterconnect'lé‘dt?‘Gefsﬂe‘élg‘g descriptighdpr PHEPQ 6} %SF s in a
dif]l‘( ere_ntigl nepettfic nimekes, abhterialeand confxg@?@bnﬁlwgséﬂwﬁmm erdéred a
packet is de o]

embodi ment s aZpdgr bR dlinersiadln, oing present invBfiidh, HogpllcR; '
geogr aphi cal awidiressgpparendto ohe skdleiddesharadt thaythapresent inverdignemay ng
for.the functipgn ?réﬁuobﬁ%dﬂ&ﬁrtﬁ@@B@fﬁl@@e?ﬁfs‘, pﬁ'\eétﬁbﬁmété"'ﬁces well kifoveRENt al

packets and th ransacti on lQpchoco

r transacti ons
conduct ed in CHYSHITS@iE SHou aeamraaaac@é%%sa@@mmtfﬁm in order Pelg; cal

addr ess space.to obscure the present invention.

rchical Serial Assemblv for Serially Interfacing | ron
Asynchron Peripheral m_Linit of r m

Referring now to Figure 1, a black diagram illustrating an
exemplary computer system incorporating the serial bus teachings of
the present invention is shown. Exemplary computer system 10
comprises system unit 12 having serial bus controller 14 of the present
invention, 1:n bus signal distributors 18 of the present invention, each
having n+1 ports 24, and peripherals 16 having bus interfaces 22 of
the present invention. Peripherais 16 are coupled to bus controller 14
of system unit 12 through 1:n bus signal distributors 18 and preferably
cables 20. Collectively, bus controller 14, bus signali distributors 18,
bus interfaces 22, and cables 20 form a seridl bus assembly 26
interconnecting bus agents, i.e. system unit-12 and peripherals 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 an&50 between the
interconnected devices 14, 18 and 22 in a differential manner. For
examples, a negative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit~ Electrical signals are
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BRI EF BE®OSAFITT6 ON OF DRAW NGS The ppepmBds/iapasEenti on
wi |l be described by way of exenpl ary enmbodi nents, but not
limtations, illustrated in the acconpanyi ng drawi ngs in which like
references denote simlar ' el enents, and in which:

Figure 1 illustrates an exenplary conputer system i ncorporating the
serial bus teachings of the present invention; Fi gures
2 illustrates-one embodi ment of the sefPal bus assenbly of Figure 1
in further detail; Figure 3 illustrates a naster/sl ave

nodel of fl cpnetemablycalso used to sigriabwetlrhpet dieinforetation. | Forcfatthen for serially
|t er f act "9 ddaription of olAESGREAG, S84 UBTPRAIM AgbilchforYsddal uni t and
number 08/332 337, entitled Method And Apparatus For Serial Bus
Elements Of An Hnerarchu_caLSenal Bus To Electrically Represent Data
And Control States To Each Other, which is hereby fully incorporated by
reference. ' '

~Except for bus controlier 14; system unit 12 is intended to
represent a broad category of sys_tem-uhit_s- of -Co_m_pute_r_systems whose _
constitutions and functions are well known, and will not be otherwise ‘
further described. - Similarly, except '_for_-:bu_-s i_nte___-rfa___ces 22, peripherals
16 are intended to represent a broad category of desktop peripherals,
such as keyboards, mouses, monitors, speakers, microphone,
‘telephones, whose constitutions and functions are-also. well known, and
will not be otherwise further described either. Bus: controller 14, bus
signal distributors 18 and bus interfaces 22 will be described in more
detail below with additional réferences-t_o the remaining figures.

- Figure 2 illustrates one embo‘diment*o_f. the serial bus

assembly of Figure 1:in further detail. For this embodiment, serial bus

- assembly 26" includes seriél bus controiler 14, standalone 1:n.bus
signal distributor 18a, mtegrated 1:n bus signal distributor 18b, and bus
interfaces 22a - 22f. The serial bus assembly 26° mterconnects bus - |
‘agents telephone 16a, compound keyboard 16b including keyboard
pen and mouse functions, monitor cnrcuntry 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-.1_8_b_.and 22a-22f, and the_,_\
“interconnected peripherals 16a-16f form an hierarchy of
interconnected devices. |

Under the present invention, a. bus lnterface 223 22f is
always a termination point. Only a-bus: signal dlstrlbutor e.g. 18a, may
have one or more bus signal distributors, e.g. 18b, and/or one or more
bus interfaces, e.g. 22a, CQupIed upstream to it. Forthe purpose of this



{
Figure 4 illustrates a franme based polling schedul e of the pr esent

I nvention inplenented by sone enbodi nents for polling the sl ave
"devi ces"WO 96/13776 Figure 5 illustrates geogr aRGRIESISHAE3

| ogi cal addressing of the present invention inplenmented by sone
enbodi nents for addressing serial bus elenents and functions of bus
agents; Figure 6 illustrates the essential elenents of

comuni cati on packets of the present invention inplenmented by sone
enbodi ments for conducting transactions elqpl oyi ng the master/sl ave
nodel of flow centrol; Figure 7 illustrates one

enbodi nent of the cables sically connecting the serial bus
el ement s under ing;gs%r,eeggﬁpeam means rpé,{he bus-controller". Thus, exceplur es

8-9 illustrat efoptite aehenermeicast witerelthe serial bus&@eehily 26 Itds bh@ gheesent
i nvention incl ur es

10-11 il lust rac'fb n mér&?ﬁ'&?ﬁgﬁa{ﬁqyf)ﬁ@ l%ﬁg@ugus signai dﬁt%&&pr ﬁ%+ ut or of
t he present i rit@atthehisi cannedited upstreaon to thierbus costrolier 14.

Figures 12-13 illustrate one enbodi nent of the bus interface of the

present invention including Its connector circuitry;
hermore, under the present invention, a connecting

peripheral may be an isochronous peripheral, such as telephone 16a,
speakers 16d-16e, and microphone 161, or asynchronous peripherals,
such as compound keyboard 16b and monitor 16¢c. The isochronous
peripherals may operate with a data transfer rate as high as 5 Mbps,
while the asynchronous peripherals may operate with a data transfer
rate as high as 100 kbps. Furthermore, a connecting peripheral 16a -
16f may be a multiple function peripheral, i.e. muitiple functions
mapping to a single bus connection point serviced by a bus interface,
e.g. 22b. Similarly, although not shown, the system unit 12 may
suppont multiple clients.

Figure 3 illustrates a master/slave model of flow 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 distributors 18,
and the bus interfaces 22 cooperate to implement the mastet/slave
model of flow control. The bus controlier 14 serves as the master, and
the signhal bus distributors 18 as well as the bus interfaces 22 behave ~
as slave devices to the bus controller 14. A

Under the master/slave model, the bus controller 14

- provides flow control for all data communication transactions between
the bus agents at their respective operating speeds. The bus 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
"polied”) to do so by the bus controller 14. The bus signal distributors
18 serve strictly as signal distributors. They are merely transparent
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Fi. gur e weg86/137361b i |1 |l ustrate one enbodi ment of the eCemsod/phk4packet s
of the present invention; Figure 15 illustrates one
enbodi-ment of the packet identifiers of the el enental packets

I ncl udi ng the packet types they . identify; Fi gures
16a - '16c and 17a - 17d illustrate one- ~enbodi nent of the packet
fields of the packet identifiers and their correspondi ng neani ngs;
Figures 18a -_18c illustrate one embodilRent of connecti on. managenent
transacti on protocols; Figure 19a - 19k illustrate one

Ie:_rrbodi m;gt _ lcﬁdndmita when datvcommiuriitation transactionsaregonductacby the

i gure Wl hi - d

thg bus COntﬂrﬁ‘ﬁs{:&ﬂcﬁfbrcﬁeaﬁméipﬁﬁr?ﬁtte?f’(ac@%%ﬁ b@ﬁ%h'd?ghe bus a n?%’ 'chldst 0
Figure 21 i|Thus. the @ysm%lrﬁj%leMS 18 nevertaptivepatisipate. in datdyr ovi ded to

| gr g;’zcgi g“a|cd?hﬁﬁ1hid§ﬁbﬁrtraﬁ§ad18ﬁéeé&§dt datd BP réddRl with data.descri bed
_ Th'e"bus"controller 14 -systematlcally polls the functions of

the interconnected peripherals 16 through-their bus interfaces 22 for

" data communication transactions in accordance to-a polling schedule
which guarantees latencies and bandwidths to the isochronous - _
functions of the intérdohnecte'd peripherals 16.: Polling. of the - '
isochronous functions:of the interconnécted peripherals 16 for-data:
communication transactions are prioritized over-for-all other polling-and'
as frequent as they are necessary to meet the guaranty.  Polling of the
asynchronous functions of the mterconnected peripherals 16 through

- their bus interfaces 22 for- data communication transactions are-
scheduled around the polling of the isochronous functions of the
interconnected péripher_alé 16 for data communication transactions.
Preferably, the polling schedule is dynamically adapted to the
interconnected peripherals 16 actually' present. .

In some embodiments, the bus controller 14, the bus -
signal distributors 18 and the bus in_terfacies‘- 22 further engage in
connection manag'emenf tran_sactions employing the same master/slave
‘model for flow control.  Similarly, the bus controller14 provides flow
control for conducting the connection management transactions at the
serial bus elements' respective operating speeds. The bus signal co

~“distributors 18 and the bus interfaces 22 respond to the conhection

' management transactions, replying with control/status information as '
appropriate. The bus: controller 14, during operatlon polis 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
'pdlling of the isochronous functions of the interconnected peripherals
16 for data communication transactions. Preferably, the expanded



b
Figure 22 illustrates one enbodi nent of a state machine provi ded to

a bus interface for inplenenting the above descri bed prot ocol s.

WO 96/ 137W© 96/13776 PCT/USY95/14243

PCT/ US95/ 14243 DETAI LED DESCRI PTI ON In the
foll owi ng description for purposes of explanation, speci fic nunbers,
materials and configurations are set forth in order to provi de a

t hor ough under standi ng of the present invention. However, it will be

apparent to one skilled in the art that tR

present invention may be
practiced without the specific details. I’ 5;

ot her instances, well known

systens are shown in diagrapmati c or bl ock dia?ran1forn1in order not
to obscure the PoHingghe i§ alse dynamically adapfed to the serial bus elements

actually present.

Figure 4 illustrate a frame based polling scheduling of the
present invention implemented by some embodiments for conducting
the various transactions employing the mastet/slave model of flow
control. As illustrated, the polling scheduie 30, also referred to a super
frame, comprises of a number of sub-schedules 32, also referred to as
soft frames. An isochronous function 34a or 34b of an interconnected
peripheral 16 is polled as frequent as it is necessary in one or more soft
frames 32 of the super frame 30 to guarantee its latency and
bandwidth. However, an asynchronous function 36a or 36b is polled
only once in one soft frame 32 of the super frame 30 for data
communication transaction. Similarly, an interconnected device 38a or
38b is also polled only once in one soft frame 32 of the super frame 30
for connection management transaction.

Preferably, all isochronous functions 34a ~ 34b are polled
within 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 poliing 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 frame based polling
schedule may be dynamically generated and updated, are described in
the copending application, serial number 08/331,727, entitled Method
And Apparatus For Dynamically Generating And Maintaining Frame



Hi erarchical Serial Bus Assenbly for Serially Interfacing Isochronous
and Asynchronous Peripherals to a SystemUnit of a Conputer System
Ref err iw@ 9697760 Figure 1, a block diagramillustrating agTrusesinamzenpl ary -

conput er systemincorporating the serial bus teachings of t he present
I nvention is shown. Exenplary conputer system 10 conprises system
unit 12 having serial bus controller 14 of the present I nvention, 1
'n bus signal distributors 18 of the present invention, each havi ng
n+l ports 24, and peripherals 16 having bus interfaces 22 of - the
present inventdion. Peripherals 16 are tidupled to bus controller 14 of

systemunit 12 through 1:n bus signal distributors 18 and preferably
cabl es 20. (Beped Folling SchedulesnthasiGuaranty, Laiencissghnd Bindwidthst Tos 18,

bus i nt er f acRBcRAONARIFGHURAS, m\iérpfs”ﬁ&eﬁgrfbﬁv ir@é?)d;}gfél’dgﬁg)rfgﬁgerl%e.{ o

I nt erconnecting bus agents, 1.e. systemuhitl2 an
each ot her. - Cables 20 are preferably | ow cost two
signal wires cables - Figu® .arim&&atés-@ed{:pmbat:addImgﬁagada)esdmy\ever,

cable 20 % cofReBggoflinenid RBREDAARHE Sobb RS EIpF D L0, P
signal s are pddfessigl the serial pusiemests ave fundiionswd busgagentsi Fes 48 .and 50
manner . For ©2@ °£%§%ﬁ“§§?ﬁ§‘"%§5 K gy S Ssadnfly U FIUES, *
1-bit and a 2s uspdsiHoweverothe.ges gopirelienis ig labelad3sklastaalgon ¢
El ectrical steforbd t8r#s HubO. -The bus signal distributors 18a-18b are labeled
-as Hub1 and Hub2. The peripherals 16a--;,136f,,inclugj_in.g their '
corresponding bus interfaces 22a - 22f are jointly labeled as Node0 |
through Node6. The functions of peripherals 16a.- 16f are labeled as
FNO,FN1,etc. - - o

As illustrated, the serial bus elements and functions of the
bus agents are assigned geographical as welf as logical addresses
(GEO ADDR & LOG ADDR) of a geographical and a logical address

“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 ubstream ‘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 aré
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" resbec_ti\')ely, 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:Port3"
respectively, identifying the connecting Hubs 18a and 18b as "Hub1"
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pr ef er abl WOMAR3776sed to signal a nunber of information. Forpdmwsdsan243
description of electrical signalling, see US Patent Application, serial
nunber 08/332,337, entitled Method And Apparatus For Serial Bus
Elenents O An Hierarchical Serial Bus To Electrically Represent Data
And Control States To Each Other, which is hereby fully incorporated by

r ef er ence. Except for_bus controller 14, systemunit
12 is intended to - represent a br oatPcat egory of systemunits of
conput er systens whose constitutions and functions are well known,

and will not bandt"hkibdr’ sespectively, famdithercataecting porsSifraanaecting &dispt f or
bus i nterf aces18d arke185%" Pot2" and "Pokf3 HeSpbOiviiifieTnbquheRsfs Nt 2 broad
cat egory of deﬂd oq 1oebrl Phera,l S, . o A
odel 16b are assigned the LOG ADDRes of "LA1", "LA2" and "LA3",
whereas the function of Node4 16e is assigned the LOG ADDR of
HLAGCI.

Preferably, the GEO ADDRes and the LOG ADDRes are
dynamically assigned at power on or reset, and updated in response to
live detachment of interconnected devices or attachment of additional
devices, by the bus controller 14 in cooperation with the bus signal
distributors 18 and the bus interfaces 22. A particular implementation
of such dynamic connection management is described in the copending
application, serial number 08/332,375, entitled Method And Apparatus
For Dynamically Determining And Managing Connection Topology Of
An Hierarchical Serial Bus Assembly, which is hereby fully incorporated
by reference.

For these embodiments, the GEQ ADDRes are used to
conduct connection management transactions among the serial bus
element, whereas the LOG ADDRes are used to conduct data
communication transactions among the functions of the bus agents The
separation of the two types of transactions into the 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 empioyed 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 also



such as keyboards, nouses, nonitors, speakers, m crophone,
t el ephones, whose constitutions and functions are also well known, and

wi | | nogolbgipbberw se further described either. Bus cont peirh@bs/iadss bUs
signal distributors 18 and bus interfaces 22 will be described in nore
detail below with additional references-to the remaining figures.

Figure 2 illustrates one enmbodi ment of the serial bus - assenbly of
Figure 1 in further detail. For this enbodi nent, serial bus assenbly
26" includes serial bus controller 14, standalone 1 :n bus si gnal
distributor 18a, integrated 1 :n bus sil§nal distributor 18b, and bus

I nterfaces 22a - 22f. The serial bus assenbly 26' interconnects bus

agents t el egholgelfackets enpioyed by bivebds Iignairdistibutars éyandithe bus pen

Tod- 166 and AR 4 8ERbeiedH Atdedticdls FRsREISHY 1aRCREM:

unit 12, thecandraller #dusFattbetmore, atddraszes14h ase @npiayecd as %pnmpﬂate
intercon “eCtt‘BadgﬁﬁwaS tRinsatfin pakidO" A il Bb%@ré&l&b&f that under the

i nt er connect e ﬁ%}gsent I nvention, a
nt. nly a bus )

bus i nt er f acBastex/slavemade! of flow C%R%fgeap'-tse‘?‘?ﬁwpo{ller

signal di strir@néautioneparticip8at mEgyoften be infefred, and thereforedtdaddeisgnal

distributors and/ or one or nore bus |nterfaces e.g. .22a
coupl ed upst'?’@é(rﬁ%%*iﬁ?ed For the pur pose of th| s

Prefe'rably, transaction flow, -such___ as.f_rom bus controller 14
to a function, from a first function to a second function, may be inferred '
from the packet identifiers 44. Preferably, either geographical or logical
addresses 46, i.e. "HubX:PortY" or "LAz", may be specified to
accommodate those embodiments that support connection
management transactions and implement both types of addresses.

A particular implementation of employing such
communication packets to conduct the various transactions will be
described in more detail below. - '

.Figures 8-9 illustrate one embodiment of the bus

controller of the preseht 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 commu_nication-trans_actio_ns betweé_n_the bus
agents. The control state machine and_circuitry"sz operates the
hardware, controlling data communication . transactions and employing
the above described master/slave model of flow control, under the
programming of the bus controller software s_érv_ices 58. For some
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"¢ owar ds We6dE6control | er”. Thus, except for the deperreseigdzase
where the serial bus assenbly 26 has only one connecti ng peri pheral
16, typically it is a bus signal distributor, such as 18a, that is
connected upstreamto the bus controller 14.

Furt hernore, under the present invention, a connecting peri pheral may
be an i sochronous peripheral, such as tel ephone 16a, speakers

16d- 16e, and ni cr ophone 16f, or asynchrond peri pheral s, such as
conpound keyboard 16b and nonitor 16c. The isochronous peri pheral s

may oper ate wi embodimeats, thecbatror sate asadiiing aad Groviips52 further whil e t he

asynchronous peagi HERY r ' rate as

hi gh as 100 kbsng%iE%?h%r, rmr\g,gF%, Jﬁ%%“o@%ﬁ"'ﬂ%‘@%@%@%%@en} _16f may

be a nmul tiple IEASRFIANS dMPRTRRRING theemastar(siaye maget of daw control Wilhpi ng to

a single bus ceanesbassdPlig seednedeMpIcyiRy Jdodraphiealkand logicak- 9. 22b.

Simlarly, alt hgggeh not shown, the sn)(st,em,unl &2 rrag/ .
a ssing, supporting communication packet based transactions,
and/or inference of data and controi states from states of the
propagation electrical signais. |n particular, the control and state
machine circuitry 52 causes the bus controller 14 to cooperate with the
bus signal distributors 18 and the bus interfaces 22, and conduct the
various transactions using the elemental packets and protocols of the

present invention, which will be decribed in more detail below.

The bus controller software services 58 program the
control state machine and circuitry 52 responsive to the operating
system 60 and other software such as device and configuring software
62 and 64 of the system unit 12. In particular, the services include
connection management such as detection of serial bus elements
present, detection of their interconnection topology, detection of the
functions of the interconnected peripherals, and assignment of the
geographical and logical addresses. The services further include
transaction management such as generation and maintenance of the
polling schedule, polling 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. s

For a more detailed descriptions 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, 08/332,727, 08/332,337. It should 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 empioyment of software services.



support nultiple clients. ' Figure 3 illustrates a

mast er/ sl ave nodel of flow control enpl oyed by the present invention
for serwaldey3imt erf aci ng the i nt erconnect ed peri pharcangsosaqdahe system
unit and controlling transaction flow As illustrated, the bus )
controller 14, the signal bus distributors 18, and the bus interfaces
22 cooperate to inplenent the nmaster/sl ave nodel of flow control. The
bus controller 14 serves as the master, and t he signal bus

distributors 18 as well as the bus |nte{§aces 22 behave as sl ave
devices to the-bus controller 14. Under the

mast er/ sl ave nodel, the bus controller 14 - provides flow control for

all data conmuni cation transacti.ons between . . the bus agents at their

respective operating swgdﬁes ﬁbE1bumstmerdrecembodrmenﬁaf fitopgs in data

t t beh
oot pher i o SnaLAi ST o 8% AEnt iNegbhl. The lushied ShBofmenting i
data-only if athéybdsaslgnbbdlstrmmbon&bdvmg domsrol gircuitty (86¢acontrol " pol | ed")

‘to do so by tggesbve e@oet»agé bhs ¥4 P o%k rssbé’é”@ogbr?ﬁégttHé‘Hu% 18

serve strict ranspar ent
signal drstrlbutor 18" upstream to the bus controller 14 or another bus

signal distributor.18. Ports 1-7are used to connect up to a total of 7
bus signal distributors 18 and/or bus rnterfaces 2210 rtself The control
registers 68 are used to store its own control and status rnformatron
such as whether a port 24 has a bus mterface 22 connected to it or not, ‘
and whether the port 24 is turned ON/OFF The control circuitry 66
operates the bus signal drstrrbutor 18'_responsive to instructions from
the bus controller. 14. In particular, the control circuitry 66 causes the
bus signal distributor 18 to cooperate with the bus controller 14, and
conduct the various transactions using the .el_ement_al packets and
protocols of the present.invention'. which will be decribed in more detail
below..

| In embodiments where the low cost two signal wire cables
20 are used to interconnect the senal bus elements and electncal
signals are preferably propagated in a drfferentral manner, each port 24
- comprises two differential amplifiers 70 and 72 for generatrng the
differential signals. Preferably, each port 24 further havrng two resrstors
74 coupled to. ground as shown, pulhng the srgnals on the two wires to
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. -

Fora rnore-,détail_ed de's,crip'tions of the_con_trol circuitry 64
and its.cooperative relationship with th'e bue controller 14, refer to the
incorporated by reference copendrng apphcatlon senai number

. 08/332,375.
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condui t s WS 1dH6a communi cation transactions are conduct edPGE/U$5H4243
bus controller 14 and the bus interfaces 22 on behalf of the bus agents.
Thus, the bus signal distributors 18 never actively participate in data
communi cation transactions, accept data or respond with data.

The bus controller 14 systematically polls the functions of t he

I nt erconnected peripherals 16 through th_e{' _bus interfaces 22 for

data communi cation transactions in accorddhce to a polling schedul e

whi ch guarantees | atencies and bandw dths to the isochrono

S | ( us
functions of the intercofii@dkes)18:13 Jhstrate one embppimeniof theebus
i sochronous f uintérifdtss 6ff thelsrebahEihveni@st Fer S epidiment Ghé dusdat a

ae T T equent _asTHERRE pe thindlided Comtion ARG pamtofe B RRls B A2 R
asynchronous f Huobtintentacef84 aeditwodr E@e26 -8, meRepeive &F1EOLB6 Emdoaigh
their bus integ ﬁ&ﬁFleéZﬁPrRé@i\?% %ﬂ@%iﬁ#@& 76/ P8 rd 1,383 tarﬁage the

po 0 the

schedul ed around the I ng e i sochronous, functt ons of

i nt er connect edreﬁéfWepﬁw sesddata (SWI dalecuBmuBInatian trnsaciABactliféns.
Preferably, theomedlstagssrebruetsss arelusedis atdr iRAWwH e8nirel 4HE status

information such as its assigned geographical address, functions of its
"host" peripheral, and their assigned logical addresses. The control
circuitry 66 operates the bus interface 22 on behalf of the "host"
peripheral and the "host" peripheral's functions, responsive to
authorizations and instructions from the bus controlier 14. In particular,
the control circuitry 80 causes the bus interface 22 to cooperate with the
bus controller 14, and conduct the various transactions using the
elemental packets and protocols of the present invention, which will be
decribed in more detail below.

in embodiments where the low cost two signal wire cables
20 are used to interconnect the serial bus elements, and electrical
signals are preferably propagated in a differential manner, the
connector interface 84 comprises two differential amplifiers 86 and 88
for generating the differential signals. Preferably, the connector
interface 84 further includes two resistors 90 coupled to Vcc as shown,
pulling the signals on the two wires to Vcc complementary to the port
circuitry of a connecting bus signal distributor 18. The appropriate
values of resistors 90 may also be determined empirically depending
‘on individual implementations.

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

muynication Tran ion n ion n n
Transactions



i nt erconnected peripherals 16 actual ly present. In

sone enbodi nents, the bus controller 14, the bus signal distributors
18 andwdws/t3ss | nterfaces 22 further engage in C oM sEgsAadanagenent
transacti ons enpl oying the sanme naster/slave - nodel for flow control.
Simlarly, the bus controller 14 provides flow control for
conducting the connection nmanagenent transactions at the serial bus
el enents' respective operating speeds. The bus signal ~distributors
18 and the bus interfaces 22 respond to the connection managemnent

transactions,~replying with control /st8Pus information as
appropriate. The bus controller 14, during operation, polls the bus
signal distributors 18 and the bus interfaces 22 for such transactions.

Pol 1'i ng.of ‘'t he bus si g,qa{,ingi idlé%r%éd _ﬂmaﬁéggclﬁé%ﬁiapbﬁgfaces 22 for

connecti on managenent transactions are alsSo sC around pol i ng
of the isoclassembly 26nand Hie mannerdisi eledenbaneperate o sepaky interface 16

for data coRRuNésHroRABus aMaSESrichRSnoUY SéepIasthls 16 he texBpa@Atlunit WO

96/ 13776 - : o - L PC&'/ US95/.14243
12 of the exemplary computer system 10, the elemental packets :an
protocols employed under the present invention to conduct the various
transactions will now be described in detail. =

Figure 14a - 14b illustrate one embodiment of the |
elemental packets of the present invention. As shown, the elements ‘
packets include token:packets 502 - 506, handshake packets 508

and data packets 510 - 512.. For embodiments that support - . -

geographical addressing and logical addressing, different- packet

formats are provided for geographically addressed token packets 502

and logically addressed token packets 504 - 506. Furthermore,

separate packet formats are provided for logically addressed host-. .

function token packet 504 and logically addressed function-function

token packet 506. Similarly, different packet formats are provided for
geographically addressed data packets 510 and logically addressed

data packets 512. - = o ' -

Each packet 502 - 512 includes a leading Sync field to

- facilitate receipt of the packet 502 - 512 by a seria} bus element.. Eachd'
packet 502 - 512 further includes a packet identifier field (PID). for
identifying the:pack_et type and the nature of the packet. Each ..
token/data packet 502 - 506 or 510 - 512 further includes at least one
"geographic/logical address .iden'tifying thé.-recipient serial bus element. |

" A geographically addressed data packet 510 further includes an Offset
field identifying a specific storage location of the recipient serial bus
element, whereas a logically addressed data packet 512 further
includes a Source field identifying the source serial bus element. Each
data packet 510 - 512 further includes a data length field and the data
themselves. Lastly, a logically addressed data packet 512 may further
include a CRC check field. '



1 é

4
- 13- polling schedule is also dynam cally adapted to the serial bus
el enent s actual ly present. Figure 4 illustrate
a frame b¥XW/AFENE i ng schedul i ng of the present i nvePCTAIA9S/14243
i npl emrent ed by sone enbodi ments for conducting t he various
transactions enploying the master/slave nodel of flow control. As
illustrated, the polling schedule 30, also referred to a super
frame, conprises of a nunmber of sub-schedules 32, also referred to as
soft frames. An isochronous function 34a gr_34b of an interconnected
peripheral 16 is™polled as frequent as it~ is necessary in one or nore soft
frames 32 of the super frane 30 to guarantee its |atency and
bandw dt h. However, an asynchronous function 36a or 36b is polled

only oncetl n one soft f r Figude ﬁ:lmbﬁ'awenefernwbﬁ:ﬂ@tnft@ﬂﬂ@ cket8
S8b 18 also polia i&ﬁ@hé‘%@ﬁﬁ%@s iPGARREIRE etk BRsEInEY 5 o 50
for connect i on idemiyemonithe illustrated embodiment, each packet identifier EPiE)abl y, al |

ochrono f f er cent age
i soct us f uncdii,@ %fa'tket%@a%ﬁéi@ P?Z'a%% arameﬂé’l"h?fdwpq? I‘Hﬁ?egandwl dtﬁ

Guar ant i o5 ar o SAROOTSR: B St el Sy exempiamial s, 220

accommodat ed vmashogncaltdafxpw@‘t%@l@m,rﬁogcamdcélmata packet (GEOD).
Figures 16a - 16¢c and 17a - 17d illustrate one embodiment of the
packet fields of the packet identifiers and their corresponding meanings.
In one embodiment, PF is also 3 bits wide, identifying exemplary
meanings, such as receive buffer cannot accept data (RCVNACK) for a
handshake packet, enable port N (PENB} for a geographically
addressed token packet, global function reset for a logically addressed
token packet, isochronous block data packet for a logically addressed
function to function token packet, host source packet for a
geographically addressed host to function token packet, assign
geographical address for a geographically addressed data packet, and
perform CRC check for a logically addressed data packet.

Figures 18a - 18c iliustrate one embodiment of
connection nianagement transaction protocols. As shown, for the
illustrated embodiment, connection management transaction protocols
include a non-responsive geographical transfer protocol 518, a )
responsive geographical write transfer protocol 520, and a responsivé
geographical read transter protocol 522. Under the non-responsive _
geographical transfer protocol 518, the bus controller 14 broadcasts a

‘non-responsive geographical token packet. Each interconnected bus

" signal distributor 18 or bus interface 22 decodes the token packet and
provides no response. Under the responsive gecgraphical write
transfer protoco! 520, the bus controlier 14 broadcasts a geographical
token packet having a destination address. Each bus signal distributor
18 or bus interface 22 decodes the token packet. If the addressed bus
signal distributor 18 or bus interface 22 can accept data, it transmits an
acknowledgment handshake packet. The bus controller 12 decodes



insufficient capacity. The upper delimter (M) of Pl is also referred to
as the isochronous watermark. Simlarly, all polling are preferably
perfor meoogm3tisn a second percentage portion (P2) of a secrdeiRsp2 to
ensure reliability of operation. Miultiple soft franes 32 are enpl oyed |f
necessary to accommodate all asynchronous function and serial bus

el enent polling. The upper dellmter (M2) of P2 is also referred to as

the frame waternmark. Vari ous manners i'n which such
frame based polling schedul e may be dynam cally generated and

updat ed, are eescribed in t he c@%ndi ng applicatian, serial nunber
08/ 331, 727, entitled Method .And Apparatus For Dynam cally Generating

And Mai nt ai nfhegadknawdedgment WenAsHakegacket, and sends the data. The

PCT/ US95/ 1A'Zéddressed bus signal distributor 18 or bus interface 22 then a&éepts the
data. Under the responsive geographical read transter protocol 522,
the bus coritroller 1'4-b’roadc'asts_ a geographical token packet having a
destination address: Each bus signal distributor-18-or bus interface 22
decodes the token packet. If the addressed bus signal distributor 18 or
bus interface 22 can send data it transmlts the data The bus controller
12 then accepts the data. - '

- -'Figure'19a - 19k illustrate one embodiment of data |
communication transaction protocols. - As shown, for the illustrated
embodiment, data communication transaction protocols include host-

~ function transfer protocols for sending and accepting data, with or

without CRC checking, 524 - 534, host sending ‘attention - request
protocol 536, and 'functidn-function.-tranSfer proto_c'ols' for sending and
accepting data, with or without CRC checking 538. For example, under
the host-function accept data no CRC:checking protocol 524, the bus
controller 14 broadcasts a logically addressed token p'acket-having a
destination address. Each function decodes the token packet. If the
function can accept data, it transmits-an acknowledgment handshake
packet. The bus controller 12 decodes the acknowledgment
handshake packet, and sends the data. The function then accepts the
data. As a further éxample, tinder the host sendmg attention'request
protocol 536; the bus controller 14 broadcasts a logically addressed
token packet having a destination’ address. ‘Each function decodes the |

" token packet. The function then transmits:a NULL or ATTN handshake

‘packet. The bus controlier 12 decodes the NULL or ATTN handshake

" packet. As yet another example, under the host-function accept data no
CRC checking protocol 538, the.bus controlier 14 broadcasts a
logically addressed token packet having a source and a destination

" address. Each function decodes the token packet. The source function
waits for an acknowledgment haridshake packet, whereas if the

~ destionation function can’accept data, it transmits an acknowledgment

" handshake packet to the source function. The source function decodes



7

Based Pol | ing Schedul es That Guaranty Latenci es And Bandw dths To

| sochronous Functions, which is hereby fully incorporated by reference.
Fi gure S5WOPaIsXI?@t es geographi cal and | ogi cal addressing PCT/US9S/142h%

present invention inplenmented by some enbodi mnents for addressing the
serial bus elenents and functions of bus agents. For ease of
expl anation, the sane exenplary serial bus assenbly of Figure 2 1s

used. However, the bus controller 14 is | abeled as Host, also
referred to as HubO. The bus signal distrjbutors 18a-18b are | abel ed
as Hubl and Hub2. The peripherals 16a - 1 including their
correspondi ng bus interfaces 22a - 22f are jointly | abel ed as NodeO

t hrough Node6. thehacknavdedgmenbhapdshaiecpacksetisad seads dpe datbellbe as
FNO, FNL, et C. destination function then acééptsthe'dafaat €d, the serial bus el ements

and functions of the bus agents are assigned geographical as well as
| ogi cal addresses (GEO ADDR & LOG ADDR) of a geographical and a
| ogi cal address s pFRigureM20 éllsgieate s ionel émbotimeiubisa Baté8a - 18b and

the Nodes - machine 608 prdl el 3 GRRIZRID 1ob1pioRehifo tHe°) 0" ©
j[ ﬂenaE tO y as abovewdpbcriked peotapelsy e&m@macm?e 600 qaupprisss t&n Stﬁtt%j_l r gd from
e 620 andlien O.?,?\n%}} afifte 1ra¥1§hron%§‘%lb§eorfé1f€?€% EQg Hub as

wel | as onnect i ng e. connect1 ng Hub ma i nferred
fromihe GEO EVB7).ABbROWSTPABesEb £V T hate HaghBe AR ANIAR e e L oG
ADDRes ar e stat@§0208Ad stayd heidleistite 802, et |6hg abaflefe ikbao- 16f in a

chronol ogi cal transaction to be conducted among bus controller 14, bus signal
distributor 18, and bus interfaces 22 (including the functions
interfaced), and it is not time to poll the next bus signal distributor 18,
bus interface 22 or function {(EV2).

On the other hand, if it is time to poll, and there is at least
one transaction to be performed (EV3, EV12 or EV19), state machine
600 enters either the state of authorizing a transaction from the bus
controller 14 to a function, state 604, or authorizing a transaction from a
function to bus controller 14, state 610, or authorizing a transaction
between two functions, state 616, depending on the nature of the
transaction to be performed.

While in state 604, state machine 600 authorizes a )
function to receive data from bus controller 14. State machine 600 then
either stays in the state if a reply with respect to the readiness of the _
function to accept data has not been received, and time for receiving the

"reply has not expired (EV4), or returns to idle state 602 if the functioo

" replies that it cannot accept data, or time for receiving reply has expired
(EV5), or enters the state of sending control/status or data 6086, if the
function replies to the effect that it is ready to accept data (EV6).

While in state 606, state machine 600 sends data to the
destination function. State machine 600 then either stays in the state if
indication denoting whether CRC checking is to be performed has not



manner .

application,

For exanples, in the illustrated exenplary
Hubl and Hub2 18a and 18b are assigned the GEO ADDRes

of wo 9613kl Port 0" and "Hub2: Port0" respectively, |dpm-m’ggg,ﬂg43t he Hubs
and 18b as "Hubl" and "Hub2" respectively, and in each case,

18a
upstream po
assigned th
respectivel
WO 96/ 13776
PCT/ US95/ 14
and " Hub2"
18a and 18b mee

rt being "PortO'. Nodel and Node4 22b and 22e are
e GEO ADDRes of "Hubl :Port2" and "Hub2 :Port3"

y, identifying the connecting Hubs 18a and 18b as "Hubl"

243 ' -24-

respect i vely, and t he connect i ng ports of connect i ng Hubs

Ben 5’@th¥ eﬁfuihd taetigr ouma@ theellnmcaTbﬂ Haigvesti expired

Nodel 16b ar(% preeiurns to hPGs{A‘ PD§6§ |P mdncatlon derhﬁ%g W%RéAB

checkmg has been output, or time for outputting the |nd|cat|on has
expired (EV8), or enters the state of waiting. for CRC acknowledgment
608 if indication denotmg CRC has been output. . S

~While in state 608, state machine 600 waits for the CRC
checking results. State machine 600 either stays in the state if the
destination function has not replied with either CRC pass or failed, and
time for reply has not expired (EV10), or returns to idle state-602 if the
destination function has replied with either CRC pass or CRC failed, or
time for reply has expired (EV11). '

While in state 610, state machine 600 authorizes a source
function to send data to-bus-contrdller 14. State machine 600 then
gither stays in the state if the source function has provided neither data
or a null, and time for providin‘g-data/null has not expired (EV13), or
returns to idle state 602 if the sotirce function has proVided a null, or
time for prbviding‘ data or a null has expired (EV14), or enters the state
of receiving-control/statuls or data 612, if the source function has.
provided a data packet (EV15).

While in state 612, state machine 600 completes the
transactlon State machine 600 then either stays in the state if source'
function has output an indication on whether CRC checking is .
necessary or not, and time for outputting the indication has not expired
(EV18), or returns to idle state 602 if the-source function has output an

" indication of no CRC checkmg, or time for outputting the indication has
- expired (EV18), or-enters the state of i issuing CRC acknowledgment

614 if the source function has outputting an indication of CRC checking
(EV17).

While in state 614, state machine 600 issues the CRC
acknowledgment and then returns to idle state 602.

-15-
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whereas the function of Node4 16e is assigned the LOG ADDR of

"LAG". Preferably, the GEO ADDRes and the LOG
ADDRes arW0 96/13776 dynami cal | y assigned at power orPQI/USSSH4243 and
updated in response to | ive detachnent of interconnected
devices or attachnment of additional devi ces, by the bus

controller 14 in cooperation with the bus signal

distributors 18 and the bus interfaces 22. A particular inplenmentation
of such dynam c connecti on nanagenent is ggscri bed in the copending
application, serial nunber 08/332, 375, enfYtled Method And Apparatus
For Dynam cal ly Determ ni ng And Managi ng Connecti on Topol ogy O

An Hi erarchical Serial Bus Assenbly, which is hereby fully incorporated

by reference. . While in state 616, state rh8EhinBEETD QUHHZE8MH Soufdee CGEO
ADDRes are use

t Q. copduct connectiQn. nanagene
transactions aﬂlﬂ‘ffg"’{‘h@ N datagiesa desfination function. t@fﬁama,cg‘\‘/ﬂ?eaégéh?%e LOG
ADDRes ar e useeither stayducthelatate if the destination functiomnhas pat respondedsact i ons
anong the functjans« geni " S At of the
Wihs ?ﬁln Egc?eﬁtbsat? &f' c%nﬁggsgcr;%ﬁtedaat‘% ' response; SR3Y%ifd

two types of transactions i'nto the two )
spaces facil it 8revidigdhedsesponss has morgxaijedéhY 20}, arHetwasitalidigate

el enments, W thgak ihévd BBstiratiodt ©incHEA r§§;§d’r‘id‘é%§w}tﬁ "E:Bﬁnét%t%épﬁ%té"f ot he bus
agents. I 1lustrates {he, essential

. ) F 6
el ements of  limetorespond h%mqg%@\(éﬁ%?rsgg[g@rg the state WARRR AT 9313ent i on

i npl ement ed by 648(r¥ the destination function responded with "can accept data"
(EV21).

While in state 618, state machine 600 waits for data
transfer from the source function to the destination function to complete.
State machine 600 then either stays in the state if indication for CRC or
no CRC checking has not been output by the source function, and time
for outputting such indication has not expired (EV23), or returns to idle
state 602 if indication for no CRC checking has been output, or time for
outputting the indication has expired (EV25), or enters the state of
issuing CRC acknowledgment 620 if indication for CRC checking has
been output by the source function (EV24).

While in state 620, state machine 600 monitors for
issuance of a CRC acknowledgment by the destination function. State
machine 600 stays in the state if the destination function has not output
either CRC pass or CRC failed, and time for outputting CRC pass/failed
has not expired (EV28), or returns to idle state 602 if the destination

“function has output either CRC pass or failed (EV27).

Figure 21 illustrates one embodiment of a state machine
630 provided to a bus signal distributor 18 for implementing the above
described protocois. State machine 630 comprises four states 632 -
638 and six state transitional rules or events (EV1 - EV6). At power on
or reset (EV1), state machine 630 enters idle state 632. State machine
630 either stays in idle state 632 if bus signal distributor 18 is not



enbodi nents for conducting the various transactions enploying the
mast er/ slave nodel of flow control. For these enbodi nents, packet

i dent i f'wewe13d6 are enployed to differentiate control paclperasbenaysiat a
packets. Control packets are packets enployed by the bus controller 14
to authorize or instruct the bus signal distributors 18 and the bus

I nterfaces 22 to engage in transactions. Control packets nay al so WO
96/ 13776 '
PCT/ US95/ 14243 - 16-

i ncl ude packets enployed by the bus sig@fal distributors 18 and the bus
interfaces 22 to acknow edge aut horizations or instructions fromthe bus

control | er laddessetdgeogmphicilly$s¥?).4Othenvisapstaye tharhirep fBOmIthere
to identify phgd I‘?’é‘?éﬁ 'o?@eﬁ&pbocfo%trdﬁ%t 4 sthe ro?%?%‘f'&etd?at under the

mast er/ sl ave rmde ow -con the bus cont 'Ier
transaction pendingireaeivenasknonledament.tate 636, lélbﬂstm@fdﬁ'@bui@' Hidress

is addressed (ge°graphlca"y) depending on the reason it is addressed
(geographucally) o ,

' State machine 630 enters state 634-if it receives a
query/configuration verify request (EV3). While in state 634, bus signal
distributor 18 replies with the requested information, and then.returns to
idle state 632. State machine 630 enters state 636 if it receives an | '
instruction from bus controller 14 to receive control/status (EV4). While

_in state 634, bus signal distributor 18 replies with an acknowledgment,
and then enters the state of receiving control/status; state 638. While in
state 634, state machine 603 either remains in the state if it has not
received the control/status from bus controlier.14, and time to receive
the control/status has not éxpired (EV5), or returns to idle state 632 if
the control/status has been received or the time to receive has expired
(EVe).

Figure 22 illustrates one embodiment of a state machine
640 provided to a bus interface 22 for implementing the above
described protocols. State machine 640 comprises nine states 642 -
658 and fifteen state transitional rules or events (EV1 - EV15). At power
on or reset (EV1), state-machine 640 enters idle state 642. - State
machine 640 either stays in idle state 642 if bus interface 22 is not o
~ addressed (logically)-for transactions or addressed (logically) but no - '
‘response is required:(EV2). - Otherwise, state machine 640 either enters
* the state of sending control/status or data, state 644, or the state of
“sending nuIl/atte‘ntioh,-‘ state 646, or the state of sending "cannot accept
data", state 648, ‘or the state of sending "can accept data”, state 650, or
the state of waiting for a "can accept data" reply, state 658, if bus
interface 22 is addressed (logically), depending on the reason it is
-addressed (logically). ' '



may be omtted. Preferably, transaction flow, such as

frombus controller 14 to a function, froma first function to a
second fuMQ477nay be inferred fromthe packet i deREFAUSEY 243,
Preferably, either geographical or |ogical addresses 46, i.e.
"HubX: PortY" or "LAz', may be specified to accomodat e t hose
enbodi nents that support connection managenent transactions and

i npl ement both types of addresses. - A particul ar

i mpl enent ati on of enpl oyi ng such c ni cati on packets to conduct
the various tramsactions wll be dg?’;ji bed in nore detail bel ow

Figures 8-9 illustrate one enbodi nent. of the bus ...controller of the
present invention. |In thiZatBHaNR 640 epters state 644 if #4fadsressedia

i ncl udes aSZonqnogicaly?]gm arrivtion tgrtvl;)hs:émmiterm&ﬁansafcﬁon, apdrtheol / stat us
registers , [ S, S, .cont twar ervices
58. The contr o%ﬁ??%%%g Tﬁgé}'&%sr 25591 %rtégr@éﬁ?‘ég%i't W@Ee[ Wegtate 644, 9@ | ous
control and st étesfada?R sends theargguesied bentseifstatizslnrsdatacardtisen returns
present, L hel 1 1§ RIBTRRNGE | FalcRRIANE 640 LridfachibRNBagl  Ieatardsun
|nterconnectedﬁ&er| pheral s, the geographical addresses assigned to the

serial bus el ef@ngdundtios togyis apniseliaretd krangactiaihand tbe @fardssst i ons of

t he i nt er connegiifsliopeisi il esady to frafsimt @V White #P stite 648 Bus Interater
t he data of the,data, co

agents. The cof@r¥indy g?@?p‘é{c’eﬁ\tﬁhgn@h ?%Sw%g@‘??lpff?t@%%\é\gﬁa‘éi %gte?ﬁéz.

State machine 640 enters state 648 if it is addressed for a
bus controller 14 to function transaction and the addressed function
cannot accept data (EV5). While in state 648, bus interface 22 sends a
"cannot accept data” reply, and then returns to idle state 642. State
machine 640 enters state 650 if it is addressed for a bus controlier 14
to function transaction and the addressed funetion "can accept data”
(EV6). While in state 650, bus interface 22 sends a "can accept data”
reply, and then enters the state of receiving data, state 652.

While at state 652, state machine 640 receives data.

State machine 640 either remains in the state it bus controller 14 has
not output an indication for CRC or no CRC checking, and time for
outputting the indication has not expired (EV7), or returns to idle state
642 if all data has been received, or time for receiving data has expired
(EV8), or enters the state of sending CRC pass, state 654, if CRC pass
is to be replied, and time to reply has not expired (EV9), or enters the _
state of sending CRC failed, state 656, if CRC failed is to be replied, and
“time to reply has not expired (EV10).

State machine 640 enters state 658 if bus interface 22 is
addressed {logically) as a source for a function to function transaction
(EV11). While in state 658, state machine 640 remains in the state if no
"can accept data” or “cannot accept date" has been received, and time
for receiving the reply has not expired (EV12), or simply returns the idle
state 642 if either the destination function replied with “cannot accept



hardware, controlling data comunication transactions and enpl oyi ng

t he above descri bed naster/slave nodel of flow control, under the
progr atMPA1HF6 t he bus controller software services 58. PCT/USOSIBI243
96/ 13776 L . _

PCT/ US95/ 14243 P -17-
enbodi ments, the control state machi-ne and circuitry 52 further
operates the hardware, controlli-ng connecti on managenent .
transactions, inplenenting the maste—r/? ve nodel of flow control with
frame based pelling schedul e, enpl oyi ni %eographi cal and | ogi cal

addr essi ng, supporting comuni cation packet based transactions,

and/ or i nf er édée Yrlimader meeiiemthereply has oxpirech(EVaBhsorortume to
propagati on iele6taté 642 StdiNdirtind Aul@kiehfioh ditst it Hfe 88SiHRlorPRfcRbAL ©

s 'si gnal | cleBPHTfL SR oase GetR widhe sourdeLEcton iS BRETeEHAGot the
_ - - transmit, and time for sending data has not expired (EV.14), or returns to
idle state 642 after sending control/status or da_ta first if the destination
function replied with “can accept data", the,soUrqe function is ready to
transmit, and time for sending the reply has not expired (EV15).

Thus, a method and apparatus for exchanging data, status
and commands be‘tw.een serial bus elements of én h‘iéra'rchy serial bus
assembly using communication packets has been described. For
additional information about the method and apparatus. of the presént
invention, refer to the enclosed Appendices. .

While the present invention has been described in terms
.of the above embodiments, those skilled in the art will recbgnize 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 scdp__.e of the appended claims. The
“description is thus to be regarded as illustrative instead of limiting on
the present invention.:. '

WO



vari ous transactions usi ng the el enmental packets and protocols of the

present invention, which will be decribed in nore detail bel ow

The bus OWOWSBIMIEr software services 58 programthe REIS96/14248 at e
machine and circuitry 52 responsiv . system 60 and
other software such as device and dprHigsHERDHaS O & 62 and 64 of

the s mnwmm"”ﬂﬂ"cl particul ar, |t he s@EALACEDI ncl ugde connection
mana ection of serTar—bosS ereretrs—- present,

detection of tfeif ihterconnection t opol ﬁ% detection of the

functions of the interconnected periphera and assi gnnent of the

geogr aphi cal and Io:ucal addresses. The services further include
transaction maQafdMmt such as generation and mai ntenance of the

pol I'i ng schedul e, poIIing of the serial bus elements and functions of the

bus agents, ac V\Aed t .of certain responses of the serial bus
el ements and f '%ﬁ diifie bus agents, and exchange of data with
functions of the bus agents For a nore detailed

descr 1 on o, 0 ks SO bt er compr PP AIP AR
copendi ng appl Rodtianssittingrtoken macketssof at least al BQEGCWQBCWQQQ t927,
08/ 332,337 11 oRBY#HoRPDHS SRl 'E!?étm%thl%rs and oner AR baS iMeribess! i ons Lo

t he hardware and software serv]ces [R er 14 is
i npl enent at i on€aeh&hdeedusTReriace §@ﬂ'n9 mﬁgqspgdn@agenphera 8¥Nng NG PEed
Wi th any nunbemdre fahtwess, ifonseridlgnguthgrizingnmanagement and dathar dwar e usage

to mnimal enpkr%sa&rons w%RfsteY@crtgd dhe¥'dt e bus signal distributor(s), the bus

interface(s) and the function(s},

the bus controller, the one or more bus signal distributors and the
one or more bus interfaces being coupled to each other in an
hierarchical tree like manner, with each bus interface directly coupled to
a bus signal distributor, and each bus signal distributor coupled another
bus signal distributor, except for one of the one or more bus signal
distributors, which is directly coupled to the bus controller,

each token packet having identification information identifying
whether the token packet is of the first or the second type,

each token packet of the first type being used to authorize either
one of the one or more bus signal distributors or one of the one or more
bus interfaces to conduct a management transaction with the bus
controlier, each token packet of the first type further having an address _
of a first type that identifies the authorized bus signal '
distributor/interface, each address of the first type being paritioned
having a first portion identifying a bus signal distributor, and a second
‘portion identifying either the identified bus signal distributor or a bus._

" interface coupled to the identified bus signal distributor,

each token packet of the second type being used to authorize a
function to conduct a data transaction with the bus controller, each token
packet of the second type further having an address of a second type
that identifies the authorized function, each address of the second type
being unpartitioned.

i
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Fi gur esWiK®96I1B77d | ustr at e one enbodi nent of bus PCT/US9BI14243
d| strl butor of the pr esent ;;-v-—-;;; 2} --_-_;-; Sfirat ed enbodi nent is

Q)

------- Rt ri but or |
T ggq&ﬁBAsa%rE&Ns
gnal nﬁp&ACEButor

icircuitry 66, control

ports 244 ‘ Heed t'o_con
8' upstre&mto the bus’ C‘O“t"ol Fer. ullmmmmwmlu)lm
8. Ports 1 - 7 are used to connect up to a trotal o
bus si gnal distributors 18 and/or bus i-BPerfaces 22 to itself. The control
registers 68 are used to store its own control and status information

such as whet er a (pemt) The bas cantrokieri ag setffacta ia Clawnneathedeindhetbusr not
and whet her tcagtrdQéf f e'r%o%r[)&@ I@é’/f%Fse;ergy 89&%5&6&%} 'd%té’hé{:l\’et@%f

operates the b#gs S|gen dj stri Lons fr
rst type with the authorized bus signa dlstnbutors/mterfaces and data

packets of a second type with the authorized functlons
| each data packet having identification mformatlon |dent|fy|ng
whether the data packet is of the first orthe second type, . i
each data packet of the first-type further havmg an address of the
first type identifying the authorized bus sng_na_l__dustcn_butor/unterf_ac_e and
- each data packet of the second-type-fu.n.henf having an address of
the second type identifying the authorized function.

=

[Vs)

3. (New) The bus controller as set forth in Claim 1, wherein the bus
controller further comprises logic for serially: formulatmg and transmitting
token packets of a third type to the functions for. senally authorizing data
transactions to be conducted between selected twos of the functions,
-each token packet of the third type.,also_ha\\ﬁ_/i,nfg identification

information identifying the token packet as of 1he third type,

each token packet of the third type further having two addresses
of the second type ldentlfymg two functlons as the authorized functions
of the data transaction.

4, (New) The bus controlier as set forth in. Claim 3' wherein the bus
controller further comprises logic for senally exchangmg data packets of
a first type with the authorized bus s;gnal dlstnbutorsllnterfaces and data
packets of a second type with the authorized functlons

each data packet having identification information ldentlfylng -

" whether the data packet is of the first or the second type '

each data packet of the first type further havmg an address of the
first type identifying the authorized bus signal dlstnbutor/mterface and

each data packet of the second type further having at least one
address of the second type identifying at least one functlon as the
authorized function.
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;
the bus controller 14. In particular, the control circuitry 66 causes the
bus signal distributor 18 to cooperate with the bus controller 14, and
conduct wWim96i1ariéous transacti ons usi ck RGITHSN$/14243

protocol s.of the pr resent | i nvention, \WahghsMétt e esr fibed in nore detail
bel ow. 7 In enb di menggpAcE® t he Bow cost two signal

\ériregt(r:?g!afasmmmmnﬂﬁ“ﬂ gum:dpﬁ gflerabl y propagated in Zl dit)rfse(raleﬁpfglts’ and

nner, each' pdrt t24% s "« conprises t differential amplifiers 70 and 72
for generating the differential st bnal S. Preferably, each port 24
further having two resistors 74 coupled to ground as_shown, pulling
t he signal s oi.the (New)vh bas signat dlstnbu‘glfmwmpl’@m@? Qgig fon senidllyg the absence

or presence of, é’eigmgr{‘éﬁéﬁ%aekéts of at leadt'd fist ang a2é’eédhdl9pé'fﬁﬁﬁf81blh% e. The

appropriate va resi’s Ned emiricall _
dependi ng on icAAIG/ieRand forwardnngrgw%m\éﬁ%n pac?(e%‘s 0 2610 S Moré ©2 ﬁor a

gggge(rjgi ?l/lee? gﬂlz?tlché%ﬁﬁilmsm d{s?}r@%tgr%omp!eﬂ toithe biusrsigital distributoraanti/ot s
oo por at e 5910 & S infetear i e, fls Snel Flstiondy Ston of
08/ 332, 375. the bus interfaces being disposed in a penpheral having one or more
functions, for serially facilitating authorization by the bus controller of
management and data transactions between the bus controller and
selected ones of the bus signal distributor(s), the bus interface(s) and
the function(s),
each bus interface being directly coupled to a bus signal
distributor, which in turn is coupled upstream to either another bus
signal distributor or the bus controller,
each token packet having identification information identifying
whether the token packet is of the first or the second type,
each token packet of the first type being used to authorize either
one of the bus signal distributors or one of the one or more bus
interfaces to conduct a management transaction with the bus controller,
each token packet of the first type further having an address of a first |
type that identifies the authorized bus signal distributor/intertace, each
address of the first type being partitioned having a first portion
' identifying a bus signal distributor, and a second portion identifying
either the identified bus signal distributor or a bus interface coupled to
the identified bus signal distributor, '
each token packet of the second type being used to authorize a_
function to conduct a data transaction with the bus controller, each token
packet of the second type further having an address of a second type.
"that identifies the authorized function, each address of the second type
being unpartitioned.

{

6. (New) The bus signal distributor as set forth in Claim 5, wherein
the bus signal distributor further comprises logic for serially exchanging
data packets of a first type with the bus controller, and tacilitating
exchanges of data packets of the first type between the bus controller
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Fi gur esw@d derib37é | | ustrate one enbodi ment of the bus pCuSsdraseHs of the
present invention. For ‘t hi.s enbodi ment, ‘the bus i nterface 22
conpr.ises_con reuitry 80 control/stat us registers 82 a —Hub
ﬁ‘éf RERTIhABEEN FIFGCs 76 - 78, -a Receive FIFO 76 and a ~Send FIFO
eﬁli‘py@c@@d Senff FIFOs 76 - 78 are used to stagenmm“mll““ﬂll! Mt/e and
r—=efata—¢onmuni cati on transacti ons. The ’
regi sters 68 are used to store its owr3@ntrol and st’at (s |nformat|on
such as its. assigned geographical address, functions of its "host "

“peripheral , a@ndlotHeeidutaGzetnbds sipgiat alistAgutorserfadds: asonbll ek data

per | pher 4 G%ﬁl&?tsé%?%@s?%nﬁ;ln%ﬁtsfval@iﬁt%ﬁe?%ﬁ@oﬁ%@%@n@t&ﬂt@%
aut hor i zat i dosctons, i nstruct i ons fromthe bus :controller -I'n particular,

(Lhe control circubddtyqfith BaLRRAviIG Riehuiniehtidd ﬁﬁSrrﬁ&tnér@:d“é?ﬁm gle wth the

bus control l er 14, ari ous transactl ons usi ng

el ement al R%tlhﬂéﬂﬁldﬁlao@mtés ot tWHSbP%Q'@IﬁGQWéMP?on whl ch will be
decri bed i n nor e gedtpdatadeacket of the first type further-having an address of the

first type identifying the authorized bus: signal dlstnbutor/mterface and
each data packet of the second type further having an address of
the second type identifying the authorized function:.

7. (New) The bus signal distributor as set forth in Claim 5; wherein
the bus signal distributor f-urth'er'-comprises= logic for serially - receiving
and forwarding token paCkets of a third type to the functions-for serially
facilitating authonzatlon by the bus controller for data transactions
between the authorized functions, ¥ SN Lo

each token packet of the third type also havmg ldentmcatlon
information identifying the token packet as of the third type.

each token packet of the third type: further having two addresses
of the second type identifying two authorized. functions.

8. -(New)"l‘he- bus signal distributor as set forth.in Claim 7, wherein
the bus signal distributor further compri'ses-lo'gic__-f_or serially exchanging
data packets of a first. type with the bus controller, and-facilitating 5
exchanges of data packets of the first type between the bus controller - '
and other authorized bus signal distributors/interfaces, as well as data
- packets of a second type between the:bus controller and the authonzed'
‘functions or between authorized functions, - . C
each data packet having ldentlflcatlon mformatlon identifying
whether the data packet is of the first or the second type,
- each data packet of the first type further having an address of the
first type identifying the bus S|gnal distributor or an authorized bus .
intertace, and ' . L :
each data packet of the second type turther havnng at least one
" address of the second type identifying at least. one. authorized function.

LT,
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I n enbodi nents where the | ow cost two signal wire cables 20 are used
to interconnect the serial bus elenents, and el ectrical signals are

pr ef er abl YOIP@FHGat ed in a differentialmmnner _the CREFHERN5G 4243

interface 84 conprises two different |ﬂlﬂsagmﬁgﬁm,§§§ 8@ land 88 for
generating the differential signalsj Pref pgp@AQ/EDtEe clonnect or

i nterface 84 further includes two résistos to-Vec as--shown,_
pulling the signals on the two wires to Vcc conp Iementaﬁ to the port

circuitry of a connecting bus signal di stégbut or 18. T ﬂu muﬂ!i”“m

val ues of resistors 90 may al so be deter ed enpiri cal
on i ndividual inplenentations. For a nore detail éd
description of the bus interface 22, refer to the incorporated by

reference copegdi ng (Hppl)iA bub dmierfaserdomprising lodiofdeseridlfy/ @88ivivg token
08/331, 727, 08, géﬁeéegf at least a first anBH SeSEHEYPGRh HbdS égﬁﬁﬁlésrgg?cﬁmd

Connecti on I\/angg rons
WD 96/ 13776 of the bus interfaces being disposed in a peripheral having one or more

PCT/ US95/ 14243 nctions, for serially facilitating authorization by the bus controlier of
management and data transactions between the bus controller and
selected ones of the bus interface(s) and the function(s),

each bus interface being directly coupled to a bus signal
distributor, which in turn is coupled upstream to either another bus
signal distributor or the bus controller,

each token packet having identification information identifying
whether the token packet is of the first or the second type,

each token packet of the first type being used to authorize either
the bus signal distributor or the bus interface to conduct a management
transaction with the bus controller, each token packet of the first type
further having an address of a first type that identifies the authorized bus
signal distributor/interface, each address of the first type being
partitioned having a first portion identifying the bus signal distributor,
and a second portion identifying either the identified bus signal
distributor or the bus interface,

each token packet of the second type being used to authorize a
function to conduct a data transaction with the bus controtier, each token
packet of the second type further having an address of a second type y
that identifies the authorized function, each address of the second typé
being unpartitioned.

-

"10.  {New) The bus interface as set forth in Claim 9, wherein the bus
" signal distributor further comprises logic for serially exchanging data
packets of a first type with the bus controller, or facilitating exchanges of
data packets of a second type between the bus controller and the
authorized functions,
each data packet having identification information identifying
whether the data packet is of the first or the second type,

i




. - 20- Havi ng now described the hierarchical serial bus °
assenbly 26 and the manner its el enent cooperate to serially interface
the i swdeeseres and asynchronous. peripherals 16 to the syet/esosnabds
12 of the exenplary conputer system 10, the .el enental packets and

of g, under t he present - i'nvention

cmg ow be .described in detail. F| gure
alie one enbodi ment of the mamwﬂ' UIIHH! ts of the
_ e —'As shown, the elenents ' t oken
packets 502 --506, handshake packets 564- and data packets 510 - 512.
For enbodi nents that support geogr aphi cal addressi ng and | ogi cal

addr essi ng, di ff eeacit dgtacpatket of the fifs typet furthiee haviogi afedd@@ssgdbe aphi cal | y

addr essed © ofinRBoKBHF MPihe bus SR alHBABY oAU shped { oken packets

504 - 506. s are provided for
| ogi cal |y addr ess@@Fm@ata packet Of ﬂ"lQJﬁeW typekiurthpabréNgsYaddw@ss i cal | y

addr essed thhétseé%nHLt%éh@éhtltylng thelRURErRRCKMCiORS. - Sim larly, different
packet formats are provided ~ geogr aph| caI | y addr essed data

packets 510 and | ogical ly addressed
' 11."  (New) The bus interface as set forth in Cla:m 9, whereln the bus

interface further comprises logic for serially receiving token packets ofa
third type for serially facilitating authorization. by the bus controller for
data transactions between the authonzed functlons G :
each token packet of the third type also: h_a_vmg identification - ‘
information identifying the token packet as of -the'.third"type, :
each token packet of the third type further having two addresses
of the second type identifying two authoriz_ed' fUn'_ctions.

12 (New) The bus interface as set forth in Claim 11, wherein the bus_ -
interface further comprises logic for serially exchangmg data packets of
a first type with-the bus controller, or facilitating exchanges of data
‘packets of a second type between the bus controller. and authorized |
functions, and between authorized functions, VA

each data packet having identification information ldentlfymg
whether the data packKet is of the first or the second type,

" each data. packet of the first type further ha\_/lng an address of the
first type identifying the bus interface, and- - | )

each data packet of the second type turther havmg at least one
address of the second type identifying at least one authonzed function.

"13.  (New) In a computer system having a bus controlier, at least one
" bus signal distributor, and at least one peripheral, wherein each
peripheral has a bus intetface and at least one function, each bus.
interface being coupled 1o a bus signal distributor, and each bus signal
distributor being coupled to another bus signal distributor, except for
one of the at least one bus signal distributor which is coupled to the bus
controller, a method for operating the computer system, the method
comprising the steps of:
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dat a packets 512. ) Each packet 502 - 512 includes a
| eading Sync field to facilitate .receipt of the packet 502- 512 by a

serial bUO¥O&HEHEht . Each pack gi=582-—-532-fucthear | FARY¥4Packet
identifier field (PID for | dgnTHiBySHEET S paeket type and the

nat ur € of "t he packet. Each t oken/ daRaPpapkRt 502 - 506 or 510 - 512
furtheryp I t ong address identifying
t he recl;lﬁnﬂmgwmll “mg el enent . A geographi cally addressed data
packet urtt her $#nctudes an O fset field identifying a specific
storage |l ocation of the recipient serial %ﬁs el enent, whereas a

| ogi cal |y addressed data packet 512 further L n%I uﬂ{as a_Source field
i dentifying the soufd@UtRGNZING ByDaBREREIRN! tregsaction with ejiher a,Bug signg o -
512 further inglsiftasorofatisud iendartded isihg satoutehlpacilet of a first typé berikel ves.
o L%écﬁ :c o Sls lc\én?r%ﬂrg%sc%%iqg&%%nB%cégga Pt dbn Witk BSlnction usingg! ude @
PCT/ US95/ 14243token packet of a second type by the bus controller, the token packet

having identification information identifying whether the token packet is

of the first type or the second type, and the token packet further having

an address of a first type if the token packet is of the first type or an

address of a second type if the token packet is of the second type,

wherein if the address is of the first type, the address is a partitioned

address having a first portion identifying a bus signal distributor, and a

second portion identifying either the identified bus signal distributor or a

bus interface coupled to the identified bus signal distributor, and if the

address is of the second type, the address is an unpartitioned address

identifying a function; '

b} receiving the token packet by the at least one bus signal
distributor and the at least one bus interface in a substantially serial
manner in accordance to the manner they are coupled to each other,
with each of the at least one receiving signal distributor forwarding the
token packet to each of the other bus signal distributor/interface coupied
to the receiving bus signal distributor; and

c) notifying one of the at least one function by one of the at least
one receiving bus interface if the token packet is of the second type, the
notified function being the addressee of the token packet of the second
type and a function of the notifying bus interface's peripheral. '

14.  (New) The computer system as set forth in claim 13, wherein the
“method further comprises the steps of: -

d) transmitting either a data packet of a first type to an authorized
bus signal distributorfinterface or a data packet of a second type to an
authorized function by the bus controller, the data packet having
identification information identifying whether the data packet is of the
first or the second type, the data packet further having an address of the
first type if the data packet is of the first type, or an address of the
second type if the data packet is of the second type;
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-21 - ' Figure 15 illustrates one enbodi ment of the
packet i dentifiers of the elenental packets includi n:% t he packet
types t‘NQ)?6/13776 identify. For the illustrated embodi nen®CIAEH1434t ket
ident i fier (R=B) i ncludes a packet ‘type field (PT) and a paraneter
\ enbodirrent ‘PT is 3 bits wide, identifying
Qggk”ét s, such . .as |logical data—packet—(tOGED);

ge! G packet (CECD). Fi gures 16

| 1¥=STT at e one enbodi nent of the cket fiel M‘Iﬁﬁm ’;ﬂg

identifiers ard their corresponding rreani ngs. I*ITEI‘]t PF

. is also 3 bits wid I denti f exe ar nmean S ch as receive
“buffer cannot acc@Sf eGfAYIRg (t?é,\?%%ﬁ?cgr t¥te at lea h'aig i%@!ket enabl e

port N ( PENBYistritbuter gadgharaJmle:azdtloyie bus intam&eem@dubsﬂeenamﬁséeai gl obal

funct i on £ €S Blarldr 2 b8 ERbYo 36T E835 nay are LOlBRAABREN ofppchr onous

bl ock data p fon'to Tunction
“token packet wnthmcrsotiﬂteeatdaaate@ne trcedving signal slisjribtier demvarding@dinessed host

to function HakPpadiathel acﬁserliaa other bu§§©%ﬁt9i@trftﬁltoﬁﬁlt’ér@é® é&uiplad
geogr aphi cal I@/ addresse per ‘orm CRC check for a.

o nd
| ogi cal |y adift hesErseidpg by e?l &stributor and - Fi gures 18a - 18c.
illustrate one errbmbt ing on‘e of the atcmmemteitoncttmbgmrof the aseasti on

protocol s. ngcti on

MBRnagenent f‘ﬁgﬁggigﬁit/mo%n%{ng%%a%e if the bH bé‘ékﬁ‘e‘i i§ HP{HB s%otnd fyBBIfie |
notified function being the addressee of the data packet of the second ‘
type and a function of the notifying bus interface’s. penpheral

-15 (New) The computer 'system as set 'fo_,rth in cl_a_im 13, wher.ei_n the
method further comprises the steps of: o
d) transmitting a data packet of the first type to the bus controlier
by an authorized bus signal distributor/interjace,oij__t_r_an_smitt_ing a data
packet of the second type to the bus.contro_il__e_r_by._i_an_:at:.i__t_horized_
function; L |
e) receiving the data packet by the transmitting function S: bus
interface, and forwarding the data packet to the bus interface’s coupled
bus signal distributor if the data packet is of the second type |
B receivmg the-data packet by zero or more rntervening ones of
the at least one bus signal distributorin a. senai manner in accordance
to the manner they are coupled, with each of the receiving bus s:gnal
distributor forwarding the data packet to the upstream bus srgnai o
distributor; and
g) receiving the data packet by the bus srgnai distributor coupled
"to the bus controller and forwarding the data packet to the bus
- controller. | | |

L

16.  (New) The computer system as set forth in claim 13, wherein
the computer system has at least two peripherals, each of the at

least two perrpherals having a bus mterface and at Ieast one function;
the method further comprises the steps of

-
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I ncl ude a non-responsi ve geographi cal transfer protocol 518, a
responsi ve geographical wite transfer protocol 520, and a responsive
geogr aphiweabenizae transfer protocol 522. Under t he non-r esP@OTAISYSI14243
geogr aphi cal transfer protocol 518, the-hu er=14 broadcasts a
non- resp0n5| Ve geographi cal token p Iqs{;s sEaehHmwm fnect ed bus

te 22 mm!ﬁ)the ken packet and

si gnal | us |nterfa
o vt MR ¢ oL cen B

ransfer p#o ocal ¥20% the bus control | er 14 broadcasts a geogr aphi cal
token packet hawi ng a destination address3/-Each bus signal distributor
18 or bus interface 22 decodes the token packet. |If the addressed bus
si gnal distributor dBautholhizing antatd raps@Rioreivetaceeptwoianations of two o ts an

acknowl edgmenty,RanqdshakeoPiGisHeraltNGsify's BREA Rk o%ttﬁﬁ?%ﬁ@ﬁ',

96/ 13776
- 292 bus controller, the token packet having identification information

identifying the token packet as being of the third type, and the token
packet further having two addresses of the second type identifying the
two functions;

e) receiving the token packet of the third type by the at least one
bus signal distributor and the at least two bus interfaces in a
substantially serial manner in accordance to the manner they are
coupled to each other, with each of the at least one receiving signal
distributor forwarding the token packet of the third type to each of the
other bus signal distributor/interface coupled to the receiving bus signal
distributor; and

f) notifying two functions of the at ieast two peripherais by two of
the at least two receiving bus interfaces, the two notified functions being
the addressees of the token packet of the third type and functions of the
notifying bus interfaces' peripherals.

—"

m§95/ 14243

17.  (New) The computer system as set forth in claim 16, wherein the
method further comprises the steps of:

g) transmitting either a data packet of a first type to an authotized
bus signal distributor/intertace by the bus controller or a data packet of a
second type to a first authorized function by either the bus controller or a
second authorized function, the data packet having identification '
information identifying whether the data packet is of the first or the
second type, the data packet further having an address of the first type if
the data packet is of the first type, or an address of the second type if the

" data packet is of the second type;

h) receiving the data packet by the at least one bus signal
distributor and the at least one bus interface in a substantially serial
manner in accordance to the manner they are coupled to each other,
with each of the at least one receiving signal distributor forwarding the
data packet to each of the other bus signal distributor/interface coupled
to the receiving bus signal distributor; and
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t he acknow edgnment handshake packet, and sends the data. The
addressed bus signal distributor 18 or bus interface 22 t hen accepts t he

data. Wuwlegisbfe responsi ve geographical read transfer piﬁg
the bus controller 14 broafs ot gal token packet aV| ng a

destination address. Each jpd# I%BQIEQF _ to e 22
decodes the token packet. hRERIREM bijts I but or 18 or

bus interface 22 can send 32 ,"“l‘t*'?“ﬁ"ﬁ%'nrrs—t heJm mw"%!"m troller
12 then accepts the data. ' ustrate
one enbodi nent of data comuni cat3®n transaction protocols. As shown,
for the illustrated enbodi ment, data communication transaction

protocol s incl udel)h@ﬁtymg one offth@fat léa%tiwamﬁaronewwbﬁtﬁeoat |§a§1dl ng and
accepting dat ost sendi ng

attention rgm%gqcelvmg buaﬁgqegf@gpsggge %Cplagﬁgtt '?éﬁ ”r‘%.ﬁé?%ﬁitx% 188 er
prot ocol s f onotifiedtiiungtiandbeing the addregsee®f dae datarpackerofwhé sesondRC

Chockd ng pr (VBRGNS 1Reon Y nottying G Rt BEHBARRRCT 7% 1007 a1y

addressed t oken packet having a ‘desti nati on address. Each function
decodes the ‘i@ke”(N’é\W?he c’oﬂnﬁtﬁér system &3186f forth |ﬁ%iﬁ?"?6@hh€%ﬁihét

decodes the TERRIUTStERMPrses TRFERNAKe packet, “and sends (he data. The
function then accgptransritting a datdaiagket’sf theffisst type texmrbUs,contrdﬂer t he host
b oadogsts oD S5 adfiPtEed pus siand FeiABRlorArabe oo iheHECR WBla . o
addr ess. Eacpa¢Kmaf |t|@e1 saeend bype toeeither the bus controller ora flI’St authorized
function by a second authorized function;
-e) receiving the data packet by the transmlttmg function S bus
interface, and forwarding the data packet to the bus interface's cc_)upled
" bus signal distributor, if the data packet is of'the second type;
f) kecé‘iving the data packet by zero ‘or-more intervening ones of
the at least one bus signal distributor in a serial manner in accordance
to the manner they are coupléd. with each of the receiving bus signal
distributor forwarding the data packet to the other bus signal
distributor/interface coupled to the receiving bus signal distributor; and
g) receiving the data packet by either the bus signal distributor
- coupled to the bus controller and forwarding th_e___;._data-pac':ket;-to the bus
controller, or by the bus interface disposed on the ‘peripheral of the first
authorized function and notifying the first authorized function.
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t oken packet. The function then transmts a NULL or ATTN handshake
packet. The bus controller 12 decodes the NULL or ATTN handshake
packet. Awopem3znot her exanpl e, under the host-function ac®EFUSANIRIN0
CRC checki ng protocol 538, the bus controller 14 broadcasts a

| ogi cal | y addressed token packet h#8 ng a source and a destination
address. Each function decodes the token packet. The source function
waits for an acknow edgnment handshake packet, whereas if the .
destionation function can accept data, it transmts an acknow edgnent
handshake packet-to the source function. The source function decodes
WD 96/ 13776
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t he acknow edgnent hendshake packet, and sends the data. The
destination functi off¥then accepts the data.

N R

16
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ittty

Figure 1
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Figure 20 illustrates one enbodi nent of a state machi ne 600 provi ded

to the bus controller 14 for inplenenting the above descri bed

pr ot ocol WO 913176 nmchi ne 600 conprises ten states REXUSIFIP4And
twenty seven state transitional rul @2%r events (EVL - EV27). At
power on or reset (EV1), state nmachine 600 enters idle state 602,
and stays in idle state 602, as long as there is no transaction to
be conducted anobng bus controller 14, bus signal di stributor 18, and
bus interfaces 22 (including the functions interfaced), and it is
not time to pol+ t next bus signal distributor 18, bus interface
22 or function (EV2). o On the other hand, if it is
time to poll, and theréais at | east .-f& S'j_one transaction to be perfornmed
(EV3, EV12 or EV19), s@ate machine N 600 enters either the state of
aut hori zing a transactgon fromthe bu‘e: controller 14 to a function,

gunction to bus
5)1'1' bet ween two
transaction to

state 604, or authori g a transactidrn cbrong
controller 14, state 0, or aut horizirgg t ggnsacti
functions, state 616, depending orf thdg|a&tjur e\ of_the

be perforned. WHil"E Jin Sthieg 604, state chi ne 600
aut hori zes a function to rdgcei et a frargbgs cpntroller 14. State
machi ne 600 t hen either stgys in the st %i a feply with respect
to the readi ness of the furfjction to accept @ has not been
received, and tinme for receiving tjhe r ejp Q s§13t expired (EV4), or
returns to idle state 602 if the flunctian SE€0IHep that it cannot
accept data, or tinme for receiving regly has exnige g -
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(EV5), or enters the state of sending control/status or data 606, if the
function replies to the effect that it is ready to accept data éEVG).

Wil e i nVR3/B7806, state nmachine 600 sends data to the  PCI/US Jhat i on
function. State machine 600 then either stays in the state if

i ndi cation denoting whether CRC chegfggng is to be performed has not

WD 96/ 13776
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been out put yet, and tinme for outputting the indication has not expired
(EV7), or returns to idle state 602 if i ndi Bt i on denoting no CRC

checki ng has been output, or tine for out ting the indication has

expired (EV8), or ent =g for CRC acknow edgnent
608 i f indication denpting CRC has been output.
System Unit
Bus Controlier 14
(Master) T
4
Auth/ CTRU/Status,
Instr Data {Peripheral only)
A J
> Bus Sigrzastll ggr & INTF
&22 . —
Data
A~ Peripherals (Peripheral only)
16 -

Figure 3



Wiile in state 608, state machine 600 waits for the CRC checki ng
results. State nmachine 600 either stays in the state if the

desti nat WhFI3AH i on has not replied with either CRC pass BETUS8IYMEH3I and
time for reply has not expired (EV10), or returns to idle state 602 if the
destination function has replied wth gigher CRC pass or CRC failed, or

time for reply has expired (EV1 1). Wiile in state

610, state nmachi ne 600 authorizes a source function to send data to
bus controller 14. State ngghi ne 400 then either stays in the state
if the source function has |dr q ddd neither data or anull, and tine

for providing data/null hagl|n ejlpired (EV13
state 602 if the source fundti on has provide
providing data or a null hag expided (EV1 4)
receiving control/status orjjdata 12, if th
provi ded a data packet (EVL[5).
state machi ne 600 conpl et es|it he
either stays in the state if] sourd
i ndi cati on on whether CRC cgecking

for outputting the indicatign has

idle state 602 if the sourcyg fupctii
no CRC checking, or tine fof] ouf pd

2 returns to jdle
a auﬂJstr "IFTHE‘%gr
or&enters the statle
gourcelfunction has
. Wiile in qtate 612,
actpon| State machijne 600 t hen
ncti on has out put fan
reers or not, land tine

iy ”FégEV16), of r&TEns to
Aut raill i ndecat i on of

of

) |

NaEa | p@ has expi red
(EV18), or enters the state]llof &sdui K ngpzedfgifent 614 if
the source function has outputting it o€ ot CRE chegki ng
(EV17). ER2 B
o n< o
m} =t
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VWhile in state 614, state machi ne 600 issues the CRC acknow edgnent
and then returns to idle state 602. WO 96/ 13776
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Wi le i nVOP8¥ 7616, state nachine 600 authorizes a source PCTUSISAEI Gt i on
to send data to a destination function. State machine 600 then

either stays in the state if the % I nation function has not responded
with a "can accept data" or "cannot accept data" response, and tinme for
provi ding the response has not expired (EV20), or returns to idle state
602 if the destrnation function responded with "cannot accept dagg or
time to respond has expired (EV22), or enters thegstate waiting dat a
618, if the destination function responded with &a accept dataé';’ﬁ
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§

(EV21). Wile in state 618, state machine 600 waits

for data transfer fromthe source function to the destination
functi on WOUBHT et e. State machine 600 then either PETAPE1434% he

state if indication for CRC or 6/28 NO CRC checki ng has not been out put
by the source function, and tine for outputting such indication has

not expired (EV23), or returns to idle state 602 if indication for
no CRC checki ng has been output, or tinme for outputting the

i ndi cation has expired .(EV25), or enters the state of i ssuing CRC
acknow edgnent 20 if indication for CRC checking has been out put by
the source function (EV24). Wiile in state 620, state
machi ne 600 nonitors for i ssuance of a CRC acknow edgnment by the
destination function. State machi ne 600 stays elstate if the
destination function has not out put ei t her Oﬁp.g;jzitr CRC fail ed,
and tinme for outputting CRC pass/failed has FojQ§R ed (EV26), or

returns to idle state 602 if the destination 3¢ o] has out put
either CRC pass or failed (EV27)

(=]
illustrates one enbodi nent of a|state rachine ded Yo a bus
signal distributor 18 for inplenenting]the above pe
protocols. State machine 630 conpri ®es |f our states @8 and si x
state transitional rules or events EV} - EV6). At or reset
(EV1l), state machine 630 enters|idl e stlate 632. St3g 630
either stays in idle state 632 i|f bus gignal distri I s {not
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addresseav?ﬁgbﬂF’%phi cally) (EV2). O herw se, state nachi nePEEESEY 1434}
enters the state of sending control/status, state 634, or the state of
sendi ng recei ve acknow edgnent, s7A8 636, if bus signal distributor 18
i s addressed (geographically), depending on the reason it is addressed

(geographical ly). State mackgne 630 enters state 634
if it receives a qguery/ configuration verify request (EV3). Wile in
state 634, bus 5ignal di gsri but or Iﬂ—rep'ﬁ'és—with t he requested
information, and then. returns 0 I thata Bufit@ State machi ne 630
enters state 636 if it recerves arr —®1 instructior frqm bus controller
14 to receive control/dt &PQHol! Y] Wil e N Stat ¢ 634, byg signal
di stributor 18 replies Wiatnﬁa lrm‘!%%krrovm edgnent, > — Lubs/
Nodes
¥ —®1 Control/Status
Registers
|
54
Figure 8
62 60 64
| | |
Device Operating Configuring

Software [ ™| System “—® Software

i f
I

Serial Bus Controller Services

- Connection Management | 58

- Transaction Management

Figure 9
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and then enters the state of receiving control/status, state 638. Wiile in
state 634, state machine 603 either remains in the state |f /lES Q/?@Agot
.recei ve(WoN61¥80t rol / status from bus controller 14, and t BEBNER ve

the control/status has not expired (§M8), or returns to idle state 632 if
the control/status has been received or the tinme to receive has expired
(EV6) . Figure 22 illustrates one enbodi nent of a
stat e machi ne 640 provided to a bus interface 22 for inplenenting

t he above descri bed protocols. State machi ne 640 conprises ni ne
states 642 - — 658 and fifteen state transitional rules or events (EV1
- EV15). At power on or reset (EV1l), state nmachine 640 enters idle
state 642. State machi ne 640 either stays in idle state 642 if bus
interface 22 is not addressed (logically) for transactions or
addressed (logically) but no response is required (EV2). O herw se,
state machi ne 640 either enters t he state of sendi ng control/status
or data, state 644, or {hejstate cﬁ endi ngg nul | /attention, state
646, or the state ofg se@ ¢g "cannot cept data", state 648, or the
state of sendi ng "can rac et e &) O wr the state of
waiting for a "can ac<&pﬁ>°ﬁataa= ra%l@?*stag @ TiH (R interface

22 is addressed (| ogrcartyg gepend n70nT &) rea'Tm iI 3 addr essed

(logically).
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State mad¥RPEIBAD enters state 644 if it is addressed PCT/URYYN424H | v)
for a function to bus controller 14 transaction, and the addr essed

function is ready to transmt (EV3). 9¥28 e in state 644, bus
interface 22 sends the requested control/stattus or data, and then returns
to idle state 642. State machine 640 enters state 646 if it is addressed
for a function to bus controller 14 transaction and the addressed

function is not"ready to transmt (EV4). Wiile in state 646, bus interface
22 sends a null/attention reply, and then returns to idle state 642.

State machine 640 enters state 648 if it is addressed fo
controller 14 to function transaction and the addressed OYUp
cannot accept data (EV5). While in state 648, bus inter,
"cannot accept data" reply, and then returns to idle at .
machi ne 640 enters state 650 if it is addressed for a bu3| c¢ntrol
to function transaction and the addressed function "can apcey
(EV6). Wiile in state 650, bus interface 22 sends a "can jpcg¢ept datg"
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feply, and then enters the state of receiving data, state 652.

Wiile at state 652, state nachine 640 recei ves data. St at e machi ne
640 eithavobgmare’s in the state if bus controller 14 has PCT/USISIBR4DUL put
an indication for CRC or no CRC checking, and tine for out putting
the indication has not expired (% or returns to idle state 642
if all data has been received, me for receiving data has expired

(EV8), or enters the state of sending CRC pass, state 654, if CRC pass
is to be replied, and time to reply has not expired (EV9), or enters the
state of sending CRC failed, state 656, if CRC failed is to be replied, and

time to reply has not expired (EV10). St at e machi ne
640 enters state 658 if bus interface 22 is addressed (logically) as
a source for a function to function transaction (EV1l). While in
state 658, state machine 640 remains in the sta if nog "can accept
data" or "cannot accept date" has fgemn received®™and ti @_b‘c for

receiving the reply has not expire2 ®EV12), or sinply regzr ns the idle
state 642 if either the destinati oa unct ioon replied wth&' cannot accept
WD 96/ 13776 =O & -
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- 28- data", or tine for receiving the reply has expired (EV13), or
returns tog idle state 642 after sending null/attention first if the

desti nati on raAdtfon replied with "can accept data" m@,ﬁgyg,lgﬁgrce
function is not ready to transmt, and time for sending data has not
expired (EV1 4), or returns to 11/28dl e state 642 after sending
control/status or data first if the destination function replied
with "can accept data", the source function is ready to transmt,

and tine for sending the reply has not expired (EV15).

Thus, a nethod and appar at UP#IS&P%WE?:”&%BEB@%T'(W%%%P% bus and

comrands between serial bus elenents of an
assenbly using comuni cation [gdsiiset dithas sien depisi bdits FOM-256 bytes

additional information abgut | ard ratos ot —trhe esent

i nvention, refer to the e% 'ogtﬁ‘cﬁﬂgnﬁm‘lé@?&é} Orfset | Len 'Data \Ahi | e
the present invention has been described in terns of the above
embodi ments, those skilled in the art will rePagfacket hat the

invention is not limted to the enbodi nents descri bed. The nethod and

apparatus of the present invergtiﬁ&ns%%g b%&trsacti ced w tgbi{gogibgtiscati on
502 -{ Sync| PID | Hub:node ' Sync| PID |-508

Token Packet Handshake Packet

Figure 14a

Packet Format: Logical Addressing

8 bits 6 bits 6 bits 6 bits 8 bits __1-256 bytes 16 bits

512-{ Sync| PID | Dest{ Src { Len Data (ogt%%ai)
Data Packet
8 bits 6 bits 6 bits 6 bits 6 bits 6 bits 6 bits
504-[Sync PID Addrl Sync| PID | Dest Src_l - 506
Host - Function -

Function Token Packet Function Token Packet

8 bits 6 bits .
508 -{ Sync{ PID
Handshake Packet -

Figure 14b



and alteration within the spirit and scope of the appended clains. The

description is thus to be regarded as illustrative instead of limting on
& he presdN® 9 E7&ht i on. PCT/US95/14243 . 29 -
1. A bus controller conprising logic for serially fornulating and

transmtting token packets of at least a first and a second type to one or
nore bus signal distributors and on@ g nore bus interfaces, each of the
bus interfaces being disposed in a pérl pheral having one or nore
functions, for serially authorizing

514 516

PT PF
4~ Packet type ->{<-Parameter Field-»

PTo | PTy | PTo | PRy | PRy | PRy | PID Field

PT<02> Abbrev Packet Type
000 LOGD Logical data packet
100 GEOD Geographical data packet
101 TKFF Token between logical functions
110 TKHF Logical token between host and function
010 GEOT Geographical token packet
001 HSHK Handshake packet
011 CTRL Special control packet
111 RSVD Reserved

Figure 15
514 516
\-— HANDSHAKE PACKET ~
PT PF
0o | o |1 |PR|{PFR|PR| PID s
PF<0:2> Receive buffer cannot accept data (RCVNACK) -

=0
PF<0:2> =1 Receive buffer can accept data (RCVACK)
=2 CRC check fails (CRCNACK)
PF<0:2>=3 CRC check passes (CRCACK)
PF<0:2> =4 Source cannot send data (NULL)
PF<0:2>=5 Attention Request (ATTN)
PF<0:2>=6 Logical function not finished reset
PF<0:2>=7 Logical function completed reset

Figure 16a



managenent and data transactions with selected ones of the bus signal
distributor(s), the bus interface(s) and the function(s), t he bus
eontrol | YO 9¥KE7one or nore bus signal distributors and t hBCDAIS9SII4240r €
bus interfaces being coupled to each other in an hierarchical tree |ike
manner, W th each bus interface diregg)ag coupled to a bus signal
distributor, and each bus signal distributor coupled another bus signal

di stributor, except for one of the one or nore bus signal distributors,
which is directly coupl ed CanttdieToken Packéet: Gelogfdphical Addreséig nanagenment
transacti ons being used fqr ggynam cally configuring g4ge, bus controller,
the one or nore bus si gnaIO[ gi styrPffut ors gnd t heppng—or ﬂmre bus interfaces
in accordance with the ma HA— e —th—bus—eori+roelt+gr, the one or nore
bus signal distributors and ©hd ome {or0ndrRFydsPFptdPFadesPHD dieddpl ed to

Valye Abbrev Eunction
PF=000 GRST Global reset
PF = 001 GNRS  Global node reset
PF=010 SNRS Single node reset
PF =011 HSGP  Host sending GEO data packet
PF = 100 PENB  EnableportN
PF = 101 PDIS Disable port N
PF =110 PENQ Presence query
PF =111 GCVF  Geographical Configuration Verify

-Figure 16b

Control Token Packet: Logical Addressing

S PT - pF

0 0 1 PFO PF1 PF2 PID

PF<0:2>=0 Global function reset

PF<0:2> = 1 Single function reset

PF<0:2>=2 Function Status request

PF<0:2>=3 Attention request

PF<0:2> =4 Reserved .
PF<0:2>=5 Reserved

PF<0:2>=6 Reserved

PF<0:2>=7 Reserved T

Figure 16c



each token packet having identification information identifying whether the
t oken packet is of the first or the second type, and first address

i nf or mat MN96/13776 each token packet of the first type bRCHYSHEH o

aut hori ze either one of the one or nore bus signal distributors or one of
the one or nore bus interfaces to condw: g Managenent transaction with
the bus controller, and then first addréss information of each token
packet of the first type - 30 -
partitioned manner incl udFugction Te SunptienTakenf Racketidragi¢aliAddrassing si gnal
distributor, and a second;®stion for identifying eigfger the identified bus
signal distributor as thJa aulth&?T zed buE sign@BFdgtriputor or a bus
interface coupled to the[Tdenfitiey pbUS]Stgn fi [ Hut as the

aut hori zed bus interface, 1 0 1 0 b'% HFLZ BID

PF<0>=0

PF<1:2>=0 Asynchronous control packet

PF<1:2> =1 Asynchronous/tsochronous block data packet
PF<1:2>=2 Reserved

PF<1:2>=3 Isochronous data packet

Figure 17a

Host To Function Token Packet: Geographical Addressing

14 516
L PT PF ~

1| 1] o |PR]PR|PR] PID

PF<0>=0 Host sources packet

PF<0> =1 Function sources packet

PF<12>=0 Asynchronous control packet

PF<12> =1 Asynchronous data/isochronous block packet
PF<12>=2 Reserved .
PF<1:2>=3 Isochronous data packet

Figure 17b



each token packet of the second type being used to authorize a function to
conduct a data transaction with the bus controller, and the first address

J nf or mat mowe37wach t oken packet of the second type bei POT/O8EE243 i n an

unpartitioned manner for identifying the first 2. The bus controller
as set forth in aimi1, wherel528he bus controll er further conprises

| ogic for serially exchangi ng data packets of a first type wwth the

aut hori zed bus signal distributors/interfaces and data packets of a second

type with the authorized | " : Flégg packet havi ng

i dentification+nformti OPH%%@{L?V??\%QWQ{%E?GP e d’gq a packet is of the
first or the second type,lﬁé S nd addfess irﬁ r 1&h, t he second
address infornmati on of eadh _da hacket hf the IFE ST tybe being decoded in
the first partitioned manfery f pr d dtntd f_/ipng | RFap z@@pus signal
distributor/interface, an th DA d—ad ss—-Abr mati on of each
data packet of the second 5?’30‘?2»0 Assign Logical Address

PF<0:2> =1 Assign geographical address

PF<0:2>=2 Geographical data packet

PF<0:2>=3 Reserved

PF<0:2>=4 Reserved

PF<0:2>=5 Reserved

PF<0:2> =86 Reserved

PF<0:2>=7 Reserved

Figure 17c

Data Packet: Logical Addressing

514_ pt pg 516
o | o | o |PR|PF|PR| PID

PF<0> =0 Do not perform CRC generate/check

PF<0> = 1 Perform CRC generate/check

PF<12>=0 Asynchronous control packet

PF<12>=1 Asynchronous data/isochronous block packet
PF<ci2>=2 Reserved '
PF<1:2>=3 Isochronous data packet

Figure 17d



bei ng decoded in the second wunpartitioned nmanner for identifying the

aut hori zed functi on. 3. The bus controller as set forth in Caiml,
Mherein wo9snsghe identification information of each t okenPEHURY14243
identifies the token packet as the first. the second or a third type

i nstead, and each token packet fungpgyg includes second address

I nformati on.

REPLACEMENT SHEET - 31 - t he bus
controller further conprises logic for serially fornulating and
transmtting token packets Npnifesponse Geogsphiealifranstghcti ons for serially
authorizing data transactions togatconducted between sqigsbeflogwos of the

Host broadcasts Token Node(s)/hub(s)
non-response -1 decode token and
geographical token ' give no response
518
Host issues Next Token
next token >

Figure 18a

Response Geographical Transfer: Write

Host Hub or Node
Host broadcasts Token Hub/node decodes
token: Destination ™ "token ADDR field
ADDR = -

Hub/node can
Host decodes | 4 Handshake accept data & issues 20

ACK handshake Receive ACK
Host sends Data |  Hub/node
data receives data
Host issues Nexttoken _ -
next token

FigUre 18b



functi ons,

both the first and the second address i nfornati on of

each token packet of the third type being decoded in the second

unpartit waonesasmsnner for identifying two functions as the BCH/HSIYIAZG
functions of the data transaction. 4,

in Cdaim3, wherein the bus controller
serially exchangi ng data packets of a f

si gnal

information identifying whether the

second type,

and at

The bus controller as set forth
her conprises logic for

?iéﬁttype wth

distributors/interfaces and data packets of a second
aut hori zed functi ons,

t he aut hori zed bus

type with the

each data packet having identification

dat a packet
| east third address

is of the.first or the

Response Geographical Transfer: Read

Host Hub or Node
Host broadcasts Token -
token: Source > HUhﬁ’ggeR Cflgl:gdes
ADDR =8B
Hub/node
Host < Data sends data
receives data
Host issues Next Token |
next token

Figure 18c




I nformation the third address informati on of each data packet of the
first type being decoded in the first partitioned manner for identifying
the aut woissas77us signal distributor/interface, and PCHYSH#R4B
address informati on of each data packet of the second type bei ng decoded
in the second unpartitioned nanner fi8f28dentifying at |east one function
as the aut hori zed function. 5. A bus signal distributor conprising
|l ogic for serially receiving token packets of at least a first and a
second type froma bus controller, and forwarding

A —

Host Sends Data, Function Accepts Data, No CRC Checking
{Logical Addressing)

Host : Function B
Host broadcasts Token Function decodes
token: Destination ! token ADDR field
ADDR =8B
Host decodes Handshake | Function can accept
1 data and issues
524 ACK handshake B e ACK
nd Data Function
Hoséast: S ™ receives data
Host issues Next Token$
next token

Figure 19a

Host Sends Data, Function Accepts Data, CRC Checking

{Logical Addressing)
Host ' Function B
Host broadcasts
; ! Token Hub/node decodes
token: Destingtion —>| "ioken ADDR field
Function can >
Host decodes Handshake ta & issues
528 | Receive ACK I e Ak |
Function receives
Hoséastgnds Data —»p| dataand does
CRC check
Host decodes CRC Handshake |Function sends CRC
ACk handshake ' handshake packet
Host issues Next token
next token —>

Figure 19b



- 32 - the received token packets to zero or nore other bus signal
distributors coupled to the bus signal distributor and/or zero or nore bus
interface¥WIIEd to the bus signal distributor, each of tPEI/H8§S/14243

i nterfaces being disposed in a peripheral having one or nore functions, for
serially facilitating authorization bﬂ 2 pus controller of managenent and
data transacti ons between the bus controller and sel ected ones of the bus
signal distributor(s), the bus interface(s) and the function(s),

each bus interface being directly coupled to a bus signal distributor,
which in turn is coupled upstreamto either another bus signal distributor
or the bus controller, t he managenent transactions being used for
dynam cally configuring the bus controller, the one or nore bus signal

di stributors and the one or nore bus interfaces in accordance with the
manner in which the bus controller, the one or

Host Sends Data, Function Cannot Accept Data

{Logical Addressing)
Host Function B
Host broadcasts y
token: Destination Token —> f:feﬁ'%%%eﬁg?g
ADDR =B
Function cannot
528 | Hostdecodes |, Handshake | acceptdataand
NACK handshake issues a
Receive NACK
Host issues Next Token
next token ’

Figure 19¢

Host Receives Data, Function Cannot Send Data
(Logical Addressing)
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ADDR =B token ADDR field -
. Function cannot
.Host decodes Handshake
530 oy send data and
Null handshake issues a
null handshake
Host issues Next token
next token >
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each token packet having identification information identifying whether the
t oken packet is of the first or the second type, and first address

b nf or mat WA96/13776 each token packet of the first type bePAHUSSRM240

aut horize either one of the bus signal distributors or one of the one or
nore bus interfaces to conduct a naaﬁﬁgyent transaction with the bus
controller, and the first address intormation of each token packet of the
first type bei ng decoded in a partitioned nmanner
portion for identifying a bus signal distributor, and a second portion for
identifying either the identified bus signal distributor as the authorized
bus signal distributor or a bus interface coupled to the identified bus
signal distributor as the authorized bus interface,

including a first

Host Receives Data, Function Can Send Data, No CRC Checking

(Logical Addressing)
Host Function B
Host broadcasts L
token: Source Token > Furfg%nadfeizeclcc:tdes
ADDR =B
532 Host receives < Data Function

data sends data

Host issues Next Token

next token ’

Figure 19e
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Figure 19f




- 33 - each token packet of the second type being used to authorize

a function to conduct a data transaction with the bus controller, and the

Jfirst addveseizzref ormati on of each token packet of the secB38@US§PH243 bei ng

decoded in an unpartitioned manner for identifying the first authorized

function. 6. The bus signal distri Bﬁér as set forth in Caimb5,

wherein the bus signal distributor _f& r conprises logic for serially
exchangi ng data packets of a first

Host Sending An Attention Request Token

(Logical Addressing)
Host Function B
Host broadcasts Token Function decodes
token: Source - ADDR field
ADDR =B
536 Host decodes < Handshake Function sends
handshake NULL or ATTN
handshake
Host issues Next Tok_en >
next token

Figure 19g



type with the bus controller, and facilitating exchanges of data packets of
the first type between the bus controller and other authorized bus signal
.di stri buworss/iaTmer f aces, as wel | as data packets of a sec®fF¥SHE4Hét ween
the bus controller and the authorized functions, each data packet
having identification information idgg}égyﬂ ng whether the data packet is
of the first or the second type, and second address information, t he
second address information of each data packet of the first type being
decoded in the first manner for identifg%gg t he aut hori zed bus si gnal
di stributor/interface, and t he sec address information of each
dat a packet of the second type being decqded—in the second

o Jjnpartitioned
manner for identifying the authoriZzed fupdtian.
=]
c.2X o]
S5O OF
b O n2lloEZ =3
= QO
o S8« =% =y
= So-| | S22 Sa
[T O O '5:68 [
g Swi {83 8
@ Lo ‘35?: L&
«
Y
2
[ ==
j= @
S =
= ]
-
g 8o
= x
Q @ qsagé A ,Q o
O € SEG| |58 S5 | s
0@ = m o '—og 5= o) <
© B c2Gl|8g3 g'o =
e £ s3Z||S88 5%
=z 3 s=cl 2T o o R
- = ggg o~
25 ke
SE
T
s
8§ § 3
e = =]
53 - =
a8 s
O 5 =
[
(-]
s=
-
QO Y] b
g g9 Pt 2
e @g L& 22
b4 = -
£ 8|832 S5 =
g 2|53E 32 2%
bt BE®D DO x
8 cs2 S
S 50 o
(7> ] -—

Figure 19h



7. The bus signal distributor as set forth in Caim5, wherein t he
Identification information of each token packet identifies kjg@s 52@2‘2_}
.packet a¥¥@MIFT&¢ st the second or a third type and each tB %)

further includes second address information. t he bus signal
di stributor further conprises logic for ggyaglly receiving and
- 34 - forwarding token packets of the third type to the functions for

serially facilitating authorization by the bus controller for data
transactions between the first authorized fﬁhction and a second authori zed
function. - '
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both the first and the second address information of each token packet of
the third type being decoded in the second unpartitioned manner for

4 dent i f yWO@6MIKI6 aut hori zed functi ons. 8. The bus si gn#CTHSISH4MEt or as
set forth in Claim7, wherein the bus signal distributor further conprises
logic for serially exchanging datg/pgckets of a first type with the bus
controller, and facilitating exchanges of data packets of the first type
bet ween the bus controller and other authorized bus signal
distributors/interfaces, as well as data packets of a second type between
the bus controtler and the authorized functions or between authorized
functi ons, each data packet having identification information
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i nterface.

| east third address

N6 8inbly
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i nformati on of each data

and at
an aut hori zed bus
ormati on of each data packet of

or

t
2%
the second unpartitioned manner for

distri

| east third addres

| east third address
bei ng decoded in the first partiRGTOUR9E1424BrAnner

t he at
| east one aut horized function.

Is of the first or the second type,
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i dentifying the bus signal
t he at

i dentifying at
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- 3 - 9 A bus interface conprising logic for serially receiving token
packets oa,oapt 1 %ﬁast a first and a second type froma bus controller, each
of the bul it Paces bei ng disposed in a peripheral havi meCU®sa42480r €
functions, for serially facilitapgmg authorization by the bus controller
of managenent and data transactions between the bus controller and sel ected
ones of the bus interface(s) and the function(s), each bus
interface being directly coupled to a bus signal distributor, which in
turn is coupled upstreamto either gnother bus signal distributor or the
bus controller, t he managen®nht transactions including configuration
transactions for dynam cally configuringgthe RQus inkerface, thg bus signal
distributor(s), and the bus controller i® acc® danc® vvit%the %anner in

whi ch the bus interface, the bus signal 'stﬁrl' ut q) aWd the—hus
controller are coupled to each other, | Y § Y =
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each token packet having identification information identifying whether the
.token packet is of the first or the second type, and first address

4 nforna?ﬁ'&?f’lsm; each token packet of the first type bAGHUIPSAIR4So
authorize either the bus signal distributor or the bus interface to conduct
a managenment transaction with the24/@8 controller, and the first address

i nformati on of each token packet of the first type being decoded in a
partitioned manner including a first portion for identifying the bus signal
distributor, and a second portion for identifying either the identified bus
signal distributor as the authorized bus signal distributor the bus
interface as the authorized bus interface, each token packet of the
second type being used to authorize a function to conduct a data
transaction with the bus controller, and the first addresswinformation of
each token packet of the second type % —
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- 36 - being decoded in an unpartitioned manner for identifying the first
aut hori zed function. 10. (New) The bus interface as set forth in Claim
© 9, wher ey@od/iBz7dus signal distributor further conprises | B§EUSPYHM2eEr| al |y
exchangi ng data packets of a first type with the bus controller, or
facilitating exchanges of data packet 8648 a second type between the bus
controller and the authorized functions, each data packet having
identification information identifying whether the data packet is of the
first or the second type, and second address information, t he second
address informati on of each data packet of e first type being decoded in
the first partitioned manner for identifying the t;,us si gnal

distributor/interface, and 2 2
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the second address information of each data packet of

bei ng decoded in the second wunpartitioned mahner for denfil' yi ng‘@t’lﬁ‘gEET
~aut hori zed function. 11. The bus interface as set

.1 RCAR ngag
wher ei n the identification fnformati on of each t .1 BAPRTISN.
i dentifies the token packet as the first, the second, or a third type, and
each token packet further includes secong address information, t he

bus interface further conprises logic for serially rec ets
of the third tipe for serially facilitating authorizat mmﬂ;mmm[ﬂmﬂﬂiﬂ
controller a transactions between the authorized=*functy ons, s

both the first and the second address information of each token packet of

the third type being decoded in the second.unpartitioned fanner for
hdentifying 4w A GIEHBSMOASRG logic for serially formulating and transmitting

token packets of at least a first and a second type to one or more bus signal

distributors and one or more bus interfaces, each of the bus interfaces being
disposed in a peripheral having one or more functions, for serially authorizing
management and data transactions with selected ones of the bus signal
distributor(s), the bus interface(s) and the function(s),

the bus controller, the one or more bus signal distributors and the one or
more bus interfaces being coupled to each other in an hierarchical tree like
manner, with each bus intetface directly coupled to a bus signal distributor, and
each bus signal distributor coupled another bus signal distributor, except for one
of the one or more bus signal distributors, which is directly coupled to the bus

controller,

more bus signal distributors and the one or more bus interf r upled t

gach other,

each token packet having identification information identifying whether the

token packet is of the first or the second type, and first address information,

each token packet of the first fype being used to authorize either one of

the one or more bus signal distributors or one of the one or more bus interfaces

to conduct a management transaction with the bus controller, and the first
address information of each token packet of the first type fugherhaving-an

d £ 2 ficc! hatidentifies-t thorizod-t ianal
-distributorfinterface,-each-address-of- the-first-type being decoded in a
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' The bus.interface as set forth in Caim 11, mﬁgﬁﬁ&ﬁ;%@r

at a pac

|nterf I ses logic for serlallylexchanglnd
a fi rsﬁmum"mm ,mﬁun)us controller, or facilitating ex :h@épgg ____________________________

packets of a secbnd‘ty'pe bet ween the bus controller and aut hnrlmﬂ

functions, and between authorized functizgns, each data packet
havi ng | dent ification information identifying whether the data packet is

of the firspadiioned xEpoed Meveg-iacddiag d firss pottiohrigr Weetifdng a bus signak he at

| east third address information of each data packet of the first type being
decoded in disdribytos: and et secondeaprtionmforddentifying @ithet the idgntified bus sigriadr f ace,

and distributor as the authorized bus signal distributor or a bus interface coupled to
the identified bus signal distributor ag the aythorized bus interface,

each token packet of the second type being used to authorize a function
to conduct a data transaction with the bus controller, and the first address
information of each token packet of the second type -further-having-an-address

-seeond-bype being decoded in an unpartitioned manner for identifying the first

thori ction.

2. The bus controller as set forth in Claim 1, wherein the bus controller
further comprises logic for serially exchanging data packets of a first type with
the authorized bus signal distributors/interfaces and data packets of a second

type with the authorized functions,

each data packet having identification information identifying whether the

data packet is of the first or the second type, and second address information
the second address information of each data packet of the first type
further-having-an-address-of-the-firsttype beina decoded in the first partitioned

manper for identifying the authorized bus signal distributor/interface, and

the second address information of each data packet of the second type
—-fBFEhthawag—aﬁadé-Fess-ef-measeeend-bfpe beina decoded in the second

ner for identifying the authorized function.

3. The bus controller as set forth in Claim 1, wherein

packet as the first, the second or a third tvpe instead, and each foken packet

further incl cond address information




LL__

the dress information of each data

‘.type M@H‘H@ m t he second unpartitioned nmann Fﬁh@%}g {Q?Ts%‘l%%?
| 'eas riszed function. 13. In a -conputer gg@m ___________ Qgﬁus
‘controller, at |east one bus signal distributor, andwafi-least one """
peri pheral, wherein each peripheral has3za bus interface and at | east one

function, each bus |nterface bei ng coupl.ed to bus nal (gj stri butor,
aamd eagh bus si ghg H?WPF’BU?’?P“B%T Bﬁﬁﬁﬂ logig Brﬁﬁ%?lfy "[‘5‘8?5’99?’%‘?
which is cormaio tferd Reckene! o the 1RET B S 4% BrtiBhs forseid e“ESLputer
system the ut%hg‘?ﬁ S%fg\?tm%@éégﬁltohgfo EE%BﬁdB&ed d hetween %l%'t%&‘ﬂ%szb{ﬂ

managenment ?rans a bus si or or

interface tgn,dus cally configure the bus S|gnal dlstrlbutorllnterface in
accor dance W|th t he manner in whi ch the bus si gnal d| SII’I butor/| nterface
I s coupl ed, the Pk 3 pigad ertil

Lt

=l

both the first and the second address Information of each token packet of
the third type further-having-iwe-addresses-of- the-secord-type being decoded in
the second unpartitioned manner for identifying two functions as the authorized

functions of the data transaction.

%

4. The bus controller as set forth in Claim 3, wherein the bus controller
further comprises logic for serially exchanging data packets of a first type with
the authorized bus signal distributors/interfaces and data packets of a second
type with the authorized functions,

each data packet having identification information identifying whether the

data packet is of the first or the second type, and at least third address

information,
the third address information of each data packet of the first type further
~having-an-address-of-the-first-type bei itioned manner

for identifying the authorized bus signal distributor/interface, and
the third address information of each data packet of the second type

bype  being decoded in the
second unpartitioned manner for identifying at least one function as the

authorized function.

5. A bus signal distributor comprising logic for serially receiving token

packets of at least a first and a second type from a bus controller, and forwarding
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pac ' pe by the bus controller, or.auth é’n a
‘Iramﬂlﬁ)mﬂﬂlwﬂﬂwﬁfunction using a token packet of S :%ﬁﬂﬂﬁﬂésﬂﬁﬂh
bus €0 s t oken packet having identification ] qf oriefi
identifying whether the token packet is of the first De “or-tte-second
type, and the token packet further havi first address I nfornmation of
either a first type a second type, wh in if the token packet is of the
first typeheteehiddlokdfdiaietd 1f 28 nfdtel stheiP8igHa! &isﬁibﬂ??r%‘cﬁdd;ﬁ&g
manner including a first portion for identifying a“bus signa I stributor,
and a secopdhedsus signbbdistilautor sxd/og zeid drenoidbus tiraifaddsecbupled 36 el
di stributor as the authorized bus signal

bus signal distributor, each of the bus interfaces being disposed in a peripheral

o

having one or more functions, for serially facilitating authorigation by the bus
controller of management and data transactions between the bus controller and
selected ones of the bus signal distributor(s), the bus interface(s) and the
function(s), .

each bus interface being directly coupled to a bus signal distributor, which

in turn is coupled upstream to either another bus signal distributor or the bus

controller,

each token packet having identification information identifying whether the
token packet is of the first or the second type, and first address information,

each token packet of the first type being used to authorize either one of
the bus signal distributors or one of the one or more bus interfaces to conduct a

management transaction with the bus controller, and the first address information
gf each token packet of the first type fustherhaving-an-address-ofa-firsttype

-frst-type being decoded in a partitioned manner.baving including a first portion

for identifying a bus signal distributor, and a second portion for identifying either

the identified bus signal distributor gs the authorized bus signal distributor or a
bus interface coupled to the identified bus signat distributor gs the authorized

bus interface,

f
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“di stribut thorized bus interface, and if t %@’%Nfs&'@ﬁﬂ
secojﬁll l&“ ﬂj \E address information is decoded ; lﬁnﬁgRt 19980n d
‘mann g a first function as the author %efuncmon """""" |

recei vi ng t he token packet by the at |east one bus signal distributor
and the at | east one bus interface in a substantially serial manner in
accordance to the manner they are coupl®d to each other, with each of the
at | east one receiving signal distributor forwarding the token packet to
each of the ot heachbtokeni packiet df thier sdvohdrtyperbeingaseddouithorizeatfbactigeei vi ng
bus signal distributor; and c) notifying one of the at |east one
functi on {9 condust adata nanisaainn witb the bus conyollersandthe fiegt addfegdhe t oken
packet . is,of the second ty the notified function being the addressee of
t he t oken ipgEmationofaachde E%@asmfamsacorfdﬁy@ﬁ &M@Hﬁ%@-@bﬁ#ﬁf@@s bus
' h :

i nterface' et fthln claim 13,

di stributor—-er—abus-imterface coupled to the identifi ﬁ, 32

wher ei n t FE=NETHOE - PRPr e SCOMBPT SESFTREFSITHS groransmtting
ei ther a dat ck ty of ?! |r!st! téRe tp%rt lonthh riz o fir
authorized function.
6. The bus signai distributor as set forth in Claim 5, wherein the bus signal

distributor further comprises logic for serially exchanging data packets of a first
type with the bus controller, and faci!itating exchanges of data packets of the first
type between the bus controller and other authorized bus signal
distributorsfinterfaces, as well as data packets of a second type between the bus
controlier and the authorized functians,

each data packet having identification information identifying whether the
data packet is of the first or the second type, and second address i.nfgrmgﬁgn,

the second address information of each data packet of the first type
pe being decoded in the first manner for
identifying the authorized bus signal distributot/interface, and

the second address information of each data packet of the second type
further-having-an-address-efthe-second-type being decoded in the second
ynpartitioned roanner for identifying the authorized function.

7. The bus signal distributor as set forth in Cléim 5, wherein
i ification i et identifies the tok
packet as the first, the second or 2 third type, apd each token packet further

the bus signal distributor further comprises logic for serially receiving and
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Z.:J'? ‘“Hmumtulﬂnﬂllgye:];gcgugrcgn??gﬁl E?Ckfheoga? packet m %{3&

dentt ficcati oN i hf of mation identifying whether the Kajg pdcOeAPRSIGO8 tihe
-f| rst or the second type, the data S
- 39 - packet further having second address information of either a first
type decoded in the first partitioned3fanner for identifying the
aut hori zed bus si gnal distributor/interface if the data packet is of the
first typdorwarding sekangatiete dgﬁqﬂgmi'rmtypbaosmmnbnpd@n$érfa)l|9ed manner if
the data packet is of t he second type; e) receiving the data
packet by fahiitating authorigatiob by thé gnalcodtrslien foudala tranbactines betwees thene bus
i nterface |n a substantially serial nmanner in, accordance to

first authorized function & and a second authorized function,

both the first and the second address information of each token packet of
the third type furtherhaving-twe-addresses-of the-second-type being decoded in
the second unparitioned mapner for identifying two authorized functions.

8. The bus signal distributor as set forth in Claim 7, wherein the bus signal
distributor further comprises logic for serially exchanging data packets of a first
type with the bus controller, and fagcilitating exchanges of data packets of the first
type between the bus controller and other authorized bus signal
distributors/interfaces, as well as data packets of a second type between the bus
controller and the authorized functions or between authorized functions,

each data packet having identification information identifying whether the

data packet is of the first or the second type, and at least third address
information,

the at least third address information of each data packet of the first type
“further-having-an-address-of the-first-iype” bel ded in.the first iti

manner for identifying the bus signal distributor or an authorized bus interface,

and

the at least third address information of each data packet of the second

type
the second unpartitioned manner for identifying at least one authorized function.
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the manner thmg oupl ed to each other, with each

‘recei ““ “ﬂ ributor forwarding the data pacg%Eé%%gy%‘l ? élﬁp
othe ributor/interface coupled to tf '

~distri butor and f) notifying one of the at
one of the at | east one recei ving Bus-interface if the data packet s of
the second type, the notified function being the addressee of the data
packet of he sé%'@?’ﬁ@%ﬁ@“ﬁ“smﬂmﬁf@rﬁ%ﬁ Ylﬁ@ﬁt‘(jﬂgﬁﬁmpmfsmf@tface s
peri pher al conput er Séstem as set forth a| m 13, wherein

the met hod e?‘ﬁ‘r?%’é?‘ a"férﬂ?fcp?g@’ﬁeh O@t%BES gpntrolter, each 8§t W?ft"’t’?fgs a data

ket of N t t b I
G st ri but droiPReReaa ppaama?p%v‘tﬁs%%aawg RBeiGhS 15 fla Type o
the b
e bus, COBLABMIE! aBihehatlh The Bl LURGRA TR INALAPRIELORY 10,
first transactions between the bus controller and selected ones of the bus interface(s)

and the function(s),

each bus interface being directly coupled to a bus signal distributor, which
in tum is coupled upstream to either another bus signal distributor or the bus
controller,

the management transactions includin nfiguration ¢
i ring th. i j istributor{s), and the

bus controller in_accordance with the manner in which the bus interface, the bus
signal distributor(s) and the bus controller are coupled 1o each other,

each token packet having identification information identifying whether the

token packet is of the first or the second type, and first address information

each token packet of the first type being used to authorize either the bus

signal distributor or the bus interface to conduct a management transaction with

the bus controller, @Q_M@g_mmnmmgﬂeach token packet of the

first type

e being decoded in a
partitioned manner bavirg including a first portion for identifying the bus signal
distributor, and a second portion for identifying either the identified bus signal
distributor gs the authorized bus sianal distdbutor or the bus interface as the
authorized bus interface,

each token packet of the second type being used to authorize a function

to conduct a data transaction with the bus controller, and the first address
- ipformation of each token packet of the second type -fu;ther-hawag—a-n—add;ess
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or”mm m#iw”tm’ the data packet further having se

informat 1o I rst type decoded in the first par
i denti fying the bus controller, or a second type dec
‘unpartitioned manner for identifying the bus controller; e)

receiving the data packet by the transm3éi-ng function's bus interface,

G st 11 but or PR tRed R ekl o Bl s GRUBLFRLACHIEE, |

the data pagbg{or dzgrngngﬁ more intervening ones of the at
- 40 - | eas u 1 d| stributor in a serial nmanner in accordance to

t he nmanner

10. (New) The bus interface as set forth in Claim 9, wherein the bus signal
distributor further comprises logic for serially exchanging data packets of a first
type with the bus controller, or facilitating exchanges of data packets of a second
type between the bus controller and the authorized funclions,

each data packet having identification information identifying whether the

data packet is of the first or the second type, and secopnd address information,
the second address information of each data packet of the first type

manner for identifying the bus signal distributorfinterface, and

the second address information of each data packet of the second type
rtherhovi g £y 4 being decoded in tt [
ypopartitioned manner for identifying the authorized function.

11.  The bus interface as set forth in Claim 9, wherein

the identification information of each ;gggg packet identifies the ioken

packet as the first, the second, or a third type, gnd each token packet further
includes second address information,

the bus interface further comprises logic for serially receiving token

packets of .a the third type for serially facilitating authorization by the bus

controller for data transactions between the authorized functions,

both the first and the second address information of each token packet of
the third type-further-havingtwo-addresses-ofthe-second-type bejng decoded in
the second unpartitioned manner for identifying two authorized functions.
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the ar th each of the receiving bus sigfEFgrstrrbat
‘_fo“ ‘)&‘ﬂﬁp &e“mﬂ packet to the upstream bus signalf BEBKAGEMENT SHERT
e tlata packet by the bus signal distrijbutor ﬁ(ﬁlnrﬁdm tihe
'bus controller and forwarding the data packet to thejjbegiesontto ..er ........ 6.
(New) The conputer system as set forth 3t -claim13, wierern
conputer systemhas at |east two peripherals, each of the at |east tvvo

peri pheral sqbavi %é‘b@é‘%\t&ﬁ%@é%@%‘a% ﬁntCIIaﬁﬁSlg)Wh%r%{H’iﬁé b inte ace the

met hod further conprises t ste authorizing a

transact i onfipgieresimphbed fd?%%nﬁfl biehagind'8af packasd of%rétqywhﬂrral s
using a token packet of a third type by the bus controller, the token

packet havi trge bderiointriotlet, |orrfac:ntb¢ingm‘xbbﬁngekeuftdéta|pmgkéha)fta)k@¢bmﬁﬁjﬁet as
being of the third type, and the token packet further having second address

i nf or mat i on betweba the basdcdntrsdled and drithorixetfenctionsndnd hehvéén aattestizsgnner
for identifying the two functions; e) receiving the token packet of
the third tfqnecttgns,he at |east one bus signal distributor and the at |east

two bus interfaces in a substantially serial manner in accordance to the
manner they are cezﬁqh atatrea@f@éhatsmedenwcahoeatfﬁrreatrqm@eatmrt&we&wthe

[ecel V|hn9f5| gf_}{rl b‘bgrd_ﬁf%tlo& étcé;en he tok ‘ f he third type
o each o L3S bibe;, ang.alieast Rirg agarass

recei ving bus, si di stributor, and f) notlfylngtv\ofunctlons of
t he at |easiﬂm@3§%& pheral s by two of the at |east two receiving bus
nterfaces, the t.t.&ie@@&ﬁﬁ&ﬁu%m data packet of the first type

_manner for identifying the bus interface, and
the at [gggg third address information of each data packet of the second

the second unpartitioned manner fgr identifying at least one authorized function.

13.  In a computer system having a bus controller, at least one bus signal
distributor, and at least one peripheral, wherein each peripheral has a bus
interface and at least one function, each bus interface being coupled to a bus
signal distributor, and each bus signal distributor being coupled to another bus
signal distributor, except for one of the at least one bus signal distributor which is
coupled to the bus controller, a method for operating the computer system, the
method comprising the steps of:

a) authorizing a management transaction with either a bus signal

distributor or a bus interface to dynamically confiaure the bus sianal

tor/interf: in accordance with the manner in which the bus sianal

provided using a token
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addr%ﬂ%ﬂiﬂhﬂlﬂ@“ en packet of the third type and fu '
‘not i t ces' peripherals. 17. The conpu eREEWW%ESﬁEET

forth in claim16, wherein the nethod further
- 41 - conprises the steps of; _ 3g0) transmittingjePather
packet of a first type to an aut hor i zed bus signal dis
by the bus packetaflefirshtype batle pas kettrofer sorsauthorzihy ped4dta tearisaction with
authorized function by either the bus controller or a second authorized
function, ta&umefion paitige token packetieh2 istrend fype byntherbis ¢<mtrolleemert¢keg

whet her the data packet is_of the first or the second t%/ t he data_ packet
furt her packet having identification information identifying whether the token packet is of

the first type or the second type, and the token packet further having -aer first

address jnformation of gither a first type #
-an-address-of- a second type ift-tho-teken-packetis-ofthe-second-type , wherein
if the -address token packet is of the first type, the first address information is
decoded in a partitioned manner includipg a first portion fof address-having-a
first-pertion- identifying a bus signal distributor, and a second portion for
identifying either the identified bus signal distributor_as the authorized bus signal

_distributor or a bus interface coupled to the identified bus signal distributor gs
the authorized bus interfage, and if the address is of the second type, the first
address jnformation is decaoded in an unpartitioned manuer for -eddress for
identifying a first function_ag the authorized function;

b) receiving the token packet by the at least one bus signal distributor and

the at least one bus interface in a substantially serial manner in accordance to
the manner they are coupled to each other, with each of the at least one
receiving signal distributor forwarding the token packet to each of the other bus
signal distributorfinterface coupled to the receiving bus signal distributor; and
c) notifying one of the at least one function by one of the at least one
receiving bus interface if the token packet is of the second type, the notified
function being the addressee of the token packet of the second type and a

function of the notifying bus interface’s peripheral.

14.  The computer system as set forth in claim 13, wherein the method further
comprises the steps of:

d) transmitting either a data packet of a first type t0 an authorized bus
signal distributor/interface or a data packet of a second type to an authorized
function by the bus controller, the data packet having identification information

identifying whether the data packet is of the first or the second type, the data
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haV| tion of either the first type decfdgghi
'partm jmr“"‘ mgﬂ i dentifying the authorized buys |gnaLfA %ﬂlsﬁcﬂ
di st utort tetfcae if the data packet is of the fir tDarré/pl G_dJPRtlm

'second type decoded in the second unpartitoned nmanner
second aut horized function if the data3packet is of the second type

h) receivin the east. pne hus al . dlstrlbutor and
the at | east af)chngtg?rrt ﬂ?%\hﬁgcg M@B’g M@&‘?a‘% n&lihesa first type
accordance I cd4R8 iFRABM st DS¥itidh&d f 11105‘9%, tﬁ’erﬁg_\i Bg%g %rﬁéﬂéﬂﬁﬁg %aﬁcﬁh@opfaz t he
at | east on€ rtecerving srgnal drst

each of the gth_g_m&nmer@mthéiuéﬁarpéakbpfs/dmﬁ@rfsiiwpé?%éﬁgdh%ésh&we

recei ving bus signa I'stributor not|fy| ng one of the &
lleast two fsecbhdigpedepndedfin i 0y hecr i Btﬁé'%até‘bﬁélﬁé’tq@%f' f

the data packet is of the second type “the unction being t
addr essee ofthelsecdaddypaecket of the second type and a

e) receiving the data packet by the at least one bus signal distributor and
the at least one bus interface in a substantially serial manner in accordance to
the manner they are coupled to each other, with each of the at least one
receiving signal distributor forwarding the data packet to each of the other bus
signal distributor/interface coupled to the receiving bus signal distributor; and

f) notifying one of the at least one function by one of the at least one
receiving bus interface if the data packet fs of the second type, the notified
function being the addressee of the data packet of the second type and a

function of the notifying bus interface’s peripheral.

15.  The computer system as set forth in claim 13, wherein the method further

comprises the steps of. .
d) transmitting a data packet of ihe a first type to the bus controller by an
authorized bus signal distributor/interface or transmitting a data packet of the a
second type to the bus controller by an authorized function_the data packet
having identification information j ifving wi th t t is of the first

ort the data packet further having se.

of a first type decoded in the first partitioned manner for identifying the bus

] ifvi he bus controller;

e) receiving the data packet by the transmitting function’s bus interface,
and forwarding the data packet to the bus interface’s coupled bus signal

distributor, if the data packet is of the second type;

f) receiving the data packet by zero or more intervening ones of the at




functlon of fy| ng bus interface's peripheral. T
sys i‘mﬂml n claim 16, wherein the method f dr FREVACTEHENT SHEET t jhe
ste transmtting a data packet of the g‘)lrst type to th
bus confro‘ller by an authorized bus signal distribut @Rt le APR1998-
transmtting a data packet of the secawmd-type to either the bus contror er
or the first authorized function by the second authorized function;

- 42 - least one bus signal distributor in a serial manner in accordance to the manner

they are coupled, with each of the receiving bus signal distributor forwarding the
data packet to the upstream bus signal distributor; and
g) receiving the data packet by the bus signal distributor coupled to the

bus controller and forwarding the data packet to the bus controller.

16.  (New) The computer system as set forth in claim 13, wherein

the computer system has at Jeast two peripherals, each of the at least two
peripherals having a bus interface and at least one function;

the method further comprises the steps of:

d) authorizing a data transaction between two functions of two of the at
least two peripherals using a token packet of a third type by the bus controller,
the token packet having identification information identifying the token packet as
being of the third type, and the token packet further having Jwo second
address. g€ information of the second type d¢

manner for identifying the two functions;

e) receiving the token packet of the third type by the at least one bus
signal distributor and the at least two bus interfaces in a substantially serial
manner in accordance to the manner they are coupled to each other, with each
of the at least one receiving signal distributor forwarding the tbken packet of the
third type to each of the other bus signal distributor/interface coupled to the
recelving bus signal distributor; and

) notifying two functions of the at least two peripherals by two of the at
least two receiving bus interfaces, the two notified functions being the
addressees of the token packet of the third type and functions of the notifying

bus interfaces’ peripherals.

17.  The computer system as set forth in claim 16, wherein the method further
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a packet by the transmtting sege+d r L ‘?S@IEE
iﬁmmﬁ IH ﬁardl ng the data packet to t he bud bus

if the data packet is of the segpnd ty])es APR 1938 |
'I’ECEI ving the data packet by zero or nore interveni h Delfesof -~ THE 3i L Hast
one bus signal distributor in a serial-mmner in accordance to the nmanner
they are coupled, with each of the receiving bus signal distributor
f orwar di ng domepriedsaiHeastepls ¢f0 t he other bus signal distributor/interface
coupled to the receiving bus signal distributor; and g) receiving
the data packet g)transinitting kithbus dataypatkedios arfiriu gpé 16 SRRh AR R d Bgsbus
controller and forwardi ng the data packet to the bus controller, by the
bus i nt er f signalidigiobatonintarfacedsy thehtmusatordfolither &iduts paukéthflaZ%bcfdmCt Ion

and not i fy| ng the first authorized function.
type to a first authorized function by either the bus controlier or a second

authorized function, the data packet having identification information identifying

whether the data packet is of the first or the second type, the data packet further
having A address information of either the first type decoded in the first

function if the data packet is of the second type;

h) receiving the data packet by the at least one bus signal distributor and
the at least one bus interface in a substantially serial manner in accordance to
the manner they are coupled to each other, with each of the at least one
receiving signal distributor forwarding the data packet to each of the other bus
signal distributor/interface coupled to the receiving bus signal disiributor; and

i} notifying one of the at least two functions by one of the at jeast two
receiving bus interfaces if the data packet is of the second type, the notified
function being the addressee of the data packet of the second type and a

function of the notifying bus interface’s peripheral.

18.  The computer system as set forth in claim 16, wherein the method further
comprises the steps of:

g‘ d) transmitting a data packet of the first type to the bus controller by an
authorized bus signal distributor/interface or transmitting a data packet of the
second type to either the bus controller or .2 the first authorized function by &~

the second authorized function;
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e) receiving the data packet by the transmitting second function's bus
interface, and forwarding the data packet to the bus interface'’s coupled bus
signal distributor, if the data packet is of the second type;

) receiving the data packet by zero or more intervening ones of the at
least one bus signal distributor in a serial manner in accordance to the manner
they are coupled, with each of the receiving bus signal distributor forwarding the
data packet to the other bus signal distributor/interface coupled to the receiving
bus signal distributor; and

g) receiving the data packet by either the bus signal distributor coupled to
the bus controller and forwarding the data packet to the bus controller, or by the
bus interface disposed on the peripheral of the first authorized function and

notifying the first authorized function.
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