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(57) Abstract

Circuitry and complementary logic are provided to a bus controller (14), a number of 1:n bus signal distributor (18), and a number of
bus interfaces (22) of a hierarchical serial bus assembly for the bus controller to dynamically detect and manage the interconnection topology
of the serial bus elements. The serial bus assembly is used to serially interface a number of isochronous and asynchronous peripherals to
the system unit of a computer system. These circuitry and complemenmy logic support a hierarchical view of the serial bus elements (16),
logically dividing the hierarchy into multiple tiers. This logical view of the serial bus elements is used by the bus controller to detect the
presence of interconnected serial bus elements and the functions of the bus agents, i.e. the system unit and the interconnected peripheral,
as well as assignment of addresses to the serial bus elements and the functions, at power on, reset, and during operation when serial bus
elements are hot attached to or detached from the serial bus assembly. _




viaeo, and the like. These interrel ated considerations incl ude:

Connecti on 8¥O96i876%®| ephone to the Desktop Conputer PCT/US95/14242 | S
expected that the nerging of conputing and communi cation will be the
basis of the next generation of productivity appl i cations on deskt-op
conputers. The novenent of machine oriented and human oriented data
types fromone | ocation or environment to anot her depends on
ubi qui tous and cheap connectivity. Unfortunately, t he conputing and
conmuni cation industries have evol ved ﬂndependently As a result, a
wi de range of desktop conButer and t el ephone interconnects have to be
support ed. M8 anficallyoDatermining \ikndcMarvaging Connection -
PCT/US95/ 14242 g ol f An Hierarchical Serial Bus As

The lack of flexibilify CONTTgurIng desktop conputers as been
acknow edged as its AChI||€S heel to it's further devel opnent. The

conbi nation of uBACKGROUND OF TpiE INVENMEONf aces and the hardware
and software nechani sns associated wth the new generation of system

_ 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.

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

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, a2 wide range of desktop computer and
teléphone interconnects have to be supported.
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bus architectures have made desktop conputers l'ess confrontational

and. easwWe96fld épeconfi gure. However, from the enduser poi MRCTAISISi1eas2 t he
desktop conputers I/O interfaces such as serial/parallel ports,

keyboar d/ nouse/ joystick interfaces, still lack the attributes of plug and
play or too limting in terns of the type of I1/0O devices that can be live
at t ached/ det ached. : Port Expansi on

- The addition of external peripherals t% desktop conputers continues to

be constrained by port availability. 5 lack of a bi- di rectional,
| ow-cost, lowto md speed peripheral bus has held back .the :
proliferation of peri lack of iflexibildy ép eerfiguingudrsitop spmputers

answering mgligimn a&é‘rﬁﬁﬂéﬂéed BRI iFPABhilIES Hgkfto ﬁ%smfﬁthé%%vé Ripfent.
keyboar ds, erconnects are optim zgd for one or

K poi nt " pr g e binaton 2t wsge AMeAly Grennge leiianas 290 1ad Hararey '« ho
deskt op conmpatesoftwarpimachanismseagsociated avith thasndegemiebtioredf systeddr ess

t hi s need. b i
expect ed. 1 oPUS architestyres haye plebiedo o St Bet &R f.%?“tétfﬂda"“t hous e
rel atively aod/eqswdo reconfigureocHawpyer, fos the endum@ato view, ake keyboar d,
nouse, styl BéskﬁP%m? ter89/0 ﬂjﬂﬁgﬁbés skbh taﬁaéerfaﬁéhi’élbél gpher als, and

nonitors

h
devi ces sucf‘r Koargfmpuse/joyspglxmtp%%e aﬂ@ lef:lﬁél',\e éﬁﬂgﬂteéec?ﬁb@aglasoc ronous

mul tiplicitplayfortoblintiting in térms of thdaype e /@ devizps thatdanbééveonnect ed and

active at t et the latter type of devices are
provi ded wi ?ﬁaéﬁg&gh @&qaat enci esyand " bandwi é!tohs' Furthernore, the ‘

devi ces are expected to be hot attached and detached, with the seri al
I nterface being - able ly reconfigure |tself wi t hout
interrupting operatio eskt op

The addmon of external ngnpherals to desktop computers.
continues to be constrained by port avai ilability. The lack of a bi-
directional, low-cost, low to mid speed peripheral bus has held back the
proliferation' of peripherals like telephone/fax/modem adapters,
answering machines, scanners, personal digital assistants (PDA),
keyboards, mouses, etc. Existing interconnects are optimized for one or

. two point products. As each new function or capability is-added to the
‘desktop computer, typncally a new interface has been defined to address
this need.

In other words, this desired serial bus is expected to
provide low cost simultaneous connectivity for the relatively low speed
10-100 kbps interactive devices such as keyboard, mouse, stylus, game
peripherals, virtual reality peripherals, and monitors, as well as the
moderate speed 500 - 5000 kbps isochronous devices such as ISDN,

"PBX, POTS, and other audio devices. A multiplicity of both types of

" devices are expected to be connected and active at the same time, and
yet the latter type of devices are provided with guaranteed latencies and
bandwidths. Furthermore, the devices are expected to be hot attached
and detached, with the serial interface being able to dynamically
reconfigure itself without interrupting operation of the desktop computer
system.
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There are several technologies that are comonly - considered to be
serial buses for connecting peripherals to systemunits of conputer
systens. Each of these buses is designed to handle a speci fic range of
communi cati ons between systemunits and . peripherals. Particular
exanpl es of these buses include: . Appl e Desktop Bus
(ADB): ADB is a proprietary bus of Apﬁpe Conmputer Inc. It is a

m nimalist serial bus that provides a sinple read/wite protocol to up
to 16 devices. Only basic functions are required of the controller and

:nt er Lglce har dX/are Thus, tihre are sbwiatm:ﬁ;ltlogesctﬁéttawe%mmﬂ dtto be
OoWw. wever , a rates on enoug
to comuni cat e V[;@?ﬁé"%?eé &%ﬁl"@ﬁbﬂ?%@ %BO@&@SF’B%E%?@ sk'étjjaﬁ%éﬁngg and
mouses. |t is noof computensystemsf Eaaimnfttaae@mrsgswﬂpsgnedgohmdlmaerate
speed i sochr onougpecific rdfyé oF LofimGHRaRohEBEWEEN system units and

peripherals. Particular examples of these buses include:

Apple® Desktop Bus (ADB): ADB is a proprietary bus of

Apple Computer Inc. It is a minimalist serial bus that prdvides 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 90 kbps, just enough to communicate with
asynchronous desktop devices such as keyboards and mouses. |t is not
capable of simultaneously supporting the moderate speed isochronous
devices discussed earlier.

Access bus (Ab): A.bis developed by the Access.bus
Industry Group. It is based on the 12c technology of Philips Corporation
and a software model of Digital Equipment Corporation (DEC). A.bis
also designed primarily for asynchronous devices such as keyboards
and mouses. However A.b is generally considered to be more versatile
than ADB. A.b"_s protocol has well defined specifications for dynamic
attach, arbitration, data packets, configuration and software interface.
Moderate amount of functions are required of the controller and
interface hardware. Thus, the implementation cost is only marginally
competitive for the desired desktop application. While addressing is
“provided for up to 127 devices, the practical loading is limited by cable
" lengths and power distribution considerations. Revision 2.2 specifies
the bus for 100 kbps operation, but the technology has headroom to go
up to 400 kbps using the same separate clock and data wires.
However, at 400 kbps, A.b still falis short in meeting the requirements of
the moderate speed isochronous devices.



Access.bus (A b): A b is devel oped by the Access. bus Industry G oup.
It is bd¥@A6/BIT62 he 12C technol ogy of Philips Corporation PCT/USASEH2a2

sof tware nodel of Digital Equipnment Corporation (DEC). Ab is al so
designed primarily for asynchronous devices such as keyboards and
nouses. However A.b is generally considered to be nore versatile - than

ADB. A.b's protocol has well defined specifications for dynamc

attach, arbitration, data packets, configuration and software interface.
I\/bderate anount of functlons are requi r8d of the controller and

i nterface hardware. Thus, the I mpl errent at [ on cost. I s onI y margl nal ly
conpetitive for the delBER'S g O plire}:ng i s
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PCT/ US95/ 14zaszd|fferenttal pairs of clock and data signals. Thus, it is capabletof
simultaneously meeting the requirements of low speed interactive as
well as moderate speed isochronous devices. 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 specification, are only just becoming available in the market.

The Concentration Highway Interface (CHI): CHi is -
developed by American Telephone & Telegraph Corporation (AT&T) for
terminals and digital switches. It is a full duplex time division |
multiplexed serial interface for digitized voice transfer in a
communication system. The protocol consists of a number of fixed time
slots that can carry voice data and control information. The current
specification supports data transfer rates up to 4,096 Mbps. The CHI
bus has 4 signal wires: Clock, Framing, Receive Data, and Transmit
Data. Both, the Framing and the Clock signals are generated centrally
(i.e. PBX switch). Thus, it is also capable of simultaneously meeting the

- requirements of low speed interactive as well as the mdderate-speed_
isochronous devices. Similar to FireWire, elaborate functions are also
required of the controller and interface hardware. As a result, CHI is
also non-price competitive for the desired desktop application.

As will be disclosed in more detail below, the present
invention provides the desired serial bus assembly, including its
associated controller, bridging connectors and interfaces, that
advantageously overcomes the limitations of the prior art serial buses in
a novel manner.

v



I EiEE s P1394 Serial Bus Specification (aka FireWre): FireWre is a
hi gh perfor P¥R®&13%6Pi al bus. It is designed primarily for PATAHS9SH8230

ard vi deo peripherals, which may- require bus bandwi dth in excess 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, it is capable of

simul taneously neeting the requirenments of |.ow speed interactive as

wel | as noderate speed i sochrionous devi ces.™Fowever, el aborate

functions are requi red of t he controller and i nterface har dwar e,

renderi ng Fi reW oL VNN t | ve for the desired desktop
application. Moreover, the fi rst generat i on of devices, based on
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the O ock si gnal oeheorgiseand asymshronels penEhera(ls t@thdBystem Uaft)of aThus, it

spead | ntof act | vEOTDMEH YRR, Preckoahe My B compeEMyt BRI Sisborl A
Simlar to FireWiesarchiceview of thensetiahbusieteraents, logicallyedjvidingithe t he
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conpetitive for fhe (ﬁrre |1

I ca
be di sclosed in {PHSedRY e b H§I°9Wr°{'?fpetp°p¢%t§€hfhe presence of interconnected
serial bus elements and the functions of the bus agents, i.e. the system

unit and the interconnected peripheral, as well as assignment of
addresses to the serial bus elements and the functions, at power on,
reset, and during operation when serial bus elements are hot attached -
to or detached from the serial bus assembly.

Typically, the bus controller is disposed in the system unit,
and the bus interfaces are disposed in the connecting peripherals, one
bus interface per connecting peripheral. The peripherals, through their
bus interfaces, are connected to the system unit, through the bus
controller, using one or more bus signal distributors disposed in the
system unit, stand alone bridging connectors and/or the connecting
peripherals. A bus interface is always a termination point. Only a bus
signal distributor may have one or more bus-signal distributor(s) and/or

" bus interface(s) connected upstream to it. Together, the system unit, the

~ serial bus elements, and the peripherals form an hierarchy of
interconnected devices, with the system unit.and its bus controller
logically occupying a root tier, the first bus signal distributor connected
to the bus controller logically occupying tier zero, the bus signal
distributor(s) and/or the bus interface(s) and its/their "host" peripheral(s)



I nvention provides the desired serial bus assenbly, including its
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advant ageously overcones the limtations of the prlor art serial buses in

a novel manner. WO 96/ 13769
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SUMWARY OF THE | NVENTI ON . ' The present invention includes
circuitry and " conplenentary logic provided to a bus controller, a
nunber of 1 :n bus si gnal dlstrlﬁhtors and a nunber of bus

I nterfaces of an hierarchical seri al’ bus assenbly for the bus

control | er conageteditodhe firstcbus signalidistributontngicallyt drcupying tiemore.t i on

t opol ogy of aha%os@ﬂhahna% Bhgments. The serial bus assenbly is used
to serially 1nt ace a nunber of i sochronous and asynchr onous

peri pherals to the systemunit of a conputer system These circuitry
and conpl enentary | ogiAcconmeatirig pévipheral niayehseatanhsoMronbawmfart he seri al

Thi s 1 og carSYreteiRls hetbhpal “ritfumare , BoRnebhng pefibBafhap s,
control | er adndiirfenctionpepipbetalcice.omuitiple furnticastbeing mapped to a
single bus connection point serviced by a single: bus interface.

At power on or reset, using the hierarchical View, the bus
controller systematically detects the presence of the serial bus elements, '
and the functions of the interconnected peripherals, one logical tier at a
time. As the presence of a serial bus element is.detected, the bus
controller assigns a geographical address to the serial bus element.
Additionally, the bus controller systematically assigns a logical address
to each function of each interconnected peripheral. Preferably, a bus
signal distributor identity and its upstream port may be inferred from the
bus signal distributor's assigned geographical address. Furthermore,
the connecting bus signal distributor of a bus interface, including the
connecting port, may be inferred from the geographical address
-assigned to the bus interface.

Slmularly, during operation, using the hlerarchlcal view, the
bus controller systematically detects live attachment and detachment of
serial bus elements, including the functions of th_e newly interconnected
peripherals, one logical tier at a time. As the detachment of a serial bus
element is detected, its geographical address is deassigned. If the
detached serial bus element is a bus interface, the bus controller aiso
'deassigns the logical address(es) assigned to the function(s) of its "host"

" peripheral. Similarly, as the presence of a newly interconnected serial
bus element is detected, the bus controller assigns a geographical
address to the newly interconnected serial bus element.. If the newly
attached serial bus element is a bus interface, the bus controller also
assigns a logical address to each function of the newly attached bus
interface's "host" peripheral.



serial bus el errents and the functions of the bus agents, i.e. the system
unit and the WOPHIT6hnect ed peripheral, as well as assignnent &CI/USIS14242
addresses to the serial bus el ements and the functions, at power on,
reset, and during operation when serial bus elenents are hot attached

to or detached fromthe serial bus assenbly. Typi cal ly,

the bus controller is disposed in the systemunit, and t he bus

i nterfaces are disposed in the connecting pe?jpherals, one bus
pheral s, through their

i nterface per connecting perlpheral The per
bus interfaces, I nit, through the bus

controll er, usi ng=tre-e z ek , Lo |butors di sposed in the
systen1un|t st and alone brldglng connectors and/ or the connecting

B onal drstri butor hQ;eLL?Z‘?Bhfe-ré’%&ﬁdﬁ@%ﬁ&ﬁ SRS R3BBEE by BBy 8 ant o
ggfi ;lnt gLfsagF(efrza mpﬂp\g&%ﬁﬁlﬁﬁr@zﬁ?{qgmnwljlu%ﬂ:?tgenzy;ttbm unit, the
i - ic eI e te 'simil

i nt er connect ed deV| ces stem unit us contro '
| ogi cal |y occupyi gm@f\t%oand jrewhighie first bus signal distributor connect ed

to the bus controller |ogi CFideeOPﬂw%YﬂaMs hheéxe?ﬁpla bbmdwér 5}'&@#{
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PCT/ US95/ 14242 - ‘Figures 2 illustrates one embodiment of the serial bus
assembly of Figure 1 in further detail;

Figure 3 illustrates a master/slave mode! 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 polling 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/slave
model of flow control; |

Figure 7 illustrates one embodiment of the cables

- physically connecting the serial bus elements under the present
invention; :

Figures 8-9 illustrate one embodiment of the bus
controller 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;



- 6- connected to the first bus signal distributor |ogically occupying *

tier on®096/1376%nd so forth, and so forth. PCT/USOSh &g necting
peri pheral may be an isochronous or an asynchronous peri pheral.
Furthernore, a connecting peripheral nay be a nmulti-function

peripheral, i.e. nmultiple functions being mapped to a singl e bus.
connection point serviced by a single bus interface. At
power on or reset, using the hierarchical view, the bus controller
systematically detects the presence of -8he serial bus el enents; and

the functions of the interconnected peripherals, one |ogical tier at a

tinme. As the presence Bigurests ilhistiates ahehierdrchicatieleec bt the sbfabbss

control l er aggj ' r ; ' I nt.
gty Bt AROBFSARAL FlenfHl ol 8 ) B HULLoMAF 1GH ™

Addi tionally “bus control [ er systen assigns addr ess
to each fundet8ANING 808 MAnegiNEERNNASHOPLOPRIRGYAl . Preferably, a bus

L7 LT bt e o st estns B il o0
t he connect ﬂhé pﬁﬁge%ti 'grentiqy) Bga?mggggdﬁgé%@i bUs @4emaats farnci udi ng t he
connect i ng gigtermining ardimaraging conaectidre tepuigyy abipower asidoe feset,

oot ot on. _SIEIOVIAR 8 fibtdiEfical yiew of serjal bus elemgef) O ¥ ' "
systematical |y det ect Figuye 1% dlustiaies therepligstive methodosteps of theri al  bus

el enents, i présshtrigvemeord parbt f ' -
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at { . As t
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det ached serial bus element is a bus interface, the bus controller also
deassi gns t IW0|96437168] address(es) assigned to the function(s) ROT/USS/143¥2St "
peripheral. Simlarly, as the presence of a newy. interconnected serial

bus el enent is detected, the bus controttlerassi-gns-+a geographical

address to the newy interconnected serial bus elenment. If the newly
attached serial bus elenent is a bus interface, the bus controller also
assigns a logical address to each function of the newly attached bus

interface's "host" peripheral . WO 96/ 179769
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DESCRI PTI ON OF DRENAIGED DESCRIPTION The present invention will be
descri bed by way of exenpl ary embodi nents, but not limtations,
illustrated in the = acconpanying drawings in which |ike references
denote sinilar el enent® the fellowingglesgription for purposes of explangtiea. 1

i[lustrates an exgasifienunisETBUirRite 51§ @@ configuraticsP@iedddtiornhhe or@ér &  bus
gﬁgcg'nggzi (r)rfent hgppr'\ﬁéee %tet,hbgc}/fﬁ]'gﬁgérstanding of the present invehtions Iglobvlel\zg?,ti{ ates
will be apparent to one skilled in the an that the present invention may
be practiced without the specific details. In other instances, well known
systems are shown in diagrammatic or biock diagram form in order not

to obscure the present invention.

Referring now to Figure 1, a block diagram illustrating an
exemplary computer system incbrporating 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. Peripherals 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 signal distributors 18,
bus interfaces 22, and cables 20 form a serial 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, cables 20 are capable of
' -s‘upporting data transfer rates up to 5§ Mbps. Furthermore, when such

low cost cables 20 are employed, electrical signals are preferably
propagated over the two signal wires 48 and 50 between the
interconnected devices 14, 18 and 22 in a differential manner. For
examples, a negative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit. For some embodiments,



assenbly of Figure 1 in further detail; Figure 3

i || ustr We96/8376st er/ sl ave nodel of flow control. enplrayaisoiy42une
present invention for serially interfacing the i nt er connect ed
peripherals to the systemunit and controlling transaction flows;
Figure 4 illustrates a franme based polling schedul e of the pr esent

i nvention inplenmented by sone enbodi nents for polling the sl ave

"devi ces"; Figure 5 i) | ustrates geographical and | ogical
addr essi ng of the present inventidH}inplenented by. sone enbodi nents
for- addressing serial bus elenents and functions of bus agents;
Figure 6 il |datarankcontiel statasnateafuribies infetreddfom the edestricali sighalsh packet s

of the IOreSe%ltéd&@tﬁié@&n&/ﬂ?'o%?ﬁ%rﬁeﬂﬁa?ﬁ@iﬂ rin;engﬁsma'{%gﬁé s for

conducti ng transacﬁlons enBI oyl n ster/sl ave | of flow
control ; - electncally represe 'Pf%l?r g” cppirgkstatgs Withrvotiagg sHiatasnanaier  he
cabl es sigpal daratipng 98 lestiibed il ¢he edbhtdmpomneotsitiled ndinge present

[ tion; L . ' = trate o odi ment” of the
bus. " cont r RPRiCalPn, Aerialuwpkb? BRGSAE aiteb el dd AnBCRSRdiER,

sof t war e; For Serial Bus ElemenrtsgOf & Widrarchidal Sariad Busohie Hedtddalient of t he
1 nb . . . ; . . : 1
por t o roui ¢ FgDtetaRt Dok Wnd UbRtroPpiator TB"ERHOmel WHicP b hEREYHLS | 2
of the bus Incorposated: By kefgrendee present invention including its connector
circuitry, _

Except for bus controller 14, system unit 12 is intended to ‘
represent a broad category of system units of. computer systems whose
constitutions and functions are well known, and will not be otherwise
further described. Similarly, éxcept for bus interfaces 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 describéd,in more
detail below with additional references to the remaining figures.

Figure 2 illustrates one embodiment of the serial bus
assembly of Figure 1 in further detail. For this embodiment, serial bus
assembly 26' includes. serial bus controller 14, standalone 1:n bus
signal distributor 18a, integrated 1:n bus signal distributor 18b, and bus
interfaces 22a - 22f. The serial bus assembly 26 interconnects bus
agents telephone 16a, compound keyboard 16b including keyboard,
pen and mouse functions, monitor circuitry 16¢ of monitor 28, speakers

" 16d-16e and microphone 16f to system unit 12. Together, the system

" unit 12, the serial bus elements 14, 18a-18b and 22a-22f, and the
interconnected peripherals 16a-16f form an hierarchy of
interconnected devices. ' '

Under the present inventio_n, a bus interface 22a - 22f is
always a termination point. Only a bus signal distributor, e.g. 18a, may
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- 8- WO096/13769 Figure 14 illustrates an hierarchical viRGF/GI95H#42
sqrial bus el ements of the present invention enployed by the bus
controller for determ ning and nanagi ng connecti on topol ogy;

Figures 15a-15c illustrate the collective nethod steps of t he present
linvention performed by the serial bus elements for det erm ni ng and
managi ng connection topol ogy at power on or reset, enpl oyi ng t he

hi erarchi cal view of serial bus el enents; -11- ' Figure 16

illustrates the collective method steps of the present invention
performed by thehe¥piane pumase dusrsignalgdistiibutyeng.g. 18b, andirrcenaar mgiél ogy

during operationpys interle866 13 488, coupled upstream to it. For the purpose of this
PCT/ US95/ 14242 , .
disclosure, upstream means "towards the bus controlier". "hus, except
for the degenerate case where the serial bus assembly 26 has only one
connecting peripheral 16, typically it is a bus signal distributor, such as
18a, that is connected upstream to the bus controller 14.

" Furthermore, under the present invention, a connecting
peripheral may be an isochronous peripheral, such as telephone 16a,
speakers 16d-16e, and microphone 16f, or asynchronous peripherals,
such as compound keyboard 16b and monitor 16c. 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. multiple 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
support 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 master/slave
mode! of flow control. The bus controller 14 serves as the master, and
the signal bus distributors 18 as well as the bus interfaces 22 behave
as slave devices to the bus controller 14.

Under the master/siave model, the bus controller 14
provides flow control for all data communication transactions between
the bus agents at their resp'ective 6perating 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



DETAI LED DESCRI PTI ON In the foll owi ng description for

pur poseswWoP6axi6P anat i on, speci fic nunbers, material PoIVUEIS/14242
configurations are set forth in order to provi de a t hor ough

under st andi ng of the present invention. However, it wi || be apparent
to one skilled in the art that the present invention may be practiced
W thout the specific details. In other instances, well known systens
are shown in diagrammatic or block diagramform.in order not to
obscure the present invention. F@r archical Serial Bus Assembly for
Serially Interfacing |Isochronous and Asynchronous Peripherals to a

System Unit &pollediptpdoeso lsytheehus controller 14. The bus siBeakdistrioytorswy t o
Figure 1, a hbﬁdfvélsﬁ% :bHéF&%HlﬂHo%‘ They aﬁ%@b@é YafsiBihe System

I ncor por atin serla t eacC I nvention is

shown. Exenpfang u'&weﬁatamwuma ion trwlpségrgmdwm by 1® havi ng

serial bus Cbn*srd@'nh@lleﬂﬂ(zfndﬂ\% i€ FR8kaces 22 dh/BéhalfJBf the bis igentd. gnal
di stributors .nvent | orts 24,

t he
and peri pher Zﬁg%@"%&% lqtrﬁt?tgpfsdag;leyfr@ptwely P%’ﬁ@pﬁﬁ %?31 nvent i on.
Peri pheral s e¢6manenicatign transacthms @coepbtiatarorlrespond with dgtg.em unit 12
through 1 :n bus signal distributors 18 and preferably cabl es 20.

Cbllectlvely, bus controller 14, bus signal distributors 18, bus
interfaces 22, and cablT&e bus eontrolierskd systematically pafis yhe functions of

;22 ﬁr ggﬂgfct {HROirerconaeBlcy penaqe@sst:srfhrbugh ﬁ%nﬁsﬁls nﬂéﬁae@é 2bFof6 to

bly. I tt |
wires cabl esdata comgunication '(rﬁgs?‘?qlq@t'f’aﬁ o %ﬁ 3"' Ogﬁﬁé‘i ec\é\ﬁl legg?'

are capabl e which guarantees latencies and bandwidths to the nsochronous
functions of the interconnected peripherals 16. Polling of the
isochronous functions of the interconnected peripherals 16 fordata
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 interconnected peripherals 16 through
their bus interfaces 22 for data communication transactions are
scheduled around the polling of the isochronous functions of the
interconnected peripherals 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 interfaces 22 further engage in
connection management transactions employing the same master/slave
model for flow control. Similarly, the bus controller 14 provides flow
control for conducting the connection management transactions at the
" serial bus elements' respective operating speeds. The bus signal
* distributors 18 and the bus interfaces 22 respond to the connection
management transactions, replying with control/status information as
appropriate. The bus controller 14, during operation, polls the bus .
signal distributors 18 and the bus interfaces 22 for such transactions. |
Poliing of the bus signal distributors 18 and the bus interfaces 22 for
connection management transactions are also scheduled around



supportl ng data transfer rates up to 5 Mops. Furthernore, when such

| ow cost cabWV@P676qre enpl oyed, electrical signals are pref erREANSIS/I4242
propagat ed over the two signal wires 48 and 50 between the

i nt erconnected devices 14, 18.and 22 in a differential manner. For

exanpl es, a negative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit. For sone enbodi nents,
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and control states are further inferred fromthe electrical signals'

vol tage states aRQlisg fthatiserhyonaupdunctiansef thegniareenrected nﬁrlpherals

el ect Ir l gal | %/ repn_esreﬁaa@bemwh@mrf ﬂhn?é@ﬂdﬁ% VPFé?ekéHI)]E etlge és@paneegand/ or
signal durations i SCr cont enpar.a i | ed.caopendin
application, ser Pgﬁ U?PE’@ 898?53%5 ?a@ﬁ?qu)?gﬁ%%ﬁﬁeﬁﬁf‘ §r§FU‘? S
For Serial Bus Ebetuallypreébemtn Hi erarchical Serial Bus To Electrically
Represent Data And Control States To Each Qther, which is hereby fully

i ncor porated by reference. Except for bus controller 14,
systemunit 12 is intended Figure 4 ilusifatese frame brsed podingysehediling et the

units of conput eprgaetit SFentidPSithplemented by some embodiments for conducting
the various transactions employing the master/slave model of flow
control. As illustrated, the polling schedule 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 polied
.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 polied
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 polling are preferably
performed within a second percentage portion (P2) of a soft frame 32 to
ensure reliability of operation. Multiple soft frames 32 are employed if

' necessary to accommodate all asynchronous function and serial bus
~ element pollmg The upper delimiter (M2) of P2 is also referred to as
the frame watermark -

Various manners in which such a trame based polling
schedule may be dynamically generated and updated, are described in
the contemporaneously filed copending application, serial number



constitutions and functions are well known, and will not be otherw se
further WOHEMA3I8D. Sinmilarly, except for bus interfaces 2Zcrmsosniapal s
16 are intended to represent a broad category of desktop peripherals,

such as keyboards, nouses, nonitors, speakers, m crophone, t el ephones,
whose constitutions and functions are also well known, and wi |l not be
ot herwi se further described either. Bus controller 14, bus si gnal

di stributors 18 and bus.interfaces 22 mnll be described in more det ai
bel ow with additional references to the 4ena|n|ng figures. : '
Figure 2 illustrates one enbodi ment of the serial bus . assenbly of

Figure 1 in 08331727 carditled MethadchAadehppatatesnFor E)qn'amlcai%GeneratH@enbl y

26" includ | © Si |
T i 400 Pl S ol
i nterfaces 2batencies / "Q’iﬁa%'i"pﬁ'!s Bgdsgrs’b'emw FEBC'('WF@ avishris herebys

agent s t el eplitlgendémporatednsy fsfelendepar d 16b incl udi ng keyboard, pen
and rmouse functions, nonitor circuitry 1 6c of nonitor 28, speakers

16d- 16e and mcrophone 16f to systemunit 12. Together, the system
unit 12, the serial buElgumrrSnilssttateslgaengrabhmdi aﬁﬂalog&fal atittessing

|t er connect gfhhep Bt vent S 1PloEHBHAS BbenE BkdRhents for Nt ef connect ed

devi ces. I nven us i nterface

22a - 22f i saddresgingthe %ﬁftaélbh‘ﬁrﬁ%mﬁtsp@ﬂ@tfun@ﬂw of bussagentsalFafi st ri but or
e.g. 18a, mgase of eXflad@tidr/ e same exemplary serial bus assembly of Figure
PCT/ US95/ 142 2
is used. However, the bus controller 14 is labeled as Host, also ‘
referred to as HubO. The bus signal distributors 18a-18b. are labeled
as Hub1 and Hub2. The peripherals 16a - 16f including their
corresponding bus interfaces 22a - 22f are jointly labeled as Node0
- through Node6. The functions of penpherals 16a - 16f are labeled as

FNO, FN1, etc.

As illustrated, the serial bus elements and functions of the
bus agents are assigned geographical as well 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 upstream port of the Hub may be inferred from the GEO
ADDR of a Hub 14, and 18a - 18b, and the connecting Hub as well as
the connecting port of the connecting Hub may be inferred from the GEO
ADDR of a Node 22a - 22f. In one embodiment, the LOG ADDRes are
assigned to the functions of the Nodes 16a - 16f in a chronological

_ manner. ' ' -

For examples, in the illustrated exemplary application,
Hub1 and Hub2 18a and 18b are assigned the GEO ADDRes of
“"Hub1:Port0" and "Hub2:Port0" respectively, identifying the Hubs 18a
and 18b as "Hub1" and "Hub2" respectively, and in each case, the
upstream port being "Port0". Node1 and Node4 22b and 22e are



. :
-11- have one or nore bus signal distributors, e.g. 18b, and/or one

or nore WO643768t er f aces, e.g. 16a, coupl ed upstreamto i tPCTAGS95{1H42
pur pose of this di scl osure, upstream neans "towards the bus
controller”. Thus, except . for the degenerate case where the serial
bus assenbly 26 has only one connecting peripheral 16, typically it
Is a bus signal distributor, such as 18a, that is connected upstream
to the bus controller 14. Furt hernore, under the
present invention, a connecting periﬁﬁé?al may be an i sochronous

peri pheral, such as tel ephone 16a speakers 16d-16e, -and m crophone
16f, or asynchro%ﬁ@“ﬁgﬂﬁﬁrﬁ#@l-épbﬂes of "Huhi :Bent2oapd iHybRRYtRr d 16b and

moni tor 16¢. The regmsdiveRg dentifying 1he EoRRicling Hals ABY ahd@ 18bt &s aHUBi =
transfer rate as hldg,g_{@at,,é Nbé)é [ 3‘9@'['6 Qﬁ as nchrg%g)us .erll_ﬁ)hgrals
may oper at o vi t ha3dgAiub2 Fespedively. and tha connedingparls abepitising Hubs
Furt hernore, a cdBacartd 18b @y 1RUN2"adndltRor3" respectiédly nehhebfunetions of pl e
function periphe 4 L f i b i Hwe bus
connecti on point @gre\)i%&aﬁ%’y%&én@hgditﬂ?gﬁ%@pﬂ?s Ofmggg.’ W%lla?n% 'y,

al t hough not showhereas thg dingtionrnfiNadesdfe is assigaegbeiLQGIAPPR:ot | i ent s.

Figure 3 illustratgs.a master/slave nodel of flow control enpl oyed by
the present invention for serially interfacing the i nt er connect ed
peripherals to the systemunit and controlling transaction flow As

illustrated, the bus contr ¢referabil¢, tHeh@EO ADDRés anditihé LOGINDDBRES 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 more detail
below. - '

For these embodiments, the GEO ADDRes are used to
conduct connection management transactions among the serial bus
elements, 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, p'acket
identifiers 44 are employed to differentiate control packets from data
packets. Control packets are packets employed by the bus controller 14
to authorize or instruct the bus signal distributors 18 and the bus
interfaces 22 to engage in transactions. Control packets may also
include packets employed by the bus signal distributors 18 and the bus



and the bus interfaces 22 cooperate to inplenent. the mast er/ sl ave
nodel oW@P4¥76bntrol . The bus controller 14 serves as thBCRESIS4245nd
the signal bus distributors 18 as well as the bus interfaces 22 behave

as slave devices to the bus controller 14. : Under the
mast er/ sl ave nodel, the bus controller 14 provi des flow control for

all data conmunication transactions between " the bus agents at their
respective operating speeds. The bus iq erfaces 22 engage in data
comuni cation transactions on behalf of'fhe = - functions of the _
peri pherals 16. However, the bus interfaces 22 accept . or transmt data

only if theyinieriacesedd taackuowiedgesuthadzatianseer ingittctions fram Y byseo
'[DCI{ |U§g5§ 1t4?<-.4o§1troller 14.tI;urtlgermore,taddlr?sse'slﬁﬁ are e_r%ployed,as ?pé%pd_ _ ria_t% :

p Q_ SO, e bus controll er e -bus: sign stributors
16%erve st ripadegitydhe nsachot Brnist S8 withe Abhracisd iR undeEife or
gondui t s whemastiersiavemodeteat flow dontmodabeibusscenteolteriduas ed by t he

us controll . 0t ) n gents.
Thus. ¢ he bR HB berliipRlimad SesP6E sriody afigifererdt A dBtessOT 2
communi cat i JRAY beremdtedons, accept data or respond with data.

Preferably, transaction flows, such as from 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 émploying such _
communication packets to conduct the various transactions is described
in the contemporaneously filed copending application, serial number
08/332,573, entitled Method And Apparatus For Exchanging Data,
Status And Commands Over An Hierarchical Serial Bus Assembly
Using Communication Packets, which is hereby fully incorporated by
reference. ' : ' '

Figures 8-9 illustrate -one embodiment of the bus
controller of the present invention. In this embodiment, the bus
controller 14 includes a control state machine and circuitry 52,
control/status registers 54, data buffers 56, and bus controlier software
services 58. The control/status registers 54 are used to store the

“various control and status data. For examples, the serial bus elements

~ present, their interconnection topology, the functions of the various
interconnected peripherals, the geographical addresses assigned to the
serial bus elements, the logical addresses assigned to the functions of
the interconnected peripherals. The data buffers 56 are used to buffer
the data of the data communication transactions between the bus.
agents. The control state machine and circuitry 52 operates the .



3
The bus controller 14 systematically polls the functions of t he
i nt er connect NP Y7 heral s 16 through their bus interfaces 22 PET/USIS1424Rat a
canmruni cation transactions in accordance to a polling schedul e whi ch
guarantees | atencies and bandw dths to the isochronous functions of
the interconnected peripherals 16. Polling of the I sochr onous
functions of the interconnected peripherals 16 for data conmuni cati on
transactions are prioritized over for all other polling and as
frequent as they are necessary to neet the guaranty. Polling of the
asynchronous functions of the interconnected peripherals 16 through
thei r bus interf abardwaref gentalliag satawommaunisation dransections aadeemploying

schedul ed around {hacaile déderitled MAstEIAVO R b AGH Htrdlf uidét the

I nt erconnect ed. peri pheral s &Z f ata c m*runﬁcatlon tran§§1c | ons.
Preferably, the poOSraRmMing&dine bus coptrolier seityarsgemviaes; - Far some

i nterconnect ed pegmbbdments]theacontedll staw e@ehine and circuitry 52 further I n some
T or e MBS bR, cblifoRHS conpesBbfihnaligthbabutor s 10 and
transactions enplignsastions, sapiementingrtheimaster/slavermade! ofdtiow Icontrobwithol .
Simlarly, the bugamanbasdd Pblliﬁg ﬂh%ﬂbf@%ﬁh%%ng geo I‘A’b‘hféﬁtl) drief jogfeyiuct i ng
th_e connectl on nahagenent transactions at  the serl a us eI, ment s

respective oper atﬁ%@ﬁ@%@ﬂﬁﬂ@nﬁﬁo@%‘#ﬁ‘&qaﬁon pagked basgditransachondd t he
busI i nt erfaccﬁs Z%nwF?meheetdi?a@@an_d@dml states fronegiarexnbf tth@ansagt i ons,
replylng W t con at u LN rnpati,on,as . ap Qpr t us
oo Per 14, CoproRBoaliah dlacical SISy 18 apticuiar tRE BRALSY dnd HHia 115 ¢ 14
and the bus i nt erackineXdrduitry SQotausesrtbadiisocantroller 14R0l ¢aopprate with thes
signal distribut g4y & néPQisWtfhtBi-& r&n%l‘tfhgcﬁi?s ﬁﬁejfé’ées 22, ak@pefBmMe
rranagen”ent transacti o IS are al SO SC edul e al oun . . .
dynamic connection management steps of the present invention, which

will be described in more 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. - :

For a more detailed description of the bus controller
hardware and the bus controller software services 58, refer to the
incorporated by reference copending applications, serial numbers
08/331,727, 08/332,573 and 08/332,337. It should be noted that the
allocation of functions to the hardware and software services of the bus
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polling of the isochronous functions of the interconnected peripherals
16 for data comruni cation transactions. Preferably, the expanded -
polling schedule is also dynami cally adapted to the serial bus elenents

actual ly present. Figure 4 illustrate a franme based
pol li ng schedul i ng of the present invention inplenmented by sone.
enbodi nents for .conducting the vari®us transactions enpl oyi ng the
mast er/ sl ave nodel of flow control. As illustrated, the polling

schedul e 30,cagitetier dddsrimplerventadiopedependent.r dihe, present irremntioh mapunber of
sub- schedul : i f inrati f - Ap.Lsgchr onous
functi on 34?0?%%%&%?” lgﬁfaﬁ%.tr.@ﬁ%ﬁn%‘fiatllggatloﬁ& %gbf %er 2] mi%'h‘lﬁg pol | ed as
frequent as Nardware,gsage 19 minfnalemployment of faftware seryigass 32 of the super

frame 30 to guarantee its latency and bandw dt h. However, an
e onous e et Lon R8s Ay uRkeE e, prunSle i eRhigs <ot e
Simlarly, aignaltdistibutorafdbie gresent iBeention. The iligiirated @nsodiolentis onl y
once I n one 917 bl et &itfibbid? 184 MRVirlg 8frciircuitry 68! cBRRBFC! ' O
management transact| . . .
registers 68, and 8 ports 24. Port 0 24 is used to.connect the bus
signal distributor 18' upstream to the bus controller 14 or another bus
- signal distributor 18. Ports 1 - 7 are used to connect up to a total of 7 ' '
bus signal distributors 18 and/or bus interfaces 22 to itself. The control -
registers 68 are used to store its own control and status information
such as whether a port 24 has a bus interface 22 connected to it or not,
and whether the port 24 is turned ON/OFF. The control circuitry 66
operates the bus signal distributor 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
perform the dynamic connection management steps of the present
invention, which will be described 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, each port 24
comprises two differential amplifiers 70 and 72 for generating the
differential sighals. Preferably, each port 24 further having two resistors
74 coupled to ground as shown, pulling the signals 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. - |

- Figures 12-13 illustrate one embodiment of the bus
interfaces of the present invention. For this embodiment, the bus
interface 22 comprises control circuitry 80, control/status registers 82, a



Pr?eferabl Y, aII | sochronous functions 34a - 34b are polled within a
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ard bandwi dth guaranties are net. Isochronous functions that cannot be
accommodated within P1 are preferably rejected for insufficient
capacity. The upper delimter (IVIl) of P1 is also referred to as the
‘isochronous waternmark. Simlarly, all polling are preferably per f or med
wi thin a second percentage portion (P2) of a soft frame 32 to ensure

reliability of operation. Miltiple soft fral®s 32 are enpl oyed if
necessary to accommodate all asynchronous function and serial bus

el ement pol | i ng. Coneeginsdntedisicer84 end twe)FIE0sPE6 i 7 8alasBeceive IED 76 ad'd

the frame waterngrdend FIFO 78 Recelve and sahu%m@mern ard Wbed fo stige
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o deser T bed_ nthe-receiye. S50 SeBM SRR GG GaRE TEHTSECHRPS: 3 Pon,
serial nunber  contvflstafubégsters 68 are used to store its own control and status
PCT/ US95/ 14242 infor it r a 3% fits
08/ 331, 727, enti {TENRRHSEMAT IR Arsignarope9raphieal; ddress- ddngtions N
-+ "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 controller 14. In particular,
control circuitry 66 causes the bus interface 22 to cooperate with the
bus controller 14, and perform the dynamic connection management
steps of the present invention, which will be described 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 intertace 22,
refer to the incorporated by reference copending applications, serial
" number 08/331,727, 08/332,573 and 08/332,337.

Having now described the hierarchical serial bus
assembly 26 and the manner its elements cooperate to serially interface
the isochronous and asynchronous peripherals 16 to the system unit 12
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And Mai nt ai ni ng Frame Based Polling Schedul es That Guaranty Lat enci es
And BandV®8/B36%0 | sochronous Functions, which is hereby PCT/USbsi42¢2

i ncor porated by reference. Figure 5 illustrates

geogr aphi cal and | ogi cal addressing of the present invention

I mpl enent ed by some enbodi nents for addressing the serial bus elenents
and functions of bus agents. For ease of explanation, the sane S
exenpl ary serial bus assenbly of Figure 2 is used. However, the bus
controller 14 is labeled as Host, also20- referred to as HubQ The bus
signal distributors 18a-18b are | abel ed as Hubl and Hub2. The

peri pher al s afdhe ex@mplagy campytamsystem 10, tberdyramindiongebtien i nt er f aces 22a
- -.22f are jo irlsie8! - - 26 functi ons of
QdidtbhrinaApa! &b lﬂwqudégg?%rg stepé 'arfF i Bﬁﬁyﬁ@%&%n .

eripherals 16a - 1 are : ., FNL, efc. .
e P et atRatormad byhg seRaLOuS SIRIRRBts A SUCH BT 4/RbIcal Sevial bus  pus

agents are asyepmsly wittowwapbidedcridedvinldetait. | ogi cal addresses . (GEO
ADDR & LOG ADDR) of a geographical and a | ogi cal address space. More
specifically, the Hubs 14, 18a - 18b and the Nodes 22a - -22f are

assi gned GEO ADDRes, whigurasi4 liilustrates aoniietdrchical Mese sf the seridbbus 16f are

assi gned LOG &R ' ty - he
upstream p(c)r% ! of ﬁgfﬁfibﬁgﬁ&%?\{égﬁgp %ﬁp’f %%%%Eh% contr%@ﬁ?ﬁa Hub
14, and 18a 9etggpining,andBaCaGIReRANNGCHAB tarolRgy| Assillustratedsdh@ onnect i ng
port of the Hierarehy 200 blberid@bUiceigmentsdd ibgioany Ariddinto tierd\202a0f a Node

220 o 20 e, SRR ol B B iy 12, AR HO g
For exanpl er HubQ e conkigered {agicaiieoqtupyingappbottien. onhe first bus
signal distributor 18d connected to the bus controller 14, labeled as
Hub1, is considered logically occupying a tier zero. The second bus
signal distributor 18e, the first and second bus interface 22g-22h and
- their "host" peripherals 16g-16h connected to the first bus signal
- distributor 18d, labeled as Hub2, Node0 and Node1 respectively, are
considered logically occupying a tier one. The third and fourth bus
signal distributors. 18f-18g, the third and fourth bus interface 22i-22j
and their "host" peripherals 16i-16j connected to the second bus signal
distributor 18e, labeled as Hub3, Hub4, Node2 and Node3 respectively, -
are considered logically occupying a tier two. Lastly, the fifth, sixth and
seventh bus interface 22k-22m and their "host" peripherals 16k-16m
connected to the third and fourth bus signal distributors 18f-18g,
labeled as Node4, Node5 and Node6 respectively, are considered
logically occupying a tier three.

While the hierarchical view of serial bus elements is being

‘illustrated with five logical tiers, it will be'appreciated that the number of
" logical tiers is limited only by the physical characteristics of the serial

bus elements. In one embodiment, the hierarchical serial bus assembly
16 consists as many as seven logical tiers. It will be appreciated that
the present invention may be practiced with less or more logical tiers.



Hu?bl and Hub2 18a and 18b are assigned the GEO ADDRes of "Hubl : PortQ"

and "Hub2: PO¥©86/1F76%pecti vel y, identifying the Hubs 18a aPCTAHOS/24242
"Hubl1" and "Hub2" respectively, and in each case, the upst ream port
being "PortO'. Nodel and Node4 22b and 22e are WO 96/ 13769 '
PCT/ US95/ 14242 - - -15-

-assi gned the GEO ADDRes of "Hubl :Port2" and "Hub2: Port 3"

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

and "Hub2" respectively, and the connectingborts of connecting Hubs
18a and 18b as "Port2" and "Port3" respectively. The functions of _
Nodel 16b are assigned theFigireSDDBas18d illusibie tHe Adlleative MetBbd steps of

wher eas the funciy o nNRRA .5, ASS "LAG" .
Preferably, the tg:éé&ﬁ%s_ﬂes aﬁgaaﬁgrﬁfﬁzﬁﬁg@% %éﬁallb% é yné’?néé%rl | y assigned
at power on or r@e@rmining ansimesaging eeirMtion topology ati pameren AEHABAL of
i nterconnect ed dgmipt®sin@thahickariRed| vidw ¥ hé s8Rl bus elenfémisCeRs by the bus
controller 14 in, coogerdai | gn W t{1 t he bus si ﬁnal di §t2r| but‘l%rs 18 and
the bus i nterfacl¥sygtedin Eigyre 138, AL PPWRERA Qrirgset. event 204, all bus

signal distributors. 18 and all bus interfaces 22 initialize themselves with

a predetermined default initialization GEO ADDR, e.g. "000:000" for

"Hub0" and "Port0", step 206. Furthermore, all bus signal distributors

18 enable their upstream connection pont, e.g. port 0, and disable all

other ports, step 208. Next, the bus controller 14 in cooperation with

the bus signal distributors 18 and the bus interfaces 22 perform

- geographic initialization of the serial bus assembly 26, step 210.

Figure 15b illustrates the method steps of the present
invention performed by the bus controller 14 for geographically |
initializing the serial bus assembly 26. Initially, the bus controlier 14
selects logical tier zero, step 216. The bus controlier 14 then detects if
any serial bus element is connected to itself, step 21 8. If a serial bus
element is connected, the bus controller 14 causes the serial bus
element to identify itself, i.e. whether it is a bus signal distributor 18 or a
bus interface 22, step 218. When instructed to do so, the connected
bus signal distributor 18 or bus interface 22 responds accordingly, step
218. The bus controller 14 then assigns a GEO ADDR to the connected
serial bus element, step 218.

In embodiments where the bus controller 14 supports
communication packet based transactions, the bus controller 14 sends
‘out a "Presence Query" transaction using the predetermined default

" initialization GEO ADDR. Recall that all serial bus elements initialize
themselves as if they have been assigned the default initialization GEO
ADDR, and furthermore all bus signal distributors 18 enable only their
upstream port 24, and disable all other ports, thus only the first serial
bus element directly connected to the bus controller 14 will "hear" the
"Presence Query” transaction sent out by the bus c_ontroller 14.



L4

of such dynam c connection nmanagenent is described in nore detail o
bel ow. For these enbodi nents, the GEO re used to
N w 1
oA

conduct™ 28H¥82i on managenent transactions anong the seri
el ements, whereas the LOG ADDRes are used to conduct data Y

conmuni cation transacti ons anong the functions of the bus agents The
separation of the two types of transactions intq the two separate address
spaces facilitate dynam c connection nmanagenent of the serial bus '
el ements, w thout having to interrupt _?E_rvi ces to the functions of the bus
agents. Figure 6 ilTustrates the essential elenents of

conmuni cati gn ckets of the present inventjon inplenented. by, sqoe
enbodi nent s TFGP&EERTCRTHY the, f'fsﬁese\?'éf BHﬁ§ '?mﬁﬂé‘é{ﬂ't qegﬁgngenﬁflq)\%n,qéhpﬁ.g.ls
mast er/ sl aveonndiér 04 t6 kitsgeronthiather &eriahbes etehedi isscarmected ket
|-dent|f|ers.§14] are enployed to differentiate control packets from data
packets. COH ?BI packets are packets enployed by the bus controller 14
to authorize or instruct- the bus signal distributors 18 ‘and the bus

| gfsle“;aces 22 1o engadthe Pus bﬁﬁﬁgﬂéﬁmﬁa 1UFR¥ehals RAGHEtIEeAficaA0RD
VO 92/ iggggtrgngagﬁ n g%{l? u31bn>é tﬁﬂeeprea%tesrlnﬁggcli dc&ast}ltr tni Fatlfzra IOIJI' %SI?Bd the bus
PCT/ US95/ 14249DR, requesting the first serial bus e_lemeht to identify whetheritisa
bus signal distributor 18 or a bus interface 22. For the same reason,
the first serial bus element will be the only serial bus element detecting
that it is the addressee of the "Identify" transaction, and responds with ‘
the identification information accordingly. The bus controlier 14 then
sends out a "GEO ADDR Assignment" transaction still using the
predetermined default initialization GEO ADDR, assigning a new GEO
ADDR to the first serial bus element, e.g. "001:000" for *Hub1" and
* "Port0". The first serial bus element, still being the only serial bus
element "hearing" the transaction, updates its GEO ADDR accordingly.
Preferably, the first serial bus element will acknowledge the address
assignment. |

If the first serial bus element identifies itself as a bus
interface 22, step 220, we have the degenerated case of a single
connected peripheral. Geographical initialization is completed then. On
the other hand, if the first serial bus element identifies itself as a bus
signal distributor 18, step 220, the bus controller 14 proceeds to detect
whether any serial bus elements are connected to the ports of the first’
bus signal distributor 18, step 222.

Figure 15c¢ illustrates the method steps of the present
invention performed by the bus controller 14 for detecting the presence
of connected bus signal distributors 18 and/or bus interfaces 22 at the
various ports of a bus signal distributor 18. For ease of explanation,
these method steps are illustrated with embodiments where the bus
signal distributor ports 24 are "numbered”. Furthermore, the upstream
port is the lowest numbered port, i.e. port zero, and the highest
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-16- I nterfaces 22 to acknow edge aut horizations or instructions from
the bus wo e | er 14. Furthernore, addresses 46 are errph,g*ﬁﬂs,g&“z

appropriate to identify the transaction parties. As w ||

appreci ated that under the master/ sl ave nodel of flow control, the bus
controller 14 as a ~ transaction participanht nmay often be inferred, and
therefore its address may be omtted. Pref erably,

transaction flows, such as from bus controller 14 to a function, from
a first function to a second functi on, may_dae inferred fromthe packet
identifiers 44. Preferably, either geographi cal or | ogical addresses

46, i.e. "HubX P h
embodi ment s 1 hatrﬂérh%ze%{ Pt ¥ prdimined? Hoks e, khepd on B fdTRHLR "0
i npl ement bot h tfolew, twilkberappresiated that the present invention mayt be pragticed

i npl ement ati on Qﬁltﬁﬁﬂiéﬁhaﬁné#ﬁbon lderﬁﬁiEH‘ri'GhCé’él &é‘i’r’@bﬁnﬁ@eﬁﬁfé‘éﬂéh the

various transactions i.s

copendi ng appl i d& r@ﬁt'OEeé}fPaHmM@ﬁSéP the busogqrg@ Oé??gﬁ? ébgl\ﬂﬁr{‘ﬁfd And

Appar at us For BEdgsenpedddéntification probess.us And Oommnds Over An

Hi erarchi cal Serial Bus Assenbly Usi ng Communi cati on Packets, which is
hereby fully incorporated by ref erence. 'Fi gures
8-9 illustrate one enbodi mEme bus controies14 sets aaurrenit pert pinterdo phesent

invention. In thy % hBEfHd por o 'Ph@bus sigr HistAbLr ok ntehedtUeRD 34,
control state I he an CIrCUIt
3 e bus controller 14 thgn msiructs the bus signal distributor of interest
to enable the current port, i.e. the highest numbered port at this time,
step 236. The bus controlier 14 then detects if any serial bus element
is connected to the particular port of the bus signal distributor of interest,
step 238. ifa serial bus element is not connected, the bus controlier 14
disables the particular port of the bus signal distributor of interest, step
244. If a serial bus element is connected, the bus controller 14 causes
- the connected serial bus element to identify itself, and assigns a GEO
ADDR to the connected serial bus element accordingly, step 242,
‘before disabling the particular port of the bus signal distributor of

interest, step 244.

~ Again, in embodiments where the bus controlier 14
supports communication packet based transactions, at step 238, the
bus controller 14 sends out a "Presence Query" transaction using the
predetermined default initialization GEO ADDR. For the same reason
discussed earlier, only the serial bus element connected to the
particular port of the bus signal distributor of interest will "hear” the

-"Presence Query" transaction sent out by the bus controller 14.
- Therefore, only this serial bus element will respond, allowing the bus -
controller 14 to discern whether a serial bus element is connected to the
particular port of the bus signal distributor of interest.

The bus controller 14 then folloWs with an "Identification"
transaction, and a "GEO ADDR Assignment" transaction, using the
predetermined default initialization GEO ADDR, as described earlier,



control/status registers 54, data buffers 56, and bus controller software
ser Vi cefygdsrizfdee control/status registers 54 are used to §9 13842
various control and status data. For exanples, the serial bus enent s
present, their interconnection topology, the functions of the various

I nt erconnected peripherals, the geographi cal addresses assigned to the
serial bus elenents, the |ogical addresses assigned to the functions of

t he interconnected peripherals. The data buffers 56 are used to buffer
the data of the data comunication traggactions between the bus

agents. The control state machine and circuitry 52 operates the WO

96/ 13769
r ng the newil d serial n f
PCT/ US95/ 14 43 eby causing the newly detecte bus element to be ldentl ied

har dwar e, c@nd 8ssigned -2 REWLGRQ AORR. (referably: @r@‘same@%‘iﬁ 3§| ng
the above degifirdide tegpuridenitss tise urttidel offitsf Thost gserphiral ag aarintageal

Srbodt mont < el B R e B dee i fabbaort Ao ey el o SEparde”
oper at es t hduhctiatwidentificatian trahsactiaromayche oarfmamagerrent _
transactions, inplenenting the master/slave nodel of flow control with

frame based poI | i ng schedul e, enpl oy eographi cal and | ogi.cal
addr essing, supporti ngCQ’étl'ﬁﬂlﬂgdHPc"Y (Wit"bg §8eHPPF'é?\§%Q|{W§lee

- particular port of the bus signal dlstnbutor of interest, the bus controller
14 sets the current port pointer to the next lower numbered port, step
246. If the updated current port pointer is not pointing to the upstream
port, step 248, the bus controller 14 enables the particular port of the
bus signal distributor of interest, and performs the detection,
identification, and GEO ADDR ass:gnment as described eariier. If the
updated current port pointer is pointing to the upstream port, step 248,

| geographical initialization is completed.

‘Returning back to Figure 15a, upon completing |

. geographic initialization, step 210, the bus controller 14.in cooperation
with the bus interfaces 22 performs logical initialization, step 212. More |
specifically, if "host" peripheral function identification has not been
performed as an integral part of the geegraphical initialization process,
the bus controller 14 systematically polls the bus interfaces 22 for the
information. Upon learning all the functions of the "host” penpherals the
bus controller 14 assigns LOG ADDRes to the. identified functions, step
212. In some embodiments, the logical addresses are assngned
chronologically, e.g. LAO for FNO, LA1 for FN1, etc. etc.

_ Lastly, for embodiments where the bus controller 14
dynamically generates and updates its polling schedule, the bus
controller 14 generates its polling schedule of the serial bus elements

_including systematic polling to detect attachment or detachment of serial
bus elements, step 214. The detection of attachment or detachment of
serial bus elements is performed with connection management
transactions in like manner as detection for presence of connected



and/ or inference of data and control states fromstates of the

propagati on @l¢edisnér! signals. In particular, the control and

maghi ne circuitry 52 causes the bus controller 14 to cooperat epé\n'}@%&f%é‘u
bus signal distributors 18 and the bus interfaces 22, and performthe
dynam ¢ connecti on managenent steps of the present invention, which

wi |l be described in nore bel ow. The bus controller

software services 58 programthe control state nmachine and circuitry
52 responsive to the operating" system &@_and ot her software such as
devi ce and configuring software 62 and 64 of the systemunit 12. In

fet ect 1 on of ser AHHES S EfeffEat the vARIIRONE 24 B BT Snal tistyBitor 18
i nt er connect i on tpestaroed dddng geograpificalhsitializatignin ési describled ¢arlier,
i nt erconnect ed p?dl!_ﬁlf?bﬁ%éﬁial% ?ﬁa’?ﬁﬁggﬁai c?ﬁr&%&%n mapraQSRWni‘Mn‘éébﬁé’tw

| ogi cal addresses. servjces rurt I nC nsacti on nanagenent

such as gener at i dHeScHerulas arounddhgrpalling of isochmnqusyfusstiens fer d#a | i ng of
the serial bus elcommusicatidnftransactons.oPréfeeably, thebinforfrridnsnecessary to

acknoul edgrent. ofy BIAR nd SRAAATE TS belie,Scskile BYfamicany ShSUBRHBALY,
the bus agents. part of the identification pfrecess, postggatgraphical nétiadization cor aksot he
bus controller an ‘"@%ﬁ??ﬁe@%‘a@?’ﬁ@ Frf?ﬁ"élfz%'lib r software services 58,

refer to the I nc erence copendi ng applications, serial

nunber s 08/331, 727, 08/332,573 and 08/332,337.. It should be noted that

Eﬂe 1 al l ocation of fungigare 1eoillLsealear HeedAleaiive méthvarstepeoyitlses of
e bus '

present invention performed by the serial bus elements for managing
connection topology during operation. As illustrated, upon successful
completion of connection topology determination and management
activities at power on or set, the bus controller 14 proceeds to poli the
serial bus elements and bus agent functions in accordance to the
polling schedule, step 216. As described earlier, the polling schedule
includes polling for connection management transactions that facilitate
the detection of detachment of connected serial bus elements, or
attachment of additional serial bus elements. If attachment or
detachment of serial bus elements is detected, step 218, the bus
controller 14 performs complete/partial geographical and logical
reinitializations in like manner as geographical and logical initialization
is performed during power on or reset, Preferably partial reinitializations
are always performed as long as a function of an interconnected
peripheral 16 still requires interaction with the system unit 12. Recali
that polling for connection transaction management is scheduled

- around polling of the isochronous as well as asynchronous functions of
the interconnect peripherals 16 for data communication transactions,
thus partial reinitialization may be performed without having to interrupt
servicing of the isochronous and asynchronous functions of the
interconnected peripherals 16. |
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cont roIW@r96@_37q9s i npl enent ati on dependent. The present i W?’ﬁﬂ“my
be practiced with any nunber of allocations, ranging from m ni nal
“hardware usage to m nimal enploynent of software services.

Figures 10-11 illustrate one enbodi nent of the bus ~signal distributor
of the present invention. The illustrated enbodinent is a 1:7 bus
signal distributor 18 having control %brcuitry 66, control - regi sters
68, and 8 ports 24. Port 0 24 is used connect the bus si gnal

di stributor 18 upstreamto the bus controller 14 or another bus
si gnal distributor 18.THs &mMethod agdappasatussoE SABETCAlY M@naging al of 7

bus signal dionhebiet @éﬁolé§¥@$@/n0ﬁlemhic&l sefiacsss agsémbiy Bas beefihe control
regi sters 68 aregua ore its own control -and status information

such as Wne ort 24 has a bus interface 22 connected to it or not,
and whether the port 24 is turned OV OFF. The control circuitry 66

operates the bus si g”"’WPﬂé?ﬁé lpl?é'éc?r{t lﬂ%ntf&?l‘?@%‘%‘e\éﬁ &éhdnB%Hrng%hﬁé‘s from

- the bus controller clrcult uses the
bus signal difdhe aboverem!sodlmaf%dapae skilledrn the as Wi 'cE%’PQB zedhatine 5ng

per f or m t he jQydHidnCis G mﬁﬁféoom wmeaamﬁemtsemcﬁbeaherw aRenéd and

wh
| " enbod o APPSRRUR 1S ATBSFRIBESRIAN ERba biaktticed Hifibiodifcation

and alteration within the spirit and scope of the appended claims. The _
description is thus to be regarded as illustrative instead of limiting on ‘
the present invention. '




20 are used to interconnect the serial bus elenents, and el ectrical

signals arewweg/gpedl y propagated in a differential manner, egebulod iqrssf
corprises two differential anplifiers 70 and 72 for generatlng t he
differential signals. Preferably, each port 24 further having two resistors
74 coupled to ground as shown, pulling the signals on_the two wires to
ground, thereby allow ng the absence or presence of a connected bus

e 2 O e e ol D) epncanbropri ate va ves \ AR <.

Figures 12-13 illustrate one enbodi nent of the bus int érfaced of the
present inventi of this enbodi nent, the bus I nterface 22 conpri ses
control circuit rgl‘égﬂscont rol /status regi sters 82, a = -~WD 96/13769

PCT/ US95/ 14242 -19-

Connect or i nter fagRt &t crRitAed e F FOs 76 - 78, a Receive FIFO 76 and a
Send FIFO 78. Receive and Send FIFOCs 76 - 78 are used to stage t he

recei ve and send data for data conmmuni cati on transactions. The }
control /status rtgi stansaggaraius fos eynamicdily detetminng andnnaabgingd st at us

| nformation suchgsddidn3opblbaybraf 88idMls 8séiBl Sidnd &H‘&tdu%“éo:ﬂioaietrs

zero or more bus signal distributors, and one or more bus interfaces for
hierarchically interconnecting one or more peripherals to a system unit
‘of a computer system, said apparatus comprising:

first means for initializing each bus signal distributor and each
bus interface with a predetermined default address at power on/reset;

second means for enabling an upstream port and disabling all
other ports of each bus signal distributor at power on/reset; and

third means for employing a logical hierarchical view of the serial
bus assembly having a plurality of logical tiers to incrementally detect
the presence of each bus signal distributor/bus interfa;:e, one'logical tier
at a time, and assign.a geographical address to each detected bus
signal distributor/bus interface at power on/reset and periodically during
operation. -

2. The apparatus as set forth in Claim 1, wherein said first means
comprises a plurality of initialization ci’rcuitry and compiementary logic
correspondingly disposed on said zero or more bus signal distributors
and said one or more bus interfaces, one initialization circuitry and
complementary logic for each bus signal distributor/bus interface, for
initializing each of said zero or more bus signal distributors and one or

- more bus interfaces to an identical default geographical address at

. power on/reset.

3. The apparatus as set forth in Claim 1, wherein said second
means comprises a plurality of port enabling/disabling circuitry and
complementary logic correspondingly disposed on said zero or more
bus signal distributors, one port enabling/disabling circuitry and
complementary logic for each bus signal distributor, for selectively
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"host" peripheral, and their assigned |ogical addresses. The control

circuit erates the bus_interface 22 on behalf of
W BERPD ot sl

peri phera the "host" peri Bheral s functions, respon

aut hori zations and instructi ﬂl "Mﬂ"rl“"ﬁl,l)ﬂﬂucont roller 14. In particular,
22 to cooperate with the

control circuitry 66 causes
bus controller 14, and perforntt e y m’ donnection management

steps of the present invention, which will be described in nore detail
bel ow. . ~I'n enbodi mesg s where the | ow cost two signal
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5. The apparatus as set forth in Claim 4, wherein, said third means
further comprises second circuitry and complementary logic disposed
on said bus controller for systematically enabling ports of a bus signal
distributor, one port at a time, detecting if a bus interface is connected to
‘a port upon enabling the port, and disabling the port if no bus interface
is detected or after said first circuitry and.complementary logic assigns
logical address(es) to the function(s) of the peripheral hosting the bus
interface connected to the port, whenever the bus signal dvstnbutor is
detected. : ' |

6. The apparatus as set forth in Claim 5, wherein,

said third means further compnses third circuitry and.
complementary logic for determining if a bus sngnal distributor or a bus
interface is connected to- the bus controller at power on/reset and
~penod:ca“y during operation; L

said third circuitry and complementary Ioglc is also used for
controlling said second circuitry and its complementary logic, causing
said 'second circuitry and its complementary logic to perform said
geographical address assignment, function determination, and logical
address assignment, whenever a bus interface is determined to be
connected to the bus controller; and
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described in detail. . © Eiglre 14 illustrates an
hierarchi cal view of the serial bus . elements of.the present invention
enpl oyed by the bus controller 14 for - @gternm ning and managi ng
connection topology. As illustrated, the hi erarchy 200 of serial bus

elements is logically divyided into . ti - 202¢e h
control ler 14 and the & %fgﬁdﬁ'ﬁ%'ﬂlfn%{gq{ﬁgé?%{ga%?g% % alsgru%gﬁg%r IS
consi dered | ogi cabnyroingussid figstaanc secenda:circitry drid teimeamplementagn lagic,
di stributor 18d ‘&%ﬂ@ﬁ@tfﬂdtfﬁstté}?d Qééoﬁé’eﬁélﬁiirgee{nﬁlﬁveiﬂé’&ﬁg%éﬁary logid P,
I's considered | ogicall'y occupying a tier zeroO, e .second bus. sI gnal
di stributor 18e, PEROrRy sajd Rﬁféeﬁggkﬂﬁj' pRriphetakdetectionogeogiaphicel addregse;
;_hotst " bpteri pfiga alanmb | éﬁhfmﬁﬁbﬁ@ﬁgrmgldtibﬁ. idg;ééll dudress Igl_egi'glnment, and
I stributor , . aS n el resp Lve are

consi dered | ogi cm?&&c‘sgg%i%é%“?@‘é&%ﬁ@z gﬁ?}h@oqwﬁ?'rt@rﬁgm%dﬂ(ﬂn%‘(ﬂr a

bus signal distributor is determined to be connected to the bus

controller. ' '

7. . In a computer system comprising a serial bus assembly, including
a bus controller, zero or more bus signal distributors, and one or more
bus interfaces, for hierarchically interconnecting one or more
peripherals to a system unit of the computer system, a method for
- dynamically determining and managing connection topology of the

serial bus assembly, the method comprising the steps of:

a) self-initializing each bus signal distributor and each bus
interface with a predetermined default address at power on/reset;

b) self-e‘riabling an upstream port and self-disabling all other
ports of each bus signal distributor at power on/reset; and

c) incrementally detecting the presence of each bus signal
distributor/bus interface, by the bus controller, employing a logical -
hierarchical view of the serial bus assembly having aplurality of iogical
tiers, one logical tier at a time, and assigning a geogfaphical address to
each detected bus signal distributor/bus interface at power on/reset, and
periodically during operation. '

- 8. The method as set forthin Claim 7, wherein step (a) comprises
self-inifializing each of said zero or more bus signal distributors and one
or more bus interfaces to an identical default geographical address at
power on/reset. '

9. The method as set forth in Claim 8, wherein, step (c) further
comprises determining how many. functions are supported by a
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signal distributors 18f-18g,_the third and fourth bus i nterface 22i-22]

and t heigg's o peripherals 16i-16j connected to the sec 2% s _si gnal
distributor 18e, |abeled as Hyj H wnnmmlMiFnd Node3 r & é‘%?f’%ﬁ‘g%,. -
are considered logically occu Lastly, the fifth, sixth and °
seventh bus interface 22k-22m dnd‘t héi r" "hbst™ peripheral's 16k-16m

connected to the third and fourth bus signal distributors 18f-18g,
| abel ed as Node4, Node5 and Node6 respectively, are considered

| ogically occupying a tier three. -30- VWil e the hierarchical
Vi ew of seri al bus elenents is being illustrated with five | ogical
tiers, he. nugber of ers S
lim ted onI f%ﬁ%@%h&?@é éj%f%ﬁégcélésf I'E?u e (ﬂnq ﬁés'gemﬁ?%g'ca bus

el enents. | radgresetdedchwfthe fivmctionsr ar chi cal serial bus assenbly 16

consists as many as seven logical tiers. It wll be appreciated that
t he present '&ven,h%on nay be é)ractlced with | ess or nore | ogi cal tiers.
VO 96/ 13769 e method as set forth in Claim 9, wherein, step (c) comprises

PCT/ US95/ 142§y%temat|cally enabling ports of a bus s:gnal dlstnbutor by the bds-

" g es 202 kel 516 BhE BB 3ES SRl SeogBR indluces at ekl P eseM
: one bus signal distributor, detecting if a bus interface is co.nnected toa
port by the bus controller upon enabling the port, and disabling' the port
by the bus controller if no bus interface is detected or after assigning _
logical address(es) to the function(s) of the penpheral hostmg the bus .
interface connected to the pont.

11 A computer system bus controiler for interconnecting at least one
peripheral to a system unit through at least one bus interface and zero
or more bus signals distributors, the bus controller comprising means for
incrementally detecting the presence, if any, of the zero or more bus
signal distributors, and the presence of the at least one bus interface,
and assigning a geographical address to each detected bus signal
distributor/bus interface, at power on/reset and periodically durihg
operation, employmg a loglcal hierarchical view having a plurallty of
logical tiers, one logical tier at a tlme

12. The computer system bus controller as set forth in Claim 11,
-wherein said means comprises first circuitry and complementary logic
for assigning a geographical address to a bus interface, -determining
how many functions are supported by a peripheral hosting the bus
.interface, and assigning a logical address to each of the functions,
- . whenever the bus interface is detected.

13.  The computer system bus controller as set forth in Claim 12,
wherein, said means further comprises second circuitry and
complementary logic for systematically enabling ports of a bus signal
distributor, one port at a time, detecting if a bus interface is connected to
a port upon enabling the port, and disabling the port if no bus interface

ThlS Sheet Has Been Reilac




det er ni ni ng and nanagi ng connection topol ogy at power on or reset,
enpl oyi ng t heygdepsadoChi cal view of The seriat—bus—ekenents. CP/usos/14242

ildustrated in Figure 15a, at po event 204, alr us
signal distributors 18 and all- W:!] mng&E@:ﬂ iitialize thenselves with
a predeterm-ned default initi al'i zat4 ore . "000: 000" for

"HubO' and "Port(Q', step 206. Furthernore, -all bus si gnal distributors

18 enabl e their upst ream connection port, e.g. port 0, and disable all

other ports, step 208. Next, the bus controldser 14 in cooperation wth
the bus signal distributors 18 and the bus interfaces 22 perform

2ot e 15b 111 ustp EReciB o aflal SaRElsR oty R BB bygRentthy Rocié Bseigns
perforned by the lpgicat sddrasis(aes) ta4he dungiiongsaphihepernpheral hosting thie busg t he
serial bus assembhpsriffee édHﬁéc?t%]d Yo tﬁé‘ﬁoﬂ?uﬁrhﬁﬁ rqlh'ef’cf]uslélgnal drsﬁ’ﬁirﬁ&ﬁ%

| ogi cal tier zero step e bus control 14 etects | 'any
serial bus el eneflet®St®@onnected to it sel f, step 218. If a serial bus

el ement is connected, the bus controller 14 causes the serial bus

el ement to identify itself It Is bus grstrgutor 18
or. a bus int1e fac bm?f"i’ﬂ 52’f ncqrﬁgqlll%ﬂ th

connect ed bmheﬂe(tm,al d| stributor 18 or bus |nterface 22 responds

accordingly. Ste  saidtheatien e CBirileshin bifclify 833 cBbIm RGO

to the connected
enbodi nent s wher dogigdopdetesaiinipgii %PU§@'Q;%rﬂi$tf'§Ut°f or & BusineEace éh packet

based transactlorc@nntebﬁedowsméomg ebhied|lerlatoWisr on/resdndPperbEies) e Qrery

transacti on usin gr edet erm ned defaul t initialization
Recal | that all |inegl BRI&Ueenents initialize - thenselves as i f they
have been assi gned t hesaittthird tir¢uitryiamd carmpemdiary logic BDRIBY used for

furthermore all s 3)iiesaid stcbhB Eiklfiry 8n nl%béoqnﬁlgtﬁ'erﬁgﬁ) fogic, causing
said second circuitry and its complementary logic to perform said
geographical address assignment, function determination, and logical
address assignment, whenever a bus interface is determined to be
connected to the bus controller; and ) |

said third circuitry and complementary logic is also used for

controlling said first and second circuitry and their complementary logic,
causing said first and second circuitry and their complementary logic to
perform said port enabling, peripheral detection, geographical address
assignment, function determination, logical address assignment, and
port disabling, for all logical tiers, one logical tier at time, whenever a
bus signal distributor is determined to be connected to the bus
controller. |

- 16, A com'put_'er system bus signal distributor comprising:

a plurality of ports including a first port, the first port being used to
couple the bus signal distributor upstream to either another bus signal
distributor or a bus controller, and the remaining ports being used to
couple bus interfaces or other bus signal distributors upstream to the
bus signal distributor; ' '

first means for self-initializing the bus signal distributor with a
predetermined default address at power on/reset; and

.' ThlS Sheet Has Reen Reilaccd
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upstream port 24, and di sable all other—pertsr thus onIy the first serial
S

bus el ctIy connected to the bus controller - the
"Presence gﬁ? transact i onnmm “‘HH““)“I‘ lﬂmbus cont roI I AR %Eﬁ%

96/ 13769 A

PCT/ US95/ 14242 -22-

Therefore, only the first serial bus eLenent Wil respond, allow ng the bus
controller 14 to discern whether a serial bus elenent is connected to
itself. The bus cambtoller 14-in turn-sends out an

"I dentification" transactlon still using the predeterm ned default

t | t GEO h | t t
et | Ty aherher Sacong meah® CoupB8HE thk Bbrsnd Id e MS] f¥andiior o TRl 10
~ 22. For the adomaticaijpanabling the: first portsands disebling @l athenpattswti | be t he

only seri al &We P, 454 ?&rtéélgctlve%en%Bﬁﬁg ke bﬁwér%r?éjﬁhr sponereof the

“ldentify"” transaction,  and res dent|fication
i nf or mat | ontaw@mangwddwem@ thgRusoigaa! digtribyter by he bugnds out a " GEO

ADDR Assi gnigypitroller.ansaction still using the pr edet er mi ned def aul t

initialization GEO ADDR, assigning a new GEO ADDR to the first serial

bus elenent, e.g. "001 :000" for "Hubl" and :
16. A bus interface for coupling a peripheral to a system unit through

zero or more bus signal distributors and a bus controller, the bus
interface comprising: . :

first means for self-initializing the bus mterface with a ‘
predetermined default address at power on/reset;

second means coupled to the first means and to the bus
controlier through the zero or more bus signal distributors for accepting

- an geographical address assignment by the bus controller; and '

third means coupled to the second means and to the bus
controller through the zero or more bus signal distributors for facilitating
at least one logical address assignment by the bus controller to at least
one function of the peripheral.

Sh el llas Been Re{iaceu
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"PortO'. The first serial bus elenent, still being the only serial bus
el ement "iapderm3gee t he transaction, updates its GEO ADDR aceordisagisgs2

Preferably, the first serial bus element will acknow edge the address
assi gnnment . If the first serial bus elenent identifies
itself as a bus interface 220 thp‘bgo, we have the degenerated case
of a single connect ed peri phéral’. graphical initialization is
conpl eted then. On the other hand, if the first serial bus el enent
identifies itself as a bus signal distributor 18, step 220, the bus
controller 14 proce@ls to detect whet her any serial bus elenents are
connected to the porgs of the first bus signal d&stributor 18, step
222. ELgu;e.lEc_iJ_l.u.s.t.r.a.I.els t he thod steps of the
pr esent i nvention rf@med by the bus controll & 14 for detecting
t he presence of cohnect bus signal distyibutory 18 and/or bus
interfaces 22 at the lglv QUs port gy of 2 [IS5Tg di stributor 18.
For ease of explanation,l se mefdofl sﬂeps_-q;e I}l ustrated with
enbodi nents where the bub T dirsty i uk_@‘q‘ﬁor 4 24 are "nunbered".
Furthernore, the upstream] B4 poftfjis the I(n/\le% &unpgred port, i.e. port
zero, and the highesd W0 96/ 13769 ollsS S
PCT/ US95/ 14242 - 1] 8o S |2]152
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- 23- nunbered port is predeterm ned. However, based on the

descri pt i WO 96013769 follow, it will be appreciated that tRETHSEYEA42
<invention nmay be practiced wi th ot her manner of port identification,
as long as the port identification informati on are provided to the
bus controller 14 as part of the earlier described identification
process. The bﬂs2cﬁn¥r5ﬂler 14 sets a current port

poi nter to the hi ghest nunbered port of the bus signal distributor of

i nterest, step 234. The bus controller 14 then instructs the bus
signal distributor of interest to enable the current port, i.e. the

hi ghest nunbered port at this tine, step 236. The bus controller 14
then detects if any serial bus el enent ' is connected to the particul ar
port of the bus signal distributor of interest, step 238. If a serial
bus el ement is notg,connected, the bus controller 14 di sabl es the
particul ar port d?'th bus signal distrilgtor of Interest, step 244,

If a serial bus elene i s connect tfﬁgtnw control l er 14 causes t he
connected serial bus @enent to ideify itself, and assigns a GEO

ADDR to the connectedgserial bus el ey accordingly, step 242, before

di sabling the partich?r port of the jhus sigialldist but or of

i nterest, step 244. ‘ Aga in di mrents where the bus
controller 14 supports commyni cdf§ifs p transacti ons, at
step 238, the bus controll e 14 |3ends odtj ag" Pregence y"
transacti on using the pr edetjer mrretdef tﬁi%itializatio GEO ADDR.
For the same reason di scussqd earlier, ﬁgt e derial bus el enent
connected to the particul ar port of the %Fégqg | distributor of
interest wll "hear" the X 55
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"Presence Query" transaction sent out by the bus controller 14.

Ther ef or e, w3761 s serial bus elenment will respond, allowdguidaasdans
controller 14 to discern whether a serial bus elenent is connected to the
particul ar port of the bus signal digsgrlb r of interest.

The bus controller 14 then foll ows h/a | dentification”

transaction, and a "GEO ADDR Assi gnnent" transaction, using the
predeterm ned default initialization GEO ADDR, as described earlier,

WD 96/ 13769 12 I

PCT/ US95/ 14242 - 24-
thereby causing the newy detected serial b el enent to be identified
and assigned with a new - —a bus interface 22 will
al so respond with the functions of its "host" |peri pheral as an integral
part of its reply to th "Ide Yé 16| miafsactign. Alternatively, a separate
function identification fransaction nay be perff orned.
Conti nuing now with Figufe 15c, upon disabling the particul ar port of
t he bus signal distributj DT—OT'—'T—HreS The bUYs contgoller 14 sets
the current port pointer|to tBusrSontraflar nugb{g‘%ort, step
(Master)
A
Auth/ CTRLU/Status,
instr Data (Peripheral only)
\ /
ignal Distr & INTF
~ Bus Si gng Iave)
18&22 ( «—
Data cal only)
: Peripheral on
~ Peripherals (Perip y
16

Figure 3



246. If the updated current port pointer is not pointing to the upstream
port, stepwgz?g',l”f%e bus controller 14 enables the particul FCHBIB 12t he
‘bus signal distributor of interest, aﬂd/pﬁr%orm; t he detection,
identification, and GEO ADDR assi gnQE- t/ a5 Wescribed earlier. If the
updated current port pointer is pointing to the upstream port, step 248,

geographical initialization is conpleted. Ret ur ni ng
back to Figure 15a, upon cg#prety ng ~geographic initialization, step
210, the bus controller 14}in copperation with the bus interfaces 22
performs logical initialiZ4tigdn,jstep 212. Mre _Qspeci fically, if
“host" peripheral functiorf]identjfication hgs 1@t ?@n perf as an
integral part of the geogrlaphieal initializgti & ir ocess, t he S
controller 14 systematicallly pol{s the bus/flnt&faces 22 for t}e
information. Upon |earnindlall the functi of' t e "host" perji pherals, the
bus controller 14 assigns JLOG ADPRes to t identijffied functigns, step
212. In some enbodi nents, |fhe | opi cal ad seg are assigned
chronol ogically, e.g. LAOJjor FND, LAl f¢r N1, effc.etc.
Lastly, for enbodinents wijgre the bus cgntrigl | rs dynaryi cagL¥E
generates and updates its |golling schedjl e}t h@&sbys contreol | er™14
generates its polling schdqqdul & of the deri I—bé%-éle,aents i ncl udi ng
systematic polling to detdgt zztt chnenf or” etg A8 o i gl bus
el ements, step 214. The dgfjectiop of t g hifer@ud1| det achrpent jof
serial bus elenents is perffformedi w t hf connedtTORGT gener|t
transactions in |like r@nngi as det ectfi on f _&sé c® of gonngcted
3 IR
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WD 96/ 13769

PCT/ US95/ 92613769 POHUS95/14242
serial bus elenents at the various ports 24 of a bus signal distributor 18
per formed during geographical ini tbaJélrzai n. As described earlier,
polling of serial bus elenents for™c t¥ on managenent transactions
are schedul ed around the polling of isochronous functions for data
comuni cation transactions. Preferably, the information necessar
generate and maintain the polling schedule dynam @l ly is coll ec% as
part of the identification process, post geographi&al initiali Za«t-l or
al so an integral part of geographl cal initiaZati on._ 3._-
Figure 16 illustrates the collective nethod st epsg)‘r" the ®© prﬁ@nt

-—

invention performed by the serial bus elenentg forg y Eanaging cconnect i on
topol ogy during operation. As illustratedgups sg:gessf&l §f§rpl etion
of connection topol ogy determ nati on and P & at
power on or set, the bus controller 14 pro s.{oroll t %@ri al bus
el enents and bus agent functions in accordapc8= he ng

schedul e, step 216. As described easlier, Zfelling s

i ncl udes polling for connectieon manggement ctio t hig ilitate

t he detection of detachment conrﬂect ed gerial bus ements, or

attachment of additional sergl busmele ts. If ayfachment or

detachment of serial bus el e®nts iB detfcted, siyép 218, the bus
controller 14 perforns conpl a; e/ parfial fgeogr apMi calg and | ogi cal
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reinitializations in |ike manner as geographical and logical initialization
i s perfornf@2&®hg power on or reset. Preferably partial rREHP$I5HA42at i ons
are always perforned as long as a function of an interconnected

peripheral 16 still requires interaction with the systemunit 12. Recal

that polling for connection transa&tbog agenent is schedul ed around
polling of the isochronous as well ¥a S hr onous functions of t he

i nt erconnect peripherals 16 for data comuni cation transactions, t hus

partial reinitialization may be perforned w thout having to interrupt
servicing of the isochronous and asynchronous functions of the
i nterconnected peripherals 16. _ WO 96/ 13769

PCT/ US95/ 14242 +| ol 46-
Thus, a method and apparatus for dynanically managi @] g|&|&]onnection
t opol ogy of an hierarchical serial bus assenbly has“bgaf descri bed.
Wil e the present invention has been described in t er [R|® of the above
enbodi nents, those skilled in the—att—will recogni ze pAiht \~ S
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I nvention Jj imted to the enbodi nents described. The n 0

appar at us vg$9€}ﬂ’§64present I nvention can be practiced with n&%%gﬁl&gﬂ

and alteration within the spirit and scope of the appended clains. The
description is thus to be regarded aﬁ-}l)u[sts'ative instead of limting on
the present invention. : 27

1. An apparatus for dynamcally determ ning and managi ng connecti on

t opol ogy of a serial bus assenbly including a bus controller, one or nore
bus signal distributors, and one or nore bus intes8aces for hierarchically
i nterconnecting one or nore peripherals to a systdmunit of a conputer
system each bus interface bei 88 couel edd to a bus signal di stributor,

which in turn is | Data Buffers
Control State r
Machine —»-Ye ’L%b o
and Circuitry L
Nodes
f Control/Status »
Registers
|
54
Figure 8
62 60 64

Device Oﬁérating | Configuring
Software [¥— >| System Software

L 1
I

Serial Bus Controller Services

- Connection Management | 58

- Transaction Management

Figure 9



coupled t bus signal distributor, except for one b i I
distributgvsgggﬂgéh is coupled to to the bus controller, séﬁgwg%%§;§¥us
.conpri si ng: first circuitry for initializing each bus signal

di stributor and each bus interfacep 'Lp ;gredeternined default address at
power on/reset, and for subsequent $3 eﬁf ing the comon geographi cal
address with a uni que geographical address assigned by the bus controller
that is reflective of the one or nore bus signal distributors and the one
or nore bus interfaces' topological position in the serial bus assenbly;
second circuitry for enabling an upstream port and disabling all other
ports of each bus signal distributor at power on/reset, and for selectively
enabl i ng the disabled ports as instructed QN the bus &entroJler; and

third circuitry and conpl ementar | dbic, \fi r&t and second
circuitry, for facilitating tRe_bys ¥ontroll en oy{ a yogica

hi erarchi cal view of the serial  ructing
the disabl ed ports of the bus >
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enabl ed, one disabled port at a tine, to increnentally detect the presence
of each D¥Q2¥IYAA distributor/bus interface, and assign FPCHFISIa42
.geogr aphi cal address to each detected bus signal distributor/bus

interface, in a systematic nmanner, on/reset and periodically
during operation. _ 039 'p% ' 28 2. The
apparatus as set forth in Caiml, wherein said first circuitry conprises
a plurality of initialization circuitry and conplenentary |ogic
correspondi ngly di sposed on said one or nore bus signal distributors and
said one or nore bus interfaces, one initialization circuitry and

conpl enentary
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Y

| ogic for signal distributor/bus interface, for initializing each
of said vﬁégg}ﬁ#%re bus signal distributors and one or norRCTHEWSII#MRr f aces
10 identical the predeterm ned default conmon geographi cal address at
power on/reset, and for subsequently replacig the conmon geographi cal
address with the assigned uni que geographi cal address. 3. The
apparatus as set forth in Clainll,%wﬁe/eﬂnSSaid second circuitry conprises
a plurality of port enabling/disabling circuitry correspondingly disposed
on said one or nore bus signal distributors, one port enabling/disabling
circuitry for each bus signal distributor, for selectively enabling and
di sabling ports of each of said one or nore bus signal distributors,
i ncluding enabling the wupstream port and disabling all other ports of each
of said one or nore bus signal distributors at power on/reset, as well as
enabl i ng/ di sabl i ng a di sabl ed/ enabl ed port as instructed by the bus
controller.
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*

4. The aRBA; as set forth in Caim3, wherein, said third circuitry
and conplenenfgggﬁlogic conprises first control circuitry ahd™ @ﬁentary
4 ogi ¢ di sposed on said bus controller for assigning a uni que geographical
address to a bus interface, mhenevir ;?e 3¥s interface is detected, said
first control circuitry and conpl n% a1 | ogic further determ ning how
many functions are supported by a peripheral hosting the bus interface,
and assigning a unique |ogical address to each ofgthe functions, upon
assigning a uni que geographi cal address to the bus§interface.

29

202d
TIER 3

TIER 2

TIER 1
202¢

202b

TIERO

g

NODE 1

\ g0\ _

6 I"NoDES +16t | NoDEG }—169

Figure 14

- NODE 4 B

18a HUB 1
NODE 0

18b

/L

WNSTREAM



5  The awggé,fg,k@ as set forth in Claim4, wherein, said _té}'t{ﬁ?%g’%gi try

and conpl enentary logic further conprises second control ci d
:conpl enentary | ogi c di sposed on said bus controller for systematically
instructing the disabled ports of a P sigmal distributor to be enabl ed,
one port at atinme, detecting if a bus interface is connected to a port
once the port is enabled, and instructing the port to be disabled if no
bus interface is detected , Whenever the bus signal distributor is

det ect ed. said third neans U s oripry ses third circuitry and
conplenmentary logic for determning 'fP@WQU@VBﬁgﬁa-Zﬂ%tributor or a bus
interface is connected to the bus co oHey—at—poelver on/reset and
periodically during operation; said third circuitry and
conplenmentary logic is also used for controgling said second circuitry and
its conplenentary |ogic, causifg i cong..clycurtry ajpd its
conpl enentary logic to performsai 5&5%?& ¥ ngﬁbress si gnnent ,
function determ nation, and | ogical a j t, ver a bus
interface.is determ ned to be ¢gonnecte O%!SP e‘ggégagﬁontr | 1 er;and

Hubs Enable Port 0 And
Disable All Other Ports

-208

Host Perform Geographic
Initialization

Host Perform Logical
initialization I 212
Determine Polling Schedule
Including Hot Plug/Unplug -214
Detection

l
=)

Figure 15a



said third circuitry and conplenentary logic is also used for controlling
said firstW2W18Wond circuitry and their conpl enentary | ogPET/USISR4y sai d
first and second circuitry and their conplenmentary logic to performsaid
port enabling, peripheral detectign, ge?gsaphical addr ess assi gnnent,
function determ nation, |logical a dﬁe stassignnent, and port abling, for
all logical tiers, one logical tier at tine, whenever a bus signal
distributor is determ ned to _be connected to the bus

30 6. In a conputer syst y et

bus controller, one or noxe.b
I nterfaces, for hierarchical
system wunit of the conpy

upstreamto a bus si gnal| shisd etk
anot her bus signal .
v 218

pbly, including a
¢ one or nore bus
T als to a

i nt er connge

Detect Presence
Of Hub/Node,
Identify And Assign
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Select Next Tier }. oog

Select An
“Unprocessed" Hub
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di stri but ' t he except of one bus signal distributor, which is

coupl ed 8%!&9}@%%’&9,[0 the bus controller, a nethod for dynanfCHPp/14242
~determ ni ng and managi ng connection topol ogy of the serial bus assenbly,
the method conprising the steps of:4 / 15 a) initializing each bus signal
di stributor and each bus interface with a predeterm ned default conmon
geogr aphi cal address at power on/reset; b) enabling an upstream
port and self-disabling all othker po of each bus signal distributor at
power on/reset; and c) s&l eBTAREl y] i nstructing the disabled ports to
be enabled, one at a tine, to I ally detecting the presence of each
bus signal distributor/bus_interface, enploying a |ogical hierarchical

view of the serial bus assergytburréfitPq i ng a uni que geogr aphi cal
rnméié

address to each detected QuHighest togg/ bus interface to repl ace
the predeterm ned default address, in a systematic
manner, at power on/reset,

and

" Enable
Current Port

Issue Presence Que
Using Default GEO ADDR

Disable
Current Port

- Set Current Port
Asgg?ﬁyéﬁgd ;bhfxuxmmr

u e umbered Po
GEO ADDR Accordingly h

Figure 15¢



periodically during operation, by the bus controller, the unique
geogr aphi cCHP 96/43769 ess bei ng refl ective of the one or nore bepcIEsENdlez
distributors and the one or nore bus interfaces' topological positions in

the serial bus assenbly. 31 7.
The met hod as set forth in Claima)%/nfheisg step (a) conprises self-
initializing each of said one or re fbusYsi gnal distributors and one or
nore bus interfaces to the predeterm ned default comon geographi cal
address at power onlreset. 8. The method as set forth in daim?7,

wherein, step (c) further conprises assigning by the bus controller a
uni que geographical address to a bus interface wupon detecting a bus
interface, and determ ning by the bus controller how nany
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functions are supported. by a peripheral hosting the dgigE W-};{
and assigning by the bus controller a |ogical addresf}sgtegb ,[11 HES

rort ace. ”p"“lfll‘llllﬂllﬂ 11 )| etk e’”ﬂ‘g‘?

conprises systemati&alty Tnstricting the di sabl ec V18$é§ B Wapagﬂu
distributor to be enabled, by the bus @mtroller, irfﬁcf atnge{i, n‘eto paged ..
detecting if a bus interface is connected to a pqrt by the bus co Ohkﬁ
once the pekAIMS enabled, and instructing the podt Qﬂ“ﬂ)@ﬁjmmﬁr‘ah ....... o 98
the bus controller if no bus interface is detected 10

conput er system bus controller for interconnecting one or nore per| pheral s

to a system uni }\ntahprpoarg&sofg?d%anq})craﬁy %%?ermining and managing connection

topology of a serial bus assembly including a bus controller, ~zefo- one or more
bus signal distributors, and one or more bus interfaces for hierarchically

interconnecting one or more peripherals to a system unit of a computer system,

each bus interface being coupled to a bus signal distributor, which in turn is
coupled to another bus signal distributor, except for one bus signal distributor,
which is coupled to to the bus controller, said apparatus S_comprising:

ﬁrét means circuitry for initializing each bus signal distributor and each

bus interface with a predetermined default address at power on/reset, and for

subseqguently replacing the common geographical address with a unigue
geographical address assigned by the bus controller that is reflective of the one

or more bus sig naldlstnbutors and the ¢ one or more bus mterfaces es’ topological

position in the serial bus assembly; |
second means_circuitry for enabling an upstream port and disabling all

other ports of each bus signal distfibutor at power on/reset, and for selectively

¢nabling the disabled ports-as instructed by the bus controller' and
third g;eaﬁ' circuitry and complementary logic, coupled to the first and
. second circuitry, for empleying: facilitating the bus oontr_oller to employ a logical
hierarchical view of the serial bus assembly ha#mg—a—phralﬂy—ef-leg&al—heﬁs to

selectively instructing the disabled ports of the bus signal distributors to be
enabled, one disabled port at a time, to incrementally detect the presence of

each bus signal distributor/bus interface, ‘ene-logicaltierat-a time, and assign a
l\
unique geographical address to each detected bus signal distributor/bus \

interface, ina systematic manner, at power on/reset and periodically during

operation.

REPLACEMENT SHEET
10 MAR 1998




interfaces and one or nore bus signal distributors, each bus interface

bei ng coupl ed upstreamto a bus signal distri ~dmlrn i s

coupl ed wupstreamto another bus signal distr @mcmm S}. xception of
one bus signal distributor which is coupled upsfreamto the Hug controller,
the bus controller conprising circui tgs and cpnpl dn@MAR99%0di g for

sel ectively instructing disabled portS of the pus signal distrfibutors to
be enabl ed,, one 32

"ncr ement a?i y daPg &P%@”Fusraess%%fsﬂhm i breeleinsaie el meqps cireuitry
di stribut ogg,, H?igggtagﬂu%h Ia%%ltclj&'gq%lﬁt Eng%ﬁgﬁec t Qgirg ibgiges, ~and

assigning a'u Ss 10 each us” si gnal

di stribut Oééﬁéépbmnﬁgwgpéééd&%éﬁ%@feo bRLrehdred SghatdistritieR and

said one or more bus interfaces, one initialization circuitry and complementary

logic for each bus signal distributor/bus interface, for initializing each of said
Zere' one or more bus signal distributors and one or more bus intgrfaoes to an-

identical the predetermined default common geographical address at power

on/reset, and for subsequently replacing the common geographical address with
the assigned unique geographical address.

3. The apparatus as set forth in Claim 1, wherein sajd second means
circuitry comprises a plurality of port enabling/disabling circuitry -and~
complomentarylogic correspondingly disposed on said -zero’ one or more bus

signal distnbutors one port enabling/disabling circuitry and—eemp#emen%aﬁr
{egie- for each bus signal distributor, for selectively enabling and disabling ports

of each of said zero one or more bus signal distributors, including enabling the

upstream port and disabling all other ports of each of said -zefs- one or more

bus signal distributors at power on/reset,_as well as enabling/disabling a
disabled/enabled port as instructed by the bus controller.

4. The apparatus as set forth in Claim 3, wherein, said third mean$ circuitry
and complementary logic comprises first control circuitry and complementary
logic disposed on said bus controller for assigning a unigue geographical
address to a bus interface, whenever the bus interface is detected, said first

'm‘—-—q

control circuitry and complementary logic further determining how many
functions are supported by a peripheral hosting the bus interface, and assigning

a unigue logical address to each of the functions, .wheaeverthe-bus-interface-is
deteeted . upon assigning a unique geographical address to the bus interface.

L




géographi cal address, at power on/reset and periodically during operation,

eppl oying a logical hierarchical view, the unique geographical address

being reflective of the one or nore bus signal distributors and the one or

interfaces' topological positions in the serial bus—assenbly

nore bus,

each of the bus signal distributors/bus interfaces o t he
predeterm ned default common geographi cal address Eil! M!ﬂ ﬂ[gﬂ
whereas each of the bus signal distributors enabll am port
and disabling all other ports at power S n/ reset. 11. The conputer

system bus controller as set forth in C
conpl enentary |l ogic conprises first control

| ogi ¢ for assigning a unique geographical address to a bus interface,
detecting the bus interface, determ ning how many functions are supported
by a peri pHsral Toe@ppgratue aswtmrtl'enf@laﬁn dnheseisi gaidrthird amemirffu eirtgitriyc al

address to each of the functions,

and complementary logic ¢ further comprises second control circuitry and

compiementary logic d:sposed on said bus controller for systematically -erabling

Iim10, wherein said circuitry and
circuitry and conpl enentary

upon

instructing the disabled ports of a bus signal distributor to be enabled, one port at

a time, detecting if a bus interface is connected to a port upen—enabhng once
the port is enabled, and _disabling instructing the port to be disabled if no bus

interface is detected omﬂe&aﬁ—ﬁ&s&-ewsu&auand-eemplementapy-lege-ass@ns

-cornested-to-the-pod , whenever the bus signal distributor is detected.

said third means further comprises third circuitry and
complementary logic for determining if a bus signal distributor or a b
interface is connected to the bus controller at power on/reset an
periodically during operation; .
~ said third circuitry and complementary logic is als¢used for
controlling said second circuitry and its complemept#dry logic, causing . .
- said second circuitry and its complementary logi€ to perform said ,
. geographical address assignment, functiga”determination, and logical
address assignment, whenever a bus ifiterface is determined to be
connected to the bus controller;

said third circuitry complementary logic is also used for
controlling said first ape”second circuitry and their complementary logic,
causing said first afid second circuitry and their complementary logic to
perform said p6rt enabling, peripheral detection, geographical address
. function determination, logical address assignment, and
isabling, for all logical tiers, one logical tier at time, whenever a
signal distributor is determined to be connected to the bus
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upon assi gni ng a uni que geographi cal address to the_DM§_L%%§Liaﬁg%e+n12.
The conputer system bus controller as set forth in Caim A, said
means circuitry and conplenentary |ogic further cogm circuitry
and conpl enentary logic for systematically instruc mmm‘ @ E ports
of a bus signal distributor to be enabled, one port "at¢a ti cti ng
if a bus interface is connected to a paPt upon once the port |s enabl ed,
and instrucling the port to be disabled again if no bus
i nt erf .i dn @csumpiter system comprising a serial bus assembly, including a bus
controller, ze#§” one or more bus signal distributors, and one or more bus
interfaces, for hierarchically interconnecting one or more peripherals to a system

unit of the computer system, each bus interface being coupled upstream to a bus

signal distributor, which in turn is coupled upstream to another bus signal

distributor, with the except of one bus signal distributor, which is coupled
upstream to the bus controller, a method for dynamically determining and

managing connection topology of the serial bus asserhbly. the method
comprising the steps of:
a) seif= initializing each bus signal distributor and each bus interface with

a predetermined default common geographical address at power on/reset;

b) .sel< enabling an upstream port and self-disabling all other ports of

each bus signal distributor at power on/reset; and

c)selectively instructing the disabled ports to be enabled. one at a time, to

incrementally detecting the presence of each bus signal distributor/bus interface,

‘by-the-bus-contreller, employing a logical hierarchical view of the serial bus

assembly

assigning a_unigue geographicai address to each detected bus signal

distributor/bus interface to replace the predetermined default cofnmon
- geographical address, 'in a systematic manner, at power on/reset, and
~ periodically during operati.on,' by the bus controller, the unigue geographical

address being reflective of the one or more bus signal distributors and the one or
more bus interfaces’ fopological positions in the serial bus assemblx.

{M—.-_ bt 2 7
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whenever the bus signal distributor is detected. REBLACEMENT SHEE’;ii'd

nmeans further conprises third circuitry and conpl enmgntary | ogic¢c for
determining if a bus signal distributor or a bus intenfa¢e MAR ¢gygneted to
the bus controller at power on/reset and periodicallfy{during operatgop;
said third circuitry and conplenmentary logic is al s used—for—TomntTol |ing
said second circuitry and its conpl emerﬁlary | ogi ¢, ¢ausi ng said second

cireui {1y a7 rEOBhERE SotorRth Sikith ACE! AREIIA LT IEA UoRIEA sgyldr cos

assignnment,” femtion determ nation, ogi res ment, enever
a bus i nt er infifflizirny 8841P611541802418 BRe & MSBURE digndilRstibEtor® BhHMALH; and
said third circuitry a conplenmentary logic is also used for controlling
said first more®usdn@irfaces o yareiuEmttal thecorspletermited defaulfi commansi ng sai d
first and second circuitry and their conplenmentary logic fo performsaid
port enabl i geognaphiqaheddrestcdtgmiwern/tgseyr aphi cal address assi gnnent,
function determ nation, |ogical address assignnent, and port dis ng, for
all logical tiers, one logical tier at tine, whenever a bus signal
distributor js determned to be cor_lnect,ed‘;a;(g} t he hus

syst em bus é 8nall hginetheg asotetdfap in Siaig 8. L

assigning by the bus controller a unigue geographical address to a bus interface
upon detécting a bus interface, and determining by the bus controller how many

functions are supported by a peripheral hosting 2" the detected bus interface,

3 A co ter
wherein, step (é) further comprisrrpe%

and assigning by the bus controller a logical address to each of the functions,
upon assigning a unigue geographical address to the bus interface.

A 9. - The method as set forth in Claim & 8, whérein, step (c) comprises
systematically instructing the disabled epabliiig ports of a bus signal distributor
to be enabled, by the bus controller, one port at a time, ifthe-seral-bus |
assembly-includes-atleast-one-bus-signal-distributer; detecting if a bus interface
is connected to a port by the bus controller uper-enrabling once the portis
enabled, and disabling- instructing the port fo be disabled again by the bus
controller if no bus interface is detected er-afterassigninglogicel-addresstesite

b £ - - a¥aldlala ry heo o alat= ata Na-the-DUsS- e Ha CORAL e = o oy =

410 A computer system bus controller for interconnecting -atleast one

or more peripherals to a system unit through ‘atleast one or more bus

interfaces and zete- one or more bus signal £ distributors, each bus interface

being coupled upstreamto a bus signal distributor, which in turn is coupled
upstream to another bus signal distributor, with the excegtion of one bus signal

distributor, which is coupled upstream to the bus controller, the bus controller
comprising -raeans—circuifry and complementary logic for selectively instructing

disabled ports of the bus signél distributors to be enabled! one at a time, to

* c L M H *




a-plurality of ports including a first port; the
couple the bus signal distributor upstreamto ei
diestributor or a bus controller, and the remaini
couple bus interfaces or other bus signal distrijp

signal distributor; first circuitry for initil
distributor with a predeternm ned def auﬁ common
power on/reset and for

subsequent |y repl acing the. commn geogr ap i cal e%fli ress with a uni
‘geogr aphi cancregenially 3@ Pf‘??@"ﬁﬁr‘%ﬂw % ﬂ‘e"?hg—% € bus
geogr aphi cal add ein I ectLy ; _ Y E BE%E% S
t opol ogi cal® 4'?‘8&”?053 %édr %? %Ug gﬁ%"é?f g%&ﬁﬂ_é secong S
cireuitry coupk&dghRg'd'dnid E%%o%%ﬁté’al%réﬁ ol edBhPditebRd bus signal
distributor/bus interface to replace a predetermined default common

eographical address, at power on/reset and periodically during operation,
employing a logical hierarchical view, ‘having-a-plurality-ofHegical-tiers;-one-
logical tier at-a-time- the unique geographical address being reflective of the one
or more bus signal distributors and the one or more bus, interfaces’ topological
positions in the serial bus assembly;

each of the bus signal distributors/bus interfaces is initialized to the

predetermined defauit common geographical address ant power on/reset,
whereas each of the bus signal distributors enabling only an upstream port and
disabling all other ports at power on/reset.

BTN

e

eographi cal addregs at
34

a5 a1 The computer system bus controller as set forth in Claim_3#1" 10,

. wherein said meens circuitry and complementary logic comprises first control
circuitry ahd complementary logic for assigning a unigue geographical address to
a bus interface, upon detecting the bus interface, determining hqw many
functions are supported by a peripheral hosting the bus interface, and assigning

| a_unigue logical address to each of the functions, whenreverthe bus-interface-is-
detected. upon assigning a unigue geographical address to the bus interface.

A8 12. The computer system bus controller as set forth in Claim % :Ii,'
wherein, said means circuitry and complementary logic further comprises
second circuitry and complementary logic for systematically -erabling instructing.
the disabled ports of a bus signal distributor to be enabled, one port at a time,

detecting if a bus interface is connected to a port upon enabling- once the port is

enabled, and disablirg instructing the port {o be disabled again if no bus

0+ ¢ L M s ox

ort eing uged to
rﬂsﬁsﬁggt?'éﬁmt( t he bus
lizlng the bug$ signal



automati-cally enabling the first port and disabling all other ports at
power on/reset, and for selectively enabling th FERPONSi ve to
comands addressed to the bus signal distri butorREbﬂﬁ{ EW[}E[SS sinld

Il er.

14. A bus interface for coupling a peripheral jtq a systemuni§ &hrough
zero or nore bus signal distributors and a bus cdntjr ol iGMAR!99R bis
I nterface conprising: first circuitry forf ijnitializing theibus

apni cal a

interface with a predeterm ned default conmmon ggog res
power on/reset, and for subsequently mrgplacing tihe co
address with a uni que geograph| cal address a55| gned by the bus control I er,
the uni que detegfaphiscitecteddosated girstelrceittiang-admplee o} =Y

.t opol ogi cal

wherein,

said means further comprises third circuitry and compleméntary
logic for determining if a bus signal distributor or a bus interfaCe is
connected to the bus controller at power on/reset and pgrodically
during operation; _

said third circuitry and complementary logicAS also used for
controlling said second circuitry and its compleshentary logic, causing
said second circuitry and its complementary’logic to perform said
geographical address assignment, fungtion determination, and logical
address assignment, whenever a byg interface is determined to be
connected to the bus controller; and

said third circuitry apd’ complementary logic is also used for
controlling said first ang/6econd circuitry and their complementary logic,
causing said first and’second circuitry and their complementary logic to
perform said pogt’enabling, peripheral detection, geographical address
assignment,#(nction determination, logical address assignment, and
_port disgbfing, for all logical tiers, one logical tier at time, whenever a
| bus stgnal distributor is determined to be connected to the bus

oYe aile
- O .

A5 1___ A computer system bus signal distributor comprising:

a plurality of ports including a first port, the first port being used to couple

the bus signal distributor upstream to either another bus signal distributor or a

bus controller, and the remaining ports being used to couple bus interfaces or
other bus signal distributors upstream to the bus signal distributor;

first . mean® circuitry for ssif-initializing the bus signal distributor with a
predetermined default common geographical address at power on/reset and for

VAR N
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| er through the zero or nore bus signal

bus control St+-rbutors ro
accepting an geographical address assignnent by the gﬁﬁigg , teach
of the bus signal distributor enabling an upstreanlpor 0 Sabki phg al
ot her ports at power on/reset, and then enabling tthq_disabled.pest, [One at

a tinme, at the instruction of the bus c¢¥ntroller; jand third

‘circuitry coupled to the second circuitry and to the——bu-s—cm'rt-r'u'r‘t"er'

through the

one | ogi cal

wgeﬂegmrregmm#%wmlﬁbﬁgé@m;?;néalfaﬂdréw\hith bainiggeat | east
addr ess_assi gnmen UsS controller to at least one :

function of géeanaphigah address assagned by the bus controller, the unigue geographical

address being reflective of the bus signal distributor's topological position in the

serial bus assembly; and
second ‘mea#ns- circuitry coupled to the ports and to the first means for

automatically enabling the first port and disabling all other ports at power
on/reset, and for selectively enabling the other ports responsive to commands

addressed to the bus signal distributor by the bus controller.

46 J4. A bus interface for coupling a peripheral to-a system unit through
zero or m.ore bus signal distributors and a bus controller, the bus interface
comprisfng:

first means’ circuitry for ‘seH'initializing the bus interface with a
predetermined default c.ommon geographical address at power on/reset,_and for

subseguenﬂx replacing the common geographical address with a unique
geographical address assigned by the bus controller, the unigue geographical

address being reflective of the bus interface’s topological position in the serial
bus assemblg

second ‘means circuitry coupled to the first” mears cwcuntg and to the
bus controlier through the zero or more bus signal distributors for accepting an

geographical address assignment by the bus controller,each of the bus signal

distributor enabling an upstream port and disabling all other ports at power
onlfeset! and then enabling the disabled _g___ort! one at a time, at the instruction of

the bus controller; and
third imeans cwcmt coupled to the second meaﬂs , circuitry and to the
bus controller through fﬁe zero or more bus signal distributors for facilitating at

least one logical address assignment by the bus controller to at least one

RO O Y

function of the peripheral.



