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(16b-16¢c) penpherals to the. sysnem unit of a computer system. The circuitry and complemenmry logic of the serial bus elements support
gathering of various critical operating characteristics by the bus controller (14). The circuitry and logic provided in accordance to these
gathered critical ‘operating characteristics guarantee latencies and bandwidths to the isochronous functions of the isochronous (16a,
"16d-16f) peripherals. In certain embodiments, the circuitry and logic provided to the bus controller (14) further adapt in real time its frame
based polling schedule in like manner, responsive to live attachment/detachment of serial bus elements.
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A nunber of interrelated considerations is naking it desirable to
have a single, relatively fast, bidirectional, isochronous, | ow cost",
and dynamWeI9A3TIBnf i gur abl e serial bus for sinultaneously PCI/USYSGAXSCtI Ng
i sochronous as well as asynchronous peripherals to the system unit of
a desktop conputer system |[|sochronous peripherals are peripherals
that generate real tinme natural data such as voice, noti on vi deo, and
the Iike. These interrel ated considerations include:

Cannection of the Tel ephone to the Desktop Conputer It is
expected that the nerging of conputing andj. comuni cation will be the
basi s of the next genefgPi on of productivity applications on desktop
conputers. The te Of ' oL i ght gd _a hurg Qi ented _dat a
typesfromone@ﬁ&&m R P OTe. B eTaS O e
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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 peripherals
are peripherals that generate real time natural data such as voice,
motion video, and the like. These interrelated considerations include:

- Itis expected that the mergmg of computmg and
communication will be the basis of the next generation of productivity
applications on desktop computers. The movement of machine
oriented and human oriented data types from one location or
environment to another depends on ubiquitous and cheap
connectivity. Unfortunately, the computing and communication
industries have evolved independently. As a result, a wide range of
desktop computer and telephone interconnects have to be supported.

SUBSTITUTE SHEET (RULE 26)



-2- _ : Ease of Use ‘The | ack of

flexibility in reconfiguring desktop conputers has been acknow edged
as its‘ear;'yl&.pﬁ heel to it's further devel opment . TherfeuEhimat | on of
user friendly graphical interfaces and the hardware and softwar.e
mechani snms associated with the new generation of system bus
architectures have nade desktop conputers - less confrontational and
easier to reconfigure. However, fromthe enduser point of view, the
desktop conputer's I/ O interfaces such as serial/parallel ports,
keyboar d/ nouse/ joystick interfaces, stid2 |ack the attri butes of plug
and play or too limting in ternms of the type of 1/0O devi ces that can

be live attached/ det acm £ Use Por t Expan5| on

The addition of extern erip to deskto ' onputers conti nues
to be constrained by p 891& E{ﬁxﬂ?lwy 1y Feca "Hpb&“%ﬂg dESktOPaC‘éﬁnPd%t?’@ctlonal
IovvlL c?st tI01uua§ beéht dchﬂcﬁﬁbdﬁd a@@lrsaer\cllﬁ?]lés n.)@f&l tteltds further back the
proliferati el eghone/df ax ers
Bwer | ng. maRTeleBERI FR Eomieifafif 8 1eF RHalY ¥ fbhical mRHARELY
keyboar ds, naud ébe hardwake iasi sqftwarenmdlaatsms assmmtedrwzthothe new for one
- or two point &Eé}gﬁshsof ﬁfsltéc‘rﬂ Q&Mx%ﬁlﬂe@ Qibéskiéia 'cﬁmpu(}elf's added to

t he deskt op orrputer a new | nte ace ned to
addr ess t hi sleﬁ@@gnfrontatxonal an easier to reconﬁgure However from the

enduser point of view, the desktop computer's I/O interfaces such as
serial/parallel ports, keyboard /mouse/joystick interfaces, still lack the _
attributes of plug and play or too limiting in terms of the type of 1/0O ‘
devices that can be live attached /detached.

Port Expansion | |

The addition of external peripherals to desktop
computers continues to be constrained by port availability. 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 optumzed
for one or two point products. As each new function or capability is
added to the desktop computer, typxcally a new mterface 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 penpherals, virtual reality penpherals, 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 provxded with guaranteed latencies
and bandwidths. Furthermore, the devices are expected to be hot
attached and detached, with the serial interface being able to
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In other words, this desired serial bus is expected to provi de | ow
cost S|nultaneous connectivity for the relatively | ow speed 10-100
kbps i nt e evi ces such as keyboard, nouse, stylus, PCT/USSS{IA209
peri pherals, virtual reality pefipherals, and nonitors, as well as

t he noderate speed 500 - 5000 kbps isochronous devices such as | SDN,

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

devi ces are expected to be connected and active at the sanme tinme, and
yet the latter type of devices are providegd with guaranteed | atencies
and bandw dths. Furthernore, the deV|ces are expected to be hot

»

attached and dejached, wth the seri ilerface bei ng able to WO
96/ 13777 ynamically reconfigure itself w1t out mterruptmg operatporrofidhe; 14209
- 3- dynaiesktdp yoingraef spstem.i t sel f without interrupting operation of
t he deskt op conputer system

There are several technologies that are commonly
considered to be serial buses for connecting peripherals to system units
- of computer systems. Each of these buses is designed to handle a
specific range of communications between 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 provides a
simple read/write protocol to up to 16 devices. Only basic functions
are required of the controller and interface hardware. Thus, the
implementation cost is expected to be low. However, ADB supports
data rates only up to 90 kbps, just enough to communicate with
asynchronous desktop devices such as keyboards and mouses. It is not
capable of simultaneously supporting the moderate speed isochronous
devices discussed earlier.

Access.bus (A.b): A.bis developed by the Access.bus
Industry Group. It is based on the I2C 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 gererally considered to be
more versatile than ADB_.A:b's protocof has well -defined
specifications for dynag"attach,;arhttrauon, 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



There are several technol ogies that are commonly considered to be
serial buses for connecting peripherals to systemunits of conput er
syst ens wéees79f these buses is designed to handle a PCIARNO5/M4209 ' ange
of comuni cations between systemunits and peri pherals. Particul ar
exanpl es of these buses include: Appl e[ err]  Desktop Bus
(ADB): ADB is a proprietary bus of Appl e Conputer Inc. It is a '
m ninmalist serial bus that provides a - sinple read/wite protocol to
up to 16 devices. Only basic functions are required of the controller
and interface hardware. Thus, the -4npl enent ati on cost is expected to
be | ow. However, ADB supports data rates only up to 90 kbps, just
enough to corfailslshat'mrvmiéetmg the sejuiramenssust desitioderaevspeed such as
keyboar ds anqggajr%)% u % ﬁ:%ot capabl e of. sinultaneously supporting
t he noder at e 'Spee chf 016 devi ces discussed earlier.

Access.bus (A.b): A b is devel oped by the Access. bus Industry G oup.

It is based on the I[ermgﬁ§@q§g;plgégw Blus
sof tware nod

desi gned pri %F&N&Tq% :ﬂhg fgﬁmcﬁﬁ{)@{a

m)usesb Fbme\&turdﬁdnlhklmcnemﬁoapém herus, dAehitk ind héé uire- bumaggﬁgﬁﬁinl e than
R0 A0S, PI8L 860k RIS, RASLOMSE: supper RS sbacERls i L
interface. I\/Mynahmmu'ansﬂersf owver thensame set oﬁﬂeslgnaiumms, bfokereup
controller ang 4;#feféd @AAIA GF@bEK ahlUFatalsinals. Thus, it is capable of | |

simultaneously meeting the requirements of low speed interactive as |

well as moderate speed isochronous devices. However, elaborate

functions ate 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 becommg 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 transfeprates 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
moderate 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 compentxve for the desired desktop
application.
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i npl enentation cost is only marginally conpetitive for the desired
desktop application. Wile addressing is provided for up to 127

devi ces, WOS6{18HAt i cal | oading:is |imted by cabl e | engt hs RPETIUSIS/A209

di stribution considerations. Revision 2.2 specifies the bus for 100 kbps
operation, but the technol ogy has headroomto go up to 400 kbps using

t he sanme separate clock and data wires. However, at 400 kbps, A b still
W06/ 13777 '

PGT/ US95/ 14209 . - 4-
falls short in nmeeting the requirenents oP-t he noderate speed
i sochronous devi ces. | EEE' s P1394 Serial Bus

Speci fication (aka FireWAsewill be disclesed it moresdetatlibglowe the presend seri al
bus. It is desi{gnedioN brsvil Hesi ) [ Vil inerkpheral s,
whi ch may require bll?g{ Eg‘;cf\k}vi%ttﬁgi(_jne Sf!‘ed se?%?(%égsa%lé?% fﬁ%g?‘“%t*ﬁs) pr ot ocol
supports both associated soutraller, bridging connectors and interfaces, that _
advantageously overcomes the limitations of the prior art serial buses

in a novel manner.




asynchronous transfers over the sane set of 4 signal wres, broken up

as differential pairs of clock and data signals. Thus, it is capable of »

si nul t aRgPYgpisyr7EEt i Ng the requirenents of | ow speed int epapiisydiacy

wel | as noderate speed i sochronous devices. However, el aborate .
functions are required of the controller and interface hardware;

rendering FireWre to be non-price conpetitive for the desired .
desktop application. Mreover, the first generation of devices, based

on FireWre's specification, are only just becom ng available in the

mar ket . The Concent#@tion H ghway Interface (CH ): CHI
IS devel oped by Anerican Tel ephone & Tel egraph Corporation (AT&T)

~for term nal SyAIMARY OF THE INVENTION S @ ful |l duplex tinme division
mul ti pl exed serial 1 nterface Tor digitized voice transfer in a

comuni cation system The protocol consists of a nunber of fixed time
slots that can carry vdheepreseatdndentbon rintludet diraiitrgrandhe current

i has 4 SpAEeRiehferdogic PRINGR B L Bl Boblrofieh € rifiier Of Fin g 1
Dat a. Both, signaFdistributersd andea oumbersefgbus interfagesyefan drierarchical
centrally (i sérialFfis ¥ -fof tHE 1bdstcd:n‘{rcﬂie‘iQOF®ﬂi’é?h&aﬂ}' g%d@r'ﬁt%adl‘?d)‘ls' y
meeting the r&e’ﬁw r.emag_ts o lgﬂ(HV S (ieﬁd_ I nt rlgcftlr e ﬁ\sygmgelf as .the
moder at e speBPRINEIR R Hame based peding;schedule for malling the fungtions of
functions ar thexbag agents dottheeted Retieosirill Biugraszamhbly aadf thesebial Bogr e.
';‘E p?i L:ts :Jl)h efehertsS RERRARL: PIAE RiGAPRREL st Ris gsr},gmciﬁ)sr'ig HedgRk OP
serially interface a number of isochronous and asynchronous
peripherals to the system unit of a computer system. These circuitry
and complementary logic of the serial bus elements support gathering
of various critical operating characteristics by the bus controller. The
circuitry and logic provided to the bus controller in turn generate the
frame based polling schedule in accordance to these gathered critical
operating characteristics, guaranteeing latencies and bandwidths to the
isochronous functions of the isochronous peripherals. In certain
embodiments, the circuitry and logic provided to the bus controller
further adapt in real time its frame based polling schedule in like
manner, responsive to live attachment/detachment of serial bus
elements.

Typically, the bus controller is disposed in the system
unit, and interconnected to a number of 1:n'bus signal distributors and
a number of bus interfaces. The bus interfaces are-disposed in the
connecting peripherals, one bus interface per cohnecting peripheral.
The peripherals, through their bus interfaces, are generally connected
to the system unit, through the bus controller, using one or more of
the 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
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As Wi Il bWQE’85ed in nore detail below, the present POTESS6/14209
provi des the desired serial bus assenbly, including its associ at ed
controller, bridging connectors and interfaces, that advant ageousl y
overcones the limtations of the prior art serial buses I n a novel
manner . WO 96/ 13777 '

PCT/ US95/ 14209 .

elements, and the peripherals form an hierarchy of interconnected
devices.

- A connecting peripheral may be an isochronous or an
asynchronous peripheral. Typically, the isochronous peripherals
operate with data rates in the range of 500 - 5000 kbps, whereas the
asynchronous peripherals operate with data rates in the range of 10 -
100 kbps. Furthermore, a connecting peripheral may be a multi-
function peripheral, i.e. multiple functions being mapped to a single
bus connection point serviced by a single bus interface.

The bus controller, the bus signal distributors, and the
bus interfaces jointly implement a master/slave model of flow control
for serially interfacing the interconnected peripherals to the system
unit to facilitate data communication transactions between the bus
agents, and connection management transactions among the serial
bus elements at the bus agents and the serial bus elements’ respective
operating speeds. Furthermore, these serial bus elements jointly
implement a frame based polling schedule for polling the functions of
the slave peripherals and the slave serial bus elements that guaranties
the latencies and bandwidths of the isochronous functions. The frame
based schedule, also referred to as a super frame, has a number of sub-
schedules, also referred to as soft frames. An isochronous function is
polled as frequent as it is necessary in one.er more soft frames of the
super frame to guarantee jts-latency-and bandwidth. The rest of the
pollings are scheduled Ateund the polling of the isochronous
functions, typically in at most one soft frame. During operation, the
bus controller systematically polls the functions of the interconnected
peripherals through their bus interfaces for data communication
transactions, and the serial bus elements for connection management
transactions in accordance to the polling schedule.

At power on or reset, the circuitry and complementary
logic provided to the serial bus elements under the present invention



- 6- SUMVARY OF THE | NVENTI ON The present
I nvention includes circuitry and conpl enentary | ogic provided to a
bus con a nunber of 1:n bus signal distribu 5 nunber
of -bus fdrll gé’ gg"es of an hierarchical serial bus assmgslg%“?he bus
controller to dynam cally generate and mai ntain a franme based polling
schedul e for polling the functions of t he bus agents connected to the -
serial bus assenbly and the serial bus el enents thensel ves. The
hi erarchi cal serial bus assenbly is used to serially interface a
nunber of isochronous and asynchronous -8- peripherals to the systemunit
of a conputer system These circuitry and conpl enentary |l ogic of the
Sﬁri al tbus tel ﬂ?&a&ﬂﬁﬂ&rgathéflhglﬂlbﬁ@he bus co%irdlié?llﬁté@lczrrbquﬁéknd lémgratl ng
characteristic controll’er circuiliry‘an 0gi C
provided to tf ‘%@‘8’6‘3&‘? SPP‘étlmﬁ‘?‘I ?ﬁ?mew&eﬁtoé tlhﬁér isochro; NQus Hatissed

pol I'i ng schedtransacticnal equiremendstfoe asynchromoes furictionslas well asoper at i ng

charact er i St eonn@ird Biaflolinddt, GRY fanshitt B@g& bf blkse! Radiétions.

i sochr onous functlon Sothronous p
enbodi ments, The dyquitytand legic prgvided m/th@bus sontroller $hen sletermine

further adapt thelgwedt latetRey feqqufifdiBn s Btk Lb@chkél%@é?hﬁ%ﬂcﬁls' And! get
. manner, respo&‘lveto live. attach t/dta Iilment of seri ¥
el ement's. e soft frame size to equa he lowes atency requxrement of the

isochronous functions. These circuitry and logic of the bus controller
further determine an isochronous watermark delimiting the upper |
limit of a soft frame for polling isochronous functions to ensure the ‘
guaranties are met, as well as a frame watermark delimiting the upper
limit of a soft frame for performing any kind of polling to ensure

- operational reliability.

In some embodiments, the circuitry and logic provided to
the bus controller then schedule polling of as many isochronous
functions as possible within each soft frame, for data communication
transactions, subject to the constraint of the cumulated transmit times
of their isochronous data being less than the isochronous watermark.
Residual isochronous functions, if any, are rejected by the bus
controller for exceeding bus capacity. Then, the circuitry and loglc
provided to the bus controller schedule polling of the asynchronous
functions for data communication transactions, and the serial bus _
elements for ‘connection 'management- ;trl;nsajttions; around the
polling of the isochronous functions for data communication -
transactions, subject to the constraint of the cumulative transmit time
of each soft frame being less than the frame watermark using
multiple soft frames if necessary. o

In other embodiments, the circuitry and logic provided to
the bus controller further determine the least common update rate
required by the isochronous functions based on their respective
update rate requirements. The update rate requirements are equal to
the reciprocals of the respective latency requirements of the -
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Typically, the bus controller is disposed in the system unit, and
I nterconnected to a nunber of 1 in bus signal distributors and a
nunber of WORS/B3AT%er f aces. The sbus interfaces are di sposed i RCTRIS95/14209
connecting peripherals, one bus interface per connecting peripheral.
The peripherals, through their bus interfaces, are generally connected
to the systemunit, through the bus controller, using one or nore of
the bus signal distributors disposed in the systemunit, stand al one
bri dgi ng connectors and/or the connectingcﬁeripherals. A bus

interface is always a term nation point. 'y a bus signal distributor
may have one or nore bus signal distributor(s) and/or bus interface(s)
connect ed upst riseghrenqus fungiianser Upon determining the least sommpnpgpdate WO

96/ 13777 rate of the isochronous functions, the circuitﬁy and logic prE#EHdSRS/ 14209
-7- el emi\ntg, andp%)g’:é peri phe&al s forman, kL era;cl'% f.
i nt er connect ed the bus gon r further determine a multiplier for each isochronous

function to multiplicatively expand the isochronous function's
required update rate to the least common update rate. The circuitry
and logic provided to the bus controller then schedule pollihg of the
isochronous functions in multiple soft frames, for data
communication transactions, based on truncated versions of these
multipliers, and subject to the constraint of the cumulated transmit
times of the isochronous data of each soft frame being less than the
isochronous watermark. Similarly, residual isochronous functions, if
any, are rejécted by the bus controller as the earlier described approach.
Polling of the asynchronous functions for data communication
transactions, and the serial bus elements for connection management
transactions, are scheduled around the polling of the isochronous
functions for data communication transactions as the earlier described
approach.

In some embodiments, the bus controller, the bus signal
distributors, and the bus interfaces also jointly support having the bus
controller dynamically detects live attachment/detachment of serial
bus elements and dynamically manages the connection topology. For
these embodiments, the circuitry and logic provided to the bus
controller further adapt in real time the frame based polling schedule
in like manner. g T
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A connecting peripheral may be an isochronous or an asynchr onous
peripheral. Typically, the isochronous peripherals operate with data
rates i nge of 500 - 5000 kbps, whereas the: us
perlphg?gﬁgﬁggzrate with data rates in the range of 10 - ﬂéﬁﬁ&g@aggkbps.
Furthernore, a connecting peripheral may be a nulti- function
peripheral, i.e. multiple functions being mapped to a single bus
connection point serviced by a single bus interface.

The bus controller, the bus signal distributors, and the bus
interfaces jointly inplenent a master/shgve nodel of flow control for

serially interfacing the interconnected peripherals to the system

unit to faci BW’EF%ESQQEWWU]@QWH\&,{E““O“S bet ween t he bus
agents, and COnnectl on nanagemen rans rons anong the seri al bus
el enents at the bus agents and the serial bus elenents' respective
operating speeds. Furtmaen£MMrml bbt&esehbéaru wia§igtt | y

i mpl enent a S ol Ldn .fu ctlons of
the sl ave pe;;;%ﬁg’}%%' 8&@%9#5’&27 3?}@ &éﬁﬁg}l% elﬂéﬂ’%ﬁ?tg Quar anti es
t he | at enci esc@meaylma drawings hhwhxsbdikemeﬁemmtemdbnoressmiilm' frame
based schedu#pem@t{ oaﬁa & W0 as a super frame, has a nunber of sub-

schedul es so re erre to as soft frames. An isochronous function is
pol led as frequent as iFighee hiluswaiey amexaraplary momputersystemes of t he

sulo;ar frame ix&ogpgfalﬁtm ¢hé erihPbaY qa?clqﬁﬁ%%]pm Bsen1ihavéﬁﬁbn0f the
R e ATV
bus cont r.ol | assesylslyeofeFiguae [lyinphirtlsert detaflunct i ons of "t he interconnect ed '
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 co'ntrolling
transaction flows;
Figure 4 illustrates a frame based pollmg 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 transacnons employmg the
master/slave model of flow control; : .- 7 = .
Figure 7 illustrates one embodiment of the cables
physically connecting the serial bus elements urider 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
sxgnal distributor of the present invention mcludmg its port circuitry;
Figures 12-13 illustrate one embodiment of the bus
interface of the present invention including its connector circuitry;
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peri pheral s through their bus interfaces for data comunication
transactions, and the serial bus elenents for connecti on managenent

transacti o9 9H3HIcordance to the polling schedule. | PCT/US95/14209 ¢
power on or reset, the circuitry and conpl enentary | ogi c pravided to
the serial bus elenents under the present invention WO 96/ 13777

PCT/ US95/ 14209 - 8-

jointly facilitate gathering by the bus controller |atency requirenents

of- i sochronous functions, transmt tines of 1t heir isochronous data,
transactional requirenments for asynchronoug functions as well ‘as :
connection managenent, and_transmt tines of these_ transactjons. The

circuitry and |ogic provi digure ldHdustratesthelowest latarey matbpdigfdhe
the |owest |at e@ryséxﬁqufeﬁflbﬁtfo@f%ehb?aﬁ ahframeUsasednsolliogsscheddls that
the soft frame g f8rhRes Midhclbl Snd BERGwidHE S isoe oo fiincliont]"®

Figures 15a-15c illustrate the method steps of the present
invention for scheduling polling of isochronous functions in a soft
frame under the lowest latency method;

Figure 16 illustrates one embodiment of the method
steps of the present invention for scheduling polling of asynchronous
transfers in one or more soft frames under the lowest latency method;

Figures 17a-17¢ illustrate an exemplary application of the
lowest latency method; : _ '

Figure 18 illustrates the lowest latency and least common
update rate method of the present invention for generating a frame
based polling schedule that guanraties latencies and bandwidths of
isochronous functions; . _

Figures 19a-19c¢ illustrate the method steps of the present
invention for scheduling polling of isochronous functions in a set of
soft frames under the lowest latency and least common update rate
method;

Figure 20 illustrates the method steps.of the present
invention for scheduling polling of asynchronous transfers in one or
more sets of soft frames under the lowest latency and least common
update rate method; _ _

Figures 21a-21b illustrate an.exemplary application of the
lowest latency and leagiseommen update rate method.

e

i



I sochronous functions. These circuitry and | ogic of the bus controller
further determ ne an isochronous watermark delimting the upper .
limt ofygleer@hdy frame for polling isochronous functions t ek bg,ﬁza'&e
guaranties are net, as well as a franme watermark delinmiting the-upper.
limt of a soft frarre for. performng any kind of polling to ensure

operational reliability. I n sonme enbodi nents, the
circuitry and logic provided to the bus controller then schedul e

pol ling of as many isochronous functions as possible within each
soft frame, for data conmunication -12-transacti ons, subject to the
constraint of the cumulated transmt tines of their isochronous data
bei ng | ess t I PRTAIEEDSDESCRIPTIONAt er mark. . Resi dual i sochronous
functions, if any, are rejected by the bus _ controller for exceeding
bus capacity. Then, the circuitry and logic =~ ~ provided to the bus

control l er schedul e pol I tige folldwingadystetp timO&Sr purposesfofraip l@ﬁ?u(fn@r data
conmuni cati ong e nts_f,or

connect | on nuRSGARABRKEE maRHL" %@r %ﬁi{ﬁbs%f%ims are sef TR 1 ¥ o

i sochr onous fmd@nstmﬂughtl@ndeﬂmdmgmfoﬂle present invemtdon. ons, subj ect
to the constr@bffevet, ﬁ Qﬁllcb@rﬁg?ﬂéfﬁ tb' S Elillell iffBthe e art th?toﬂche?felgfr af t frane

being less than the 'f usi ng}ﬁ) nmes if
necessary. invention may practiced, witheut mﬁ%@ﬁfi@mlhﬂeﬁtPM| try and

| ogi ¢ provi ddfisances, well Kiowi Systetd atd Showh!in'@lagi@nerafier bleed east
common updat e, rate hronous fun Ilons based on

their respecthegram fomhmjg?cge 3?5%/8&5?‘*‘8 Rre s‘l’ﬂ% M-rate q

“requirenents are equal to

Hierarchical Serial Bus Assemblx for Serially Interfacing lgoghfonoué
and Asyncrhnous Peripherals to a System Unit of a Computer System

Referring now to Figure 1, a block diagram illustrating an
exemplary computer system incorporating the serial bus teachings of |
the present invention is shown. Exemplary computer system 10
comprises system unit 12 having serial bus controller 14 of the present
invention, 1:n bus signal distributors 18 of the present invention, each
having n+1 ports 24, and peripherals 16 having bus interfaces 22 of the
present invention. Peripherals 16 are coupled to bus controller 14 of
system unit 12 through 1:n bus'signal distribufors 18 and 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 periphez:aglé;:‘ftﬂ&'-"fé each other.

Cables 20 are preferably low cost two signal wires cables 48
and 50 (as illustrated in Fig. 7). However, cable 20 are capable of
supporting data transfer rates up to 5 Mbps. Furthermore, when such
low cost cables 20 are employed, electrical signals are preferably
propagated over the two signal wires 48 and 50 between the
interconnected devices 14, 18 and 22 in a differential manner. For
examples, a negative voltage differential represents a 1-bit and a
positive voltage differential represents a 0-bit. For some
embodiments, data and control states are further inferred from the
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the reciprocals of the respective latency requirenents of the WO
96/ 13777 PCT/ US95/ 14209 *
- 9- WO 9641321 onous functions. Upon deternining the | eaBCTRSHIBRpdat e

rate of the isochronous functions, the circuitry and |ogic provided to
the bus controller further detern1ne a multiplier for each |sochronous
function to mul tiplicatively expand the isochronous function's
required update rate to the | east comon update rate. The circuitry
and logic provided to the bus controller then schedule polling of the
i sochronous functions in multiple soft frames, for data

communi cati on transactlons based on truncated versions of these

mul tipliers, arslecitispbsignals' voltagerstatesiand/or durationswiAepetticulans i t
times of the Ism@&t@uausﬁt& éléct?ﬁ&ﬁhﬁ‘ég edent'd bahagcdrﬁfoﬂ §than "VP?*

i sochr onous wat er.mar k im | ?} res functi ons,

| SOC ou
any, are reject¥Rjtage $ ﬁtees igBal Q\xraggortsH.é b@:‘i idke i pbed approach.

contemporaneously filed copending application, serial number
08/332,337 entitled Method And Apparatus For Serial Bus Elements Of
An Hierarchical Serial Bus To Electrically Represent Data And Control
States To Each Other, which is hereby fully incorporated by reference.

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, except 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 described 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 assembly26' interconnects bus
agents telephone 16a, S%pcund keybeai'&'IGb_ including keyboard,
pen and mouse functigismonitor. 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 invention, a bus interface 22a - 22f is
always a termination point. Only a bus signal distributor, e.g. 18a, may
have one or more bus signal distributors, e.g. 18b, and/or one or more



Pol 1ing of the asynchronous functions for data conmuni cation :
transactions and the serial bus elenents for connection nanagenent .

t ransacgy e schedul ed around the polling of the iso -
functlons or ggta conmruni cation transactions as the earllerﬂggég??%ed

appr oach. I n sone enbodi nents, the bus controller, the
bus si gnal distributors, and the bus interfaces also jointly support
havi ng t he bus controller dynam cally detects live
attachnment/ det achnment of serial bus el enents and dynami cal ly manages
t he connection topol ogy. For t hespt-enbodi nents, the circuitry and

| ogi ¢ provided to the bus controller further adapt in real time the

f b d : | Lke o8 7
rane based Dok inlterfA€8S4E A6a, coupledupétGariiigIE" For the pu%s%%fll:ﬂg

isclosure, upstream means "towards the bus controller". Thus, -
except for the degenerate case where the serial bus _assembly 26 has
only one connecting peripheral 16, typi'cal‘ly itis a bus sighal
“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 16¢. 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 edoperate to implement the
master/slave model 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/slave model, the bus controller 14
provides flow control for all data communication transactions
between the bus agents at their respective operating speeds. The bus

- interfaces 22 engage in data communication transactions on behalf of
the functions of the peripherals 16. However, the bus interfaces 22
accept or transmit data only if they have been authorized or instructed
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BRI EF DESCRI PTI ON OF DRAW NGS The present invention

w Il be described by way of exenpl ary enbodi nents, but not

limtati orQ9MsIBtrated in the acconpanyi ng draw ngs PCT/US$8514209i ke
ref erences denote simlar -~elenents, and in which:

Figure 1 illustrates an exenplary conputer system i ncor porating the
serial bus teachings of the present invention; Fi gures 2
illustrates one enbodi nent of the serial bus assenbly of Figure 1 in
further detail; Figure 3 illustrates a naster/sl ave
nodel of flow control enpl oyed by thgipresent I nvention for serially
I nterfacing the I nt erconnected peripherals to the systemunit and

control ling (akat "ipalledt} tardofsiodeys the bus controller 14. The Bugsigeal

illustrates a f 8oy a%grn ention
I npl ement ed by g%ﬁbgwg rren%’ggg cl)‘FstW]sfiFgﬁl aPHhsttﬁButors -Fyfg\f esli‘%lés"'
Figure 5 il ust FangRarens foremitsawhe ﬁ 4@9‘?%1“%6‘%%%% itFRpsgetions aret he
present inventiesndugtbd rlsxfw&edb@s/cémnmdha&ntefbds%terfaces 2206H eénalmg

u

serial bus ele ncti.Qns us a

6 illustrates {T‘EP hbesg %Fgﬁﬁ“sel'@h‘ésh?é g’ S S‘g%aq @BWPE%% &?Vﬁﬁegé}'%lyof the
present i nvent i participateninndata Mnmunlcamnntraasacmmserateeptodaham:dmspmg -
transactions enpigyi t he mast er/ sl ave nodel of flow control;

Figure 7 illustrates one enbodi ment of the cables - physically
connecting the serial bus elenents under the present

The bus controller 14 systematically polls the functions of
the interconnected peripherals 16 through their bus interfaces 22 for
data communication transactions in accordance to a polling schedule
which guarantees latencies and bandwidths to the isochronous.
functions of the interconnected peripherals 16. Polling of the-
isochronous functions of the interconnected peripherals 16 for data
communication transactions are prioritized over for all other polling
and as frequent as they are necessary to meet the guaranty. Polling of
the asynchronous functions of the 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 bufcﬁntroller 14, the bus
signal distributors 18 aajirthe bus mterfates 22 further engage in
connection managemem#mnsactmns ‘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. Polling of the bus signal distributors 18 and the bus



I nventi on; Figures 8-9 illustrate one enbodi nent of the

bus controller of the present invention including its associated *

sof t Walgg 96713777 Figures 10-11 illustrate onep @l‘m@ et of the
1:n bus signal distributor of the present invention i1nc udlng its
port circuitry; Figures 12-13 illustrate one enbodi nent
of the bus I nterface of the present invention including its connector
circuitry; WO 96/ 13777

PCT/ US95/ 14209 -11-

Figure 14 illustrates the | owest | atenels-net hod of the - . present

invention for generating a frame based polling schedul e that
guanraties |gitefaé@s22ier Eaﬁﬁéwtfammmag[emhrﬁm&ﬁfo&\a%b%§o
S

Fi gures 15a-15c i Ll ustrat met of t ese I nvention
for schedul i $fegare 037‘8 E‘glﬁﬁgcﬁ’g]a? 't'q"lﬂ%s "W‘g‘ r}tthe frame
under the | mmatcokmbetudypenpherhls 16 for data communication transactlons

Preferably, the expanded polling schedule is also dynamxcally adapted

to the serial bus elements actually present. -

Figure 4 illustrate a frame based'polling scheduling of the
present invention implemented by some embodiments for
conducting the various transactions employing the 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. gua’ranteé its
latency and bandwidth. However, an asynchronous function 36a or
36b is polled only once in one soft frame 32 of the super frame 30 for
data communication transaction. ‘Similarly, an interconnected device
38a or 38b is also polled only once in one soft frame 32 of the super
frame 30 for connection management transaction.

Preferably, all isochronous functions-34a - 34b are polled
within a first percentage portion (P1) of a soft frame 32 to ensure the
latency and bandwidth guaranties are met. Isochronous functions that
cannot be accommodated within P1 are preferably rejected for
insufficient capacity.  The upper delimiter (M1) of P1 is also referred to
as the isochronous watermark. Similarly, all pollmg are preferably
performed within a second percentage portion (P2):of a soft frame 32
to ensure reliability of operation. - Multiple soft frames 32 are
employed if necessary to accommodate all asynchronous function and
serial bus element polling. ‘The upper del_imiter: (M2) of P2 is also
referred to as the frame watermark. o '
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Figure 16 illustrat es. one enbodi nent of the nethod steps of the

present invention for scheduling polling of asynchronous transfers *
in one or WO®13¥t franes under the | owest |atency met hod; PCT/US95/14209
Figures 17a-17c illustrate an exenplary application of the | onest’

| at ency et hod, Figure 18 illustrates the | owest

| at ency and | east common " update rate nethod of the present invention
for generating a frane based pol ling schedul e that guanraties

| at enci es and bandw dt hs of ) |sochron9us functi ons;

Figures 19a-19c illustrate the nethod steﬁ§ ‘of the present I nvention
for scheduling polling of |sochronous functions in a set of sof t

frames under the | owest | Masieys mannessiin whichosuchpfaarame daged pollingnet hod;
Figure 20 il]lusg n%tcﬁl?g ﬁeﬁl@d%ﬂﬁsgﬁaated are dbst¥Yd a0 for

schedul i ng pol | | ng o ?vh.ﬁi nous t ers 1n on nor e sets of
soft frames undBIOTerde W at ency and | east conmon update rate
met hod; Figures 2la-21b illustrate an exenplary

?rglto lhlogét on of V\E)hSGI 13777ijxgure§11|13§ne'a & g%BSm'pEiﬁéél ant ogxca%%ressﬁé%f

PCT/ US95/ 14209 the present invention implemented by some embodiments for
addressing the serial bus elements and functions of bus agents. For
ease of explanation, the same exemplary serial bus assembly of Figure
2 is used. However, the bus controller 14 is labeled as Host, aiso
referred to as Hub0. The bus signal distributors 18a-18b are labeled as
Hubl 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 223__@# :In orié¢ embodiment, the LOG ADDRes are

assigned to the functid®s%f the Nodes 16a - 16f'in a chronologxcal
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 "Hubl” and "Hub2" respectively, and in each case, the
upstream port being "Port0". Nodel and Node4 22b and 22e are
assigned the GEO ADDRes of "Hubl:Port2" and "Hub2:Port3”



-12- DETAI LED DESCRI PTI ON In the fol | owi ng

description for purposes of explanation, speci fi c nunbers, naterials
and condy -ons are set forth in order to prOVI?

understaﬁgu%g of the present invention. However ETEF% ge apparent
to one skilled in the art that the present I nventi on may- be

practiced without the specific details. In other I nst ances, wel |

known systens are shown in diagranmatic or bl ock diagramformin
order not to obscure the present invention. . Hierarchical Serial Bus .
Assenbly for Serially Interfacing |Isochi®&nhous - and Asyncr hnous

Peripherals to a SystemUnit of a Conputer System

Referring no " w exenplary
comput er sysye ;5:6 , Sddncifyip R6E ShAGKHR HUBCIGRAAD A8 s "Hub1

S.teac
present invefB

|
s’f?ﬁﬂﬁcn%&‘!nﬁﬂa ‘bﬁ%’ﬁﬁﬁ?@g .ﬂ%'fﬁagrf gonnecting Hﬂthfpr i ses
system uni t 18a aad 18b aerPett2b andcPoirt3y lespedtivedy. e furesions of

having el pDRdEL1eD dhéa %’sﬁ%&i'&ﬁsi?@e&ﬁgﬁ?%gﬁéfﬁfﬁ%% a5dLAS, The”
present i nvemtiereas Fl'afl.mtmmi of Iﬂ@daéel&aaplssgned thed QGnADDRe&f 14 of
"LA6"

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

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

~ address spaces facilitate dynamic connectiont management of the serial
bus elements, without havmg to mterrupt serv1ces to the functions of
the bus agents. ’

Figure 6 illustrates the essential elements of
' communication packets of the present invention implemented by
some embodiments for conducting the various transactions
employing the master/slave model of flow control. For these .
embodiments, packet identifiers 44 are employed to differentiate
control packets from data packets. Control packets are packets .
employed by the bus controller 14 to authorize or instruct the bus
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systemunit 12 through 1:n bus signal distributors 18 and cabl es 20.

Col l ectively, bus centroller 14, bus signal distributors 18, bus interfacés
22, and cY¥P8¥IIF7form a serial.-bus assenbly 26 interconnectRGI{UH544209
agents, i.e. systemunit 12 and peripherals 16 to each other. .

Cabl es 20 are preferably |l ow cost two signal wires cables 48 and 50
(as illustrated in Fig. 7). However, cable 20 are capabl e of

supporting data transfer rates up to 5 Mops. Furthernore, when such
| aw cost cables 20 are enpl oyed, electricalgsignals are preferably

propagat ed over the two signal wires 48 and 50 between the

i nt erconnect ed deV|c§ 14, 18 and 22 in a differential manner. For

exanpl es, a negB3Bnakdisgribitprs dgrand the bus intepfagendl 0 ngagR i and a
positive volt agﬁaﬂsafcftmnt(tc&itrbbpﬁﬂé‘e@@h&ﬁaﬁobh&lud@]ﬁa&@f&employed by

\?\ggfll g\;gt?s atth sxcgggf di tng fors 38 ];lejer L\r}se Ente?ffagesr ffj to agl@\ow?edge

PCT/ US95/ 14209 authorxzatxons or instructions from the bus controller 14. - 13-
Furthermore, addresses 46 are employed as appropriate to identify the
transaction parties. As will be appreciated that under the master/slave
model of flow control, the bus controller 14 as a transaction participant
may often be inferred, and therefore its address may be omitted.

Preferably, transaction flow, 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 "LAZz", may be specified to
accommodate those embodiments that support connection
management transactions and implement both types of addresses.

A particular implementation of employing such
communication packets to conduct the various transactions 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 884l 'strate?one-giribbdiment of the bus
controller of the pr ¢ ention. In this embodiment, the bus
controller 14 includes a control state machine and circuitry 52,
control/status registers 54, data buffers 56, and bus controller software
services 58. The control/status registers 54 are used to store the
various control and status data. For examples, the serial bus elements
present, their interconnection topology, the functions of the various
interconnected peripherals, the geographical addresses assigned to the
serial bus elements, the logical addresses assigned to the functions of

the interconnected peripherals. The data buffers 56 are used to buffer




el ectrical signals' wvoltage states and/or durations. A particular

i npl ementation of electrically represent data and control states with -«
vol t ageygloghpmmand/ or signal durations is described in txcrmsgsl“zw

cont enpor aneousl y filed copendi ng application, serial

08/ 332,337 entitled Method And Apparatus For Serial Bus Elenents O

An Hi erarchi cal Serial Bus To Electrically Represent Data And Contr ol
States To Each Ot her, which is hereby fully incorporated by reference.
Except for bus controller 14, systemunit 12 is intended to

represent a broad category of system urRo-s of conputer systens whose
constitutions and functions are wel | known, and will not be otherw se

further descgidggra f fid 8t/ cokieication t%fabgsﬁﬁmaséeﬁ%h BRis! Pheral s 16
are |ntended to re esent &ﬁroa tegorgrﬁ es top peri erals such

as keyboar ds38¢Rfs tate g and Greuisy PQ’éF@pﬂ\?nes
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e ot herwi se ei ntrol l,e us_si gna
distributors %léﬁg\gbﬁ\ aﬁ%cé‘sbegz"\ﬁgﬁr / B%VBJQBFF{@%?HPW figpio get ai l

bel ow wi t h adnder dl%lpmgn‘ammggftthetb\s controliérnepftwane sarvices 58. For

Figure 2 ill EARB. E‘Sﬁfr I ly of
Figure 1in urt her %g{}glﬁgbg% opgﬁggnﬁédﬁ?é asl‘?;arfultg{y 52%§massenbl y
26" i ncl udesOBexates the hardware, centralling: conmeqtisne management si gnal

di stributor g8asadtivragh émlenﬁn%ua\eshﬁ@?ér/ﬁla%rm@db%ﬂfﬁiw cdirdlus

agent s {61 cpMBLEERe b%%‘ﬁ%pﬁﬁﬁh\aé(a & SRR ARoR RGBSR,
logical addressing, supporting communication packet based ‘
transactions, and/or inference of data and control states from states of
the propagation electrical signals. In particular, the control and state
mahchine circutiry 52 causes the bus controller 14 to cooperate with
the bus signal distributors 18 and the bus interfaces 22, and perform
the frame based polling schedule generation and maintenance 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 conflgurmg 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
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pen and nouse functions, monitor circuitry 16c of nonitor 28,
speakers 16d-16e and m crophone 16f to systemunit 12. Together, the
system unMO%MA37The serial bus el enents 14, 18a-18b and 22aPQ!4US9Siht202 he

i nt erconnect ed peripherals 16a; 16f forman hierarchy. of

I nt erconnect ed devi ces. Under the present i nventi on,
bus interface 22a - 22f is always a termnation point. Only a bus

signal distrib
distributors,

PCT/ US95/ 14209
bus interfaces
di scl osure, up
except for the
only one conne

utor, e.g. 18a, nmay have one or nore bus signal
e.g. 18b, and/or one or m)rgi1 WO 96/ 13777
els - 14-

| ed upstreamto it. For thengurpose of this

. 16a,
087 430,375 084 352,578 And 08 338,87 .0 Brahoslq be noted daat the
aﬁé@ﬂw %‘f Quﬁ@ﬁ@hg"?@ tige hAFdwaré th %ﬂﬁé@%@%%eg Q)f hae

Bus L nltrol H%hlet{ 15 1mplemé/1?tla%1%nl Xependenta e p?eI rr]f’lj:1
invention may be practiced with any number of allocations, ranging
from minimal hardware usage to minimal employment of software
services.

Figures 10-11 illustrate one embodiment of the bus signal

distributor of the present invention. The illustrated embodiment is a
1.7 bus signal distributor 18' having control circuitry 66, control
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 frame based polling schedule generation and |
maintenance steps of the present invention, whcih will be described
in more detail below.

g St
N

In embognnts whaere the low cost two signal wire
cables 20 are used to tsfgonnect-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 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 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 irh_plementations.

a



di stributor, such as 18a, that is connected upstreamto the bus

controller 14. : Furt hernore, under the present .

I nvent i gyp ogh39eNNecti ng peripheral may be an i sochipeqrisss/PRhe Pher al ,
such as tel ephone 16a, " speakers 16d-16e, and m crophone 16f, or
asynchronous peri pherals, such as conpound keyboard 16b and nonitor
16c. The i sochronous peripherals may operate with a data transfer
rate as high as 5 Moyps, whi l e t he asynchronous peri pheral s nmay
operate with a data transfer rate as high as 100 kbps. Furthernore,
a connecting peripheral 16a - 1622y be a nultiple function
peripheral, i.e. multiple functions mappi ng to a single bus
connection point serviced by a bus interface, - e.g. 22b. Simlarly,

al t hough not shown, the,system unit.,1 uppor t. ltiple clients.
Figure 3 illustrates a%r?ésﬂ 819rE Q}@lﬂ%&ig?&&n??&mgﬁﬁf‘ﬁscﬁlgg& enpl oyed
by the presexdistributon 18, refer tosthe imicbyporated byaieferenbe copending nt er connect ed

peri pheral s t,a.t:hee:sys ' _ l.i ng _ transaction flow As
i | ustrat ed,B?Rielggtﬁéﬂ’c%%ﬁloqfl}ﬁe‘Pafig,syﬁﬁééé'gnaI bus “distributors 18,
and the bus interfaces 22 cooperate to inplenment the mast er/ sl ave

model of flow control. Figardy!$298MIUSIAES oRé ebBoditnett of the bud he master,
and the signal bgéz di ztfll butors .18 as, vvelo# ash,t he bug_ lbnterfaces 22
behave as s| BVETAsEs Of the presentinyvention, oferfhis pmbodiment, the bus

Under the nainterfage 22ecomplribes ¢dretrdludradttyr 80, lcentrbl/status registers 82 f | ow

control for fdn 32l ints & §£5h8Wd Fﬁ;@f% OB8, a Receive FIFO 76 and a
Send FIFO 78. Receive and Send FIFOs 76 - 78 are used to stage the ‘
receive and send data for data communication transactions. The '
control /status registers 68 are used to store its own control and status
information such as’its assigned geographical address, functions of its
"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 frame based polling
schedule generation and maintenance 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 propagatééi 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 Vec
as shown, pulling the signals on the two wires to Vcc complementary
to the pbrt circuitry of a connecting bus signal distributor 18. The
appropriate values of resistors 90 may also be determined empirically
depending on individual implementations. '



-

bet ween the bus agents at their respective operating speeds. The bus
interfaces%ﬁ&egﬁ?ge I n data comruni cation transactions on behal f of
i 3

t he funct

accept or transnit data only if ‘they have been authorized or instructed
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"polled") to do so by the bus controller 14. The bus signal
distributors 18 serve strictly as signal digtributors. They are nerely
transparent conduits when data comruni cation transactions are

conducted by the bus cont

of the bus agents. Thus, {Fﬁlglaﬁfggrgpg?pg}éﬂﬁgﬁql,pmrbpéIﬁgﬁ%\%ﬁtﬁ?@e??%y

participate in
wi t h dat a.

the functions o

14 a bus .inte al f

tifen ta therimdarpbratedtbyareferdricercopendirep applitations, sesipbnd

(aka

Pumber 08/332,375,_0-5%323?3 333%895525373:4 systematically polls

Frame Based Polling Schedule Generation and Maintenance

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 of the exemplary computer system 10, the frame based
polling schedule generation and maintenance steps of the present
invention performed by the serial bus elements will now be described
in detail.

Figure 14 illustrates the lowest latency method of the
present invention for generating a frame based polling schedule that
guaranties latencies and bandwidths of isochronous functions. As
illustrated, at power on or reset, the bus controller 14, in cooperation
with the other serial bus elements, determines the latency
requirement of each isochronous function, step 302, sets the soft frame
size to the lowest latency requirement, step 304, computes the
isochronous watermark for the soft frame, step 304, and determines
the transmit times of the isochronous data and all asynchronous
transfers, step 306. Latency requirements.gf an isochronous function
is dependent on the wgdepth’and déqueuing rate of the
isochronous periphei;ﬁiﬁypicaﬂy;, a margin of reliability is also
employed. | :

Preferably, the latency requirements of the isochronous
functions and the transmit times of isochronous data and
asynchronous transfers are gathered from the interconnected
peripherals as an integral part of the power on/reset initialization
process. Alternatively, the latency requirements and the transmit



the interconnected peripherals 16 through their bus interfaces 22 for
data communi cati on transactions in accordance to a polling schedul e y
whi ch . 2es | atencies and bandwi dths to the isochro N
functi g@%&ﬁe i nt erconnected peripherals 16. Polling 2?3@%95114209

I sochronous functions of the interconnected peripherals 16 for data

communi cation transactions are prioritized over for all other polling

and as frequent as they are necessary to neet the guaranty. Polling of

t he asynchronous functions of the interconnected peripherals 16

t hrough their bus interfaces 22 for dat-24conmuni cati on transactions

are schedul ed around the polling of the isochronous functions of the

| nterconnect ﬁﬁlé&eﬁia@hsé@aﬁ\é@dfﬁéstQﬁl@almﬁhﬁﬁ{ k&fnédtgtsact | ons.
Preferably, the polling schedyl’e is dynam cally adapted to the

i nt er connect '}%ﬁ"b‘ﬁé‘r tansagions.yal |y present. - | In sone
enbodi nents, the bus controller 14, the bus -  signal distributors 18

ansact i ons. enpl oyi ng Hreh SRS s Bt Brame size” RBATRUpGIA CUSTTRT )

Sinilarly, tisechbrenewnwatermark,sand detenprimeddthe fransmitotimes off e conduct i ng

t he connecti APORSISTR t Eﬁﬁ[ | @l nts'
respective ogpyg)rce;itzi ng spgieadgr.\d the ars?{} e ﬂl?si_g thﬁlﬁl%f&?%f@?ﬁx%ﬁ&f{fﬁd{éée{ﬁd t he

bus i nt er f acacheshiles ap anany @olling of isod\fenﬁesgvamma@m e iAAct i ons,
replyi ng witfoftdrarhe) babjettifo the condtidiar Btthe Rruatulapd eRnshiie timdéeopus

and the bus s Exediaed SRR dys funcrioS helng T BReC U RocRtpidla o bus ¢
si gnal di st r ademnark] Stem 308 hdResidual isochronous functions , if any, are ‘
rejected by the bus controller 14 for exceeding the bus capacity. Thus,
each scheduled isockironous function is guaranteed to be polled with a
frequency sufficient to meet its latency requirement, and at each '
polling it is guaranteed to be polled with a bandwidth sufficient for its
transmit time. - | o

-

The soft frame used to schedule the isochronous
functions is also referred to as the base soft frame. The manner in
which the isochronous function scheduli'ng' step is performed will be
described in more detail below with additional references to Figures
15a-15c¢. ' '

'After having scheduled polling of the isochronous
functions, the bus controller 14 determines’the number of
asynchronous transfers needed, i.e. the number of asynchronous
functions to be'polled, the number of connec'ti'oﬁ.'ma‘nagement'
transactions to be polled to detect live attachment/detachment of
serial bus elements, etc., step 310. The bus controller 14 further
‘determines the amount of asynchronous transfer time available per
soft frame, by subtracting the cumulative transmit time of the
scheduled isochronous functions from the frame watermark portion
of a soft frame, step 312. Finally, the bus controller 14 schedules the
asynchronous transfers in one or more soft frames, around the polling
of the isochronous functions, step 314. The residual portion beyond
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i nt er f aceWO2B/18TI7 connecti on nanagenent transactions are al BOT/US95/14209
schedul ed around pol |ing of t he*i sochronous functions of the

i nt erconnected peripherals 16 for data communication transactions.
Preferably, the expanded polling schedule is al so dynamically adapted

to the serial bus elenents actually present. Figure 4
i l:lustrate a frame based polling schedul iE@ of the present invention
| npl ement ed by some enbodi nents for ‘fonducting the various

transacti ons enpl oying the master/sl ave nodel of flow control. As
i | lustrated, tthe frame Mgptgnneduisereserve;l t@ ensure religbilityeaf operativiper frane,

conpri ses of aTREHRSANEY irf WhishhaeW nous tran@fe’i%ch@&ﬁhhg%té jgs soft
franmes. An |sochronou3dw§£ I on 34ar I nte ect e

peripheral 16 P€rfgeme %%Qﬁﬁc %n F&Ofﬁé#ég%egow wit Hﬁéagr nor e
soft franes 32reférédtes$¢|mguferme 30 to guarantee its

In some embodiments, the above described process is
repeated upon detection of live attachment/detachment of serial bus
elements, thereby dynamically adapting in real time the frame based
polling schedule to the serial bus elements actually present. The
manner in which step 308 is performed is slightly different when the
process is repeated in response to detection of live '
attachment/detachment of serial bus elements. These differences will
be noted when step 308 is described in more detail below.

Figures 15a-15c illustrate the method steps of the present
invention for scheduling polling of isochronous functions in a soft
frame under the lowest latency method. Initially, the bus controller 14
determines whether it is generating the first polling schedule, step 316,
i.e. whether it is scheduling at power on/reset or in response to live
attachment/detachment of serial bus elements. If the scheduling is
being performed for the first schedule, the bus controller 14
immediately proceeds to select one of the isochronous functions for
scheduling, step 318. Selection may be made arbitrarily or based on
some priority schemes. Next, the bus controller 14 determines if
scheduling the selecteggisechronous “furiction will cause the
cumulative transmit st the scheduled-isochronous functions to
exceed the isochronous watermark, step 320. If scheduling would not
cause the cumulative transmit time to exceed the isochronous
watermark, the bus controller 14 schedules the isochronous function,
and adds the transmit time of its isochronous data into the
cumulative transmit time of the scheduled isochronous functions,
step 324.




| at ency and bandw dt h. However, an asynchronous function 36a or 36b

Is polled only once in one soft frame 32 of the super frane 30 for .

data coxowgasayi on transaction. Simlarly, an interconnecsEflussaniss®d
38a or 38b is also polled only once in ane soft frane 32 of the super-

connecti on rranagerrent transacti on.

franme 30 for

Preferably, all
first percentage portion (Pl) of a soft frane 32 to ensure the

| at ency and bandwi dt h guaranties are net. |Isochronous functions that
cannot be accommbdated within Pl are pr2f-erably rejected for

I nsufficient capacity. The upper delimter (M) of Pl is also referred to

as Lhe | Sochr onous vl B keh<Aigehd iscehodhd Firitng leohes ably

performed wt

hi

to ensure reft'd
enpl oyed i f iseclswmnug ﬁmcaonsmhmmmmbeashmh}ednstep 326:cifi on and

seri al bus eA

referred to a

I sochronous functions 34a - 34b are polled wthin a
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PCT/ US95/ 142pus controller 14 returns to step 318, otherwise, scheduling of
isochronous functions is completed. -

Whenever the bus controller 14 determines at step 320

that scheduling of a selected isochronous function would cause the
cumulated transmit time of scheduled isochronous functions to
exceed the isochronous watermark, the bus controller 14 rejects the
selected isochronous function and terminates scheduling, step 328.
Preferably, the bus controller 14 will generate a fault condition
indicating that bus capacity has been exceeded, and identifies all
unscheduled isochronous functions, step 328.

Back at step 316, if the bus controller 14 determines that

the process is not being performed to generate the first polling
schedule, i.e. it is being performed to dynamically adapt the polling
schedule, the bus controller 14 further determines if the lowest latency
is less than or equal to the "old" soft frame size, step 330. If the lowest
latency is less than or equal to the "old" soft frame size, the bus
controller 14 proceeds to step 332, otherwise it proceeds with step 352.

. s

Continuing now with: Figure-iSb, at step 332, the bus

controller 14 deletes any isochronous functions rio longer require
service from the polling schedule. The bus controller 14 then
reschedules all the remaining "old" isochronous functions and
cumulates their transmit times as described earlier, step 334. Next the
bus controller 14 determines if the isochronous watermark has been
exceeded or not, step 336. If the isochronous watermark has been
exceeded, the bus controller 14 reestablishes the soft frame size and the
corresponding isochronous watermark, excluding the isochronous
function that yielded the lowest latency, step 338. The bus controller
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-17- " Various manners in which such fa ranme based

pol I'i ng schedul e may be dynam cally generated and updated, are
descri bedWO96/13777  nore detail ..bel ow. _ PCEISES/ 4209

il lustrates geographical and | ogical addressing of t he present

i nvention inplenmented by sone enbodi nents for addressing the serial
bus el ements and functions of bus agents. For ease of expl anati on,

t he sane exenplary serial bus assenbly of Figure 2 is used. However,
the bus controller 14 is | abel ed as Host, gl so referred to as HubO.
The bus signal distributors 18a-18b are |&bel ed as Hubl and Hub2.
The perlpherals 16a - 16f including their correspondi ng bus

i nterfaces 22a14 repeatgrstepssdd + 338 amdi] duicans deteamdne at step 336 thagiallNode6. The

functions of peeiriieing éld@s%chréﬁéu@'fﬁnbﬁ&% ?@vés’oeen reschE&@edFNl etc.
As illustrated, the S‘gbb us ee ts and functi.on t he bus

agents are assiPYRERPS rdhei PP“%@"#SB?‘@QF ngg@g‘e ( GEO
ADDR & LOG ADDR) of a geographical and a | ogical address space. More

20t gned GED ADDRec. - wher T Be sORHolBY 14 tied fleetSJosigfisn0 - 350 1
assi gned LOG Aﬁmept foprséere 848 sfeps 340 +850 jagle identicahto the $teps 320-328t he
upstream port QfestriBedléRriiEdY B&rd Blep 3ais' g Brnti (F-Eau¥eiReFhuit

condition in step 350 to be also generated in the event that the

“successful" adaptation of the polling schedule required exclusion of

one or more new isochronous functions with low latencies earlier at

step 338 to yield the eventual "successful" soft frame size.

Continuing now with Figure 15c, recall that the bus
controller 14 proceeds with step 352 if it decided back at step 330 the
lowest latency is greater than the "old" soft frame size. Steps 352 and
354 are the same as steps 332 and 334 described earlier. However, upon
rescheduling the old isochronous functions in step 354, steps similar
to steps 336 and 338 described earlier are not necessary, since the lowest
latency was determined to be greater than the "old" soft frame size
back at step 330. Thus, it is not possible for the bus controller 14 to fail
to schedule the old isochronous functions under the isochronous
watermark of the soft frame. The bus controller 14 than proceeds to
schedule the new isochronous functions in steps 356 - 364. Steps 356 -
364 are identical to steps 318 - 328 described-earlier.

Figure TéMiBtrates-one embodiment of the method
steps of the present invention for scheduling polling of asynchronous
transfers in one or more soft frames under the lowest latency method.
In this illustrated embodiment, polling of asynchronous transfers are
scheduled by groups. Particular examples of asynchronous transfer
groups include attention requests, management queries, and the like.
However, it will be appreciated that present invention may be
practiced without having the scheduling of asynchronous transfers
being performed by groups.



a Hub 14, and 18a - .18b, and the connecting Hub as well as the

connecting port of the connecting Hub may be inferred fromthe GEO .
ADDR of 22a -22f. In one enbodiment, the LOG ADDReg 5/14

assigned to the functions of the Nodes 16a - 16f in a chrionol ogi cé?g

manner . For exanples, in the illustrated exenplary
application, - Hubl and Hub2 18a and 18b are assigned the GEO ADDRes of

"Hubl : Port O' and "Hub2: Port Q' respectively, identifying the Hubs 18a
and 18b as "Hubl" and "Hub2" respectively, and in each case, the .
upstream port being "PortO'. Nodel and-28de4 22b and 22e are assi gned
t he GEO ADDRes of "Hubl:Port2" and "Hub2: Port3". WD 96/ 13777
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respectively, Tdentl Y & Mhe Mustrated Smbodiment, the biis controller 14

first selects a particular asynchronous transfer group for scheduling,

step 366. Then, the bus controller 14 selects an asynchronous transfer

for scheduling. Again either selection may be made in an arbitrary

manner or using ‘some priority schemes. Upon selecting an -

asynchronous transfer for scheduling, the bus controller 14

determines if scheduling the selected asynchronous transfer would

cause the cumulative transmit time of all scheduled

functions/ transfers to exceed the frame watermark, step 370. If ‘

scheduling would not cause the frame watermark to be exceeded, the

bus controller 14 schedules the selected asynchronous transfer, step

372. On the other hand, if scheduling would cause the frame

watermark to be exceeded, the bus controller 14 adds another base

frame, i.e. a new soft frame with similarly scheduled isochronous

functions, step 374, before scheduling the selected asynchronous

transfer, step 372.

Upon scheduling the selected asynchronous transfer, the
bus controller 14 determines if more asynchronous transfers are still
to be scheduled within the selected asynchronous transfer group, step-
376. If more asynchronous transfers are still to be scheduled, the bus
controller 14 repeats steps 368 - 372, until it is determined at step 376
that all asynchronous transfers within thersélected asynchronous
transfer group have been scheduled. The bus controller 14 then
determines if more asynchronous transfer groups are'still to be’
scheduled, step 378. If more asynchronous transfer groups are still to
be scheduled, the bus controller 14 repeats steps 366 - 376, until it is
determined at step 378 that all asynchronous transfer groups have
been scheduled. ' - '

Figures 17a-17¢ illustrate an exemplary application of the
lowest latency method. As shown in Figure 17a, in this exemplary
application, the bus topology includes the Host, one Hub, four Nodes
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and "Hub2" respectively, and the connecting ports of connecting Hubs
18a and 18b as "Port2" and "Port3" respectivel y. The functions of
Nodel 16bWQ/BIE] gned t he LOG ADDRes of "LAl", "LA2" and " IPGIMUS95/14209

whereas the function of Node4 16e is assigned the LOG ADDR of . "LAe6".
Preferably, the GEO ADDRes and the LOG ADDRes are ~ dynamically
assi gned at power on or reset, and updated in response to live

det achnent of interconnected devices or attachnent of additi onal

devi ces, by the bus controller 14 in coopeigatlon wi th the bus signal
distributors 18 and the bus interfaces 22:2A particul ar |rrpl enent ation
of such dynam C connectlgn managenent i s described in copendi ng

appl i cation, sdVANgfiveuneiens- Thesfive funciiens I&k@lﬁéﬁ Wﬁﬂe 15°Chr°¥\915%1r at us
For Dynam Ca' | )fuaehﬁhﬁ) . roDAag Imwlnﬂnmﬁt\y&@e channelTQﬁﬁ' sy O An

Hi erarchi cal Ser] al he or por at ed
by reference. asynchronous Punmglo\ﬁs, ?S'rﬁ{] eampﬂ@m sA‘ﬁfg% &'ADDRes are

used to asytchtomaus tansfers fen agenection maregements(GEOrpolie seri al
bus el enggy ﬁ% O dat a

conmmuni cati on traer?ggg]f?o s gﬁgﬂhﬁﬁ uncf‘?gﬁgﬂggq%hﬁﬁsg&aggnts The
separation of t3fEoRUBOdY dhet ammrp fothe isechranaus; funcsionsr and the

address spaces tiﬁ%rhittﬁ@s‘ﬁf%@l%élﬁﬁﬂéﬁ&'&hfﬁ%%ﬁﬂ”ﬂ%%e ]yhhﬁr&ﬁfdsm

bus el enents, vg_ (}ut having to.in err 3§8rw ces to the functions of
the bus agents. ansters are summarized in table

As shown in Figure 17b, the bus controller 14 first
determines the latencies of the three isochronous functions, CD, ISDN
T1, and Voice to be 364us, 667us, and 727us respectively, step 302a.
Thus, the lowest latency is determined to be 364us; the soft frame size
is set to 364us; and the isochronous watermark is computed to be
273us (using an exemplary 75% usage rate), step 304a. The transmit
times of the isochronous data and the asynchronous transfers are
determined to be 114us for CD Audio, 37.2us for ISDN T1 data, 37.2us
for Voice data, etc., etc., step 306a. Applying the method steps
illustrated by Figures 15a-15c¢, the isochronous functions CD Audio,
ISDN T1, and Voice are all successfully scheduled into a base soft
frame as shown, since the cumulative transmit time of their
isochronous data is 188.4us, which is less than 273us, the isochronous
watermark, step 308a.

Next, thedaus. coritroller. 14 "determines that polling for
two asynchronous futvetioms, five cofinection management
transactions (GEO poll), one attention request, and three management
queries are required, step 310. The bus controller 14 further .
determines that about 130us are available per soft frame for
asynchronous transfers (using an exemplary 95% usage rate), step 312a.
Having determined the transmit time available per soft frame, the bus
controller 14 then schedules the required asynchronous transfers
using five base soft frames as shown, step 314a. The resulting polling
schedule for this exemplary application is shown in Figure 17¢c.




Figure 6 illustrates the essential elenents of conmuni cati on pac'ket S

of the present invention inplenented by sone enbodi nents for .
conduct iwmgeé/Ey7yari ous transactions enpl oyi ng t he neggRideos1aes nodel
of flow control. For these enbodi nments, packet identifiers 44 are
enployed to differentiate control packets from data packets. Contro
packets are packets enpl oyed by the bus controller 14 to authorize or
i nstruct the bus WO 96/ 13777 '
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signal distributors 18 and the bus interdlaces 22 to engage in
transactions. Control packets may al so include packets enpl oyed by
the bus signal distributors 18 and the bus interfaces 22 to acknow edge

Fur Cher mor o, adr esacs M At ARG ol Buif thRaed il leashoompron.c
transacti on pipdategatessnethpd dfetheppresentinuention fomgeneratingrm ftameé sl ave
based polling schedule that guaranties latencies and bandwidths of
isochronous functions. The first three steps, i.e. steps 382 - 386 are
identical to the first three steps, steps 302 - 306 of the lowest latency
method described earlier. However, during the current method, upon
performing the first three steps, the bus controller 14 further computes
the update rate requirements of the isochronous functions, step 388.
The update rate fequirEme'nt of each isochronous function is equal to ‘
the reciprocal of 'its'la'te'ncy requirement. Next, the bus controller 14
determines the least common update rate of the isochronous
functions, and compute a muitiplier for each isochronous function to
multiplicatively expand the isochronous function's required update
rate to the least common update rate, step 390. -

Having performed the additional computaﬁons, the bus
controller 14 then proceeds to schedule polling of the isochronous
functions, step 392. Step 392 is similar to step 308 of the lowest latency
method described earlier. However, it differs from step 308 in that
polling of isochronous functions are scheduled using a set of base soft
frames instead of one base soft frame. The scheduling is also made
using the additionally computed multipliers. Step 392 will be
described in more detail below with additional references to Figures
19a-19c¢. - '

After having scheduled the isochronous functions, the

bus controller 14 proceeds with steps 394 and 396, which are similar to
“steps 310 and 312 of the lowest latency method described earlier.
However, step 396 differs from step 312 in that the bus controller 14
determines the amount of transmit time available in each base soft
frame of the set of base soft frames, instead of just one base soft frame.
Having determined the asynchronous transfer requirements, and the
transmit time available in each of the base soft frames, the bus
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nodel of flow control, the bus controller 14 as a transaction participant
may often be inferred, and therefore its address may be omtted.
Pr ef er abl YWOP6AFFActi on flow, such as frombus controller PCT/USO142993

function, froma first function to a second function, nay be _inferred
fromthe packet identifiers 44. Preferably, either geographical or

| ogi cal addresses 46, i.e. "HubX PortY" or "LAz", may be specified to
accommodat e t hose enbodi nents that support connecti on managemnent
transactions and inpl ement both™types of dresses. A
particul ar inplenentation of enploylng suc connunlcatlon packets to
conduct the various transactions cribed in th

cont enpor aneoustgntrelierl %élb%‘héﬁ-'}ﬂf{jh&ﬁbm%éﬁyf&ﬁhmﬁ‘@]dﬁ ;;q'ansfers, stepAfs. Step
08/ 332,573, ent3gs mw@biiﬁnamdstépmm&im&@w&mm fiethod desBbed St at us

d Co ds Ov S
Communi cat i on PRTKELs FIGHERS iR Sin s7H s14 in eiah 26T dfurigiys
ref erence. transfers are scheduléd gsires n&tlﬁpﬂé betstaf soét framespirsdeaeof of the
bus cont rquﬁg Ploft BarRESSGR 408G b best kA (S8R LR belobe DUS

controller 14 inc . machi ne an circul

control /status @itiorg) refesences dprRigures20.and bus control | er software
servi ces 58. The control/stat us registers 54 are used to store the
various control and stat ug}dat a. For t he seri us el egents

exanpl
present, their interconne FBWet?}BgPGH?enﬁshg‘q abeye gascr e REOGFS? 198
i nt er connect ed yapeaphtupbn, détbetige of 1arhatachme/ektachment ghsetridlobuiie

elements, thereby dynamically adapting in real time the frame based
polling schedule to the serial bus elements actually present. The
manner in which step 392 is performed is slightly different when the

~ process is repeated in response to detection of live .
attachment/detachment of serial bus elements. These differences will
be noted when step 392 is described in more detail below.

Figures 19a-19¢ illustrate the method steps of the present
invention for scheduling polling of isochronous functions in a set of
soft frames under the lowest latency and least common update rate
method. Similar to the lowest latency method, initially, the bus
controller 14 determines whether it is generating the first polling
schedule, step 400, i.e. whether it is scheduling at power on/reset or in
response to live attachment/detachment of serial bus elements. If the
scheduling is being performed for the firsf:schedule, the bus controller
14 immediately procgggs-to select one of the isochronous functions for
scheduling, step 403+ ¥wever, unlike the lowest latency method,
selection is based on the computed multiplier values of the
isochronous functions. More specifically, the unscheduled
isochronous function with the lowest truncated multiplier value is
selected. Next, the bus controller 14 determines if scheduling the
selected isochronous function will cause the cumulative transmit
time of the scheduled isochronous functions of each base soft frame of
a set of soft frames to exceed its isochronous watermark, step 404. The
set size is equal to the largest truncated multiplier value of the




serial bus elenents, the |ogical addresses assigned to the functions of
the interconnected peripherals. The data buffers 56 are used to buffer *

por/ O MIE - PCTYSI9

data of the data communication transactions between the bus : agents.
The control state machine and circuitry 52 operates the har dwar e,
controlling data conmuni cation transactions and enpl oyi ng the above
descri bed master/slave nodel of flow control, under the progranmng
- of the bus controller software servicesg2%8. For sonme enbodi nents, the
control state machine and circuitry 52 further operat es the hardware,
controlling 1§8£H}%?tbh§r¥u%869§”‘5l?fscheduhné NAORREC hbP Basd Y ElERAkfTe t e

mast er/ sl ave. .node| of flow con

51 frane ase &a,s schedul e,
enpl oyi ng gSERASIBHi iRe trfxceed t e|16<gqltran°aamt§§mﬂ§< e ARYHase §o . |
comuni cat i papes Ked bhafc@ihtroller 14 setwhfes s isorthdonous Pestigcen of data and
control st ataec%o; B MtE ?runcated multiplier value, and adds the transmit
time of its isochronous data into the cumulative ‘transmit time of

schedule isochronous functions for each base soft frame, step 406.

Upon scheduling the isochronous function, similar to
the lowest latency method described 'eai-lier', the bus controller 14
" checks to determine if there are additional polling of isochironous ‘
functions that need to be scheduled, step 408. If additional polling of
isochronous functions need to be scheduled, the bus controller 14
returns to step 402, otherwise, scheduhng of 1sochronous functions is
completed.

Whenever the bus controller 14 determines at step 404
that scheduling of a selected isochronous function would cause the
cumulated transmit time of scheduled isochronous functions to
exceed the isochronous watermark, also simi‘léxj to the lowest latency
method described earlier, the bus controller 14 rejects the selected
isochronous function and terminates scheduling, step 410. Preferably,
the bus controller 14 will also generate a fault condition indicating
that bus capacity has been exceeded, and xdentlfies all unscheduled
1sochronous functions, step 410.- = ...="_ "

Back at step 400, similar to the lowest latency method
described earlier, if the bus controller 14 determines that the process is
not being performed to generate the first polling schedule, i.e. it is
being pefformed to dynamically adapt the polling schedule, the bus
controller 14 further determines if the lowest latency is less than or
equal to the "old" soft frame size, step 412." If the lowest latency is less
than or equal to the "old" soft frame size, the bus controller 14
proceeds to step 414, otherwise it proceeds with step 434.



t he propagation electrical signals. In particular, the control and state
mahchine circutiry 52 causes the bus controller 14 to cooperate with
the bus siYRI¥%tributors 18 and the bus interfaces 22, anBCHEPISHR9
the frame based polling schedul e generati on and mai nt enance steps of

t he present invention, which will be described in nore bel ow

The bus controller softvvare services 58 programthe control state

machi ne and circuitry 52 responsive to the operating system 60 and
other software such as device and confi guigang sof t war e 62 and 64 of
the systemunit 12. In particular, the services include connection

h d f ) I . . ,
GATSELTER o Chaf U AR b AR TR e 58 b
functions of t ateimyeneﬂmdedesmhmdreqrher,adtsstepnmtl,aﬁmi thtle:tm
geogr aphi cal a%lét(ég'at?@ 1sﬁgﬂfcﬁ§cﬁf‘ssfun-r fon %eﬁcm&ﬁ%ef %&i‘éﬁ %érglfée?ﬂ@m the

transacti on mana ener a

pol i ng schedulpellipglschaduls The byérmtmilﬁ;’ B tamreschedulesradl thans of
the bus agents rea{diRi Qﬂﬁﬂq%cmnaﬁgtfaheubﬁ F?Hfbiﬁ% Bhsd 8&8@51&@5 AP

el enents and functlons t he bus a ent nd exc ge o
functions of t/fEIpgat %gg&ﬁgtransmxt fithes for all base s ’f‘%g \gl?q‘{;d

description of eabier)gtercadé.r Nedxtithe bus condrclisnrg @é‘térrhh@esbnﬂ&ns@mm | er

iggé\rﬁr ﬁ gsg};\p’): ﬁ%@qh?%ﬂgug fggteérﬁ ﬁ:l g lge bas'engc(o)frt rt)rarna\lése ﬂavz erSL Exeosded or

not, step 418. If the isochronous watermark of at least one base soft
frame has been exceeded, the bus controller 14 reestablishes the soft
frame size for the base soft frames and the corresponding isochronous
watermarks, excluding the isochronous function that yielded the
lowest latency, step 420. The bus controller 14 repeats steps 416 - 420
until it can determine at step 418 that all remaining old isochronous
functions have been rescheduled successfully under the isochronous
watermarks of all base soft frames.

The bus controller 14 then proceeds to steps 422 - 432.
Similar to the lowest latency method described earlier, except for step
430, steps 422 - 432 are identical to the steps 404 - 410 described earlier.
Extra step 430 is performed to cause the fault condition in step 432 to
be also generated in the event that the "successful” adaptation of the
polling schedule required exclusion of one or more new isochronous
functions with low latencies earlier at step428-to yield the eventual
"successful” soft frame.gy for-the base soft frames

R

Contmumg now with Flgure 19c, recall that the bus
controller 14 proceeds with step 434 if it decided back at step 412 the
lowest latency is greater than the "old" soft frame size. Steps 434 and
436 are the same as steps 414 and 416 described earlier. However, upon
rescheduling the old isochronous functions in step 436, steps similar
to steps 418 and 420 described earlier are not necessary, since the lowest
latency was determined to be greater than the "old" soft frame size
back at step 412. Thus, it is not possible for the bus controller 14 to fail
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08/ 332, Wwowe/139/7332, 573 and 08/ 332, 337. It shoul d be not edpip, ,_;flh‘?g

al | ocation of functions to the hardware and sof t ware serV|ces 0 %

bus controller 14 is inplenmentati on dependent. The present - invention
may be practiced wth any nunber of allocations, ranging - from m ni mal
har dwar e usage to m ni nal enploynent of software servi ces.

Figures 10-11 illustrate one enbodi nent of the bus signal di stributor
of the present invention. The illustrat®8 enbodinent is a 1:7 bus
signal distributor 18 having control circuitry 66, control regi sters

38 tang ? potd Scitiuleche &dZItQ'ﬁasrdtﬁﬁQ' ﬁithc@x@)&@%ﬂdéﬁﬂiebl&%cﬁf&if%ﬁs anal
i stributor u e e contr, or ..an us signa
di stri butor Ygt Igg"’f‘ﬁ? oifn&‘ a&FéOg's&S!a cﬁ?ﬁgﬂ‘f’ Cﬂﬁtrf’yeﬁﬁdﬁﬁ? of 7 gus
si gnal di st rpiadeeds td&chaﬂiulerthlemewnsmﬁreneas Zanttbond iresfeps W40 -0448. r Ol
oo e oo RS 4405k ekl o Wh-COAL B ARIRE B 7 1™ )

such as whet us 1t ace connec to |t or not,

_ Flgure 20 illustrates the method steps of the present

invention for schedulmg pollmg of asynchronous transfers in one or

more sets of soft frames under the lowest latency and least common

update rate method. In this illustrated embodiment, polling of
- asynchronous transfers are also scheduled by groups.  As described ‘
earlier, particular examples of asynchronous transfer groups include

attention requests,’ manaigement queries; and the like. However, it |

will be appreciated that present invention may be practiced without

having the scheduling of asynchronous transfers being performed by

groups. | |

Under the illustrated embodiment, similar to the
embodiment of the lowest latency method described earlier, the bus
controller 14 first selects a particular asynchronous transfer group for
scheduling, step 448. Then, the bus controller 14 selects an
asynchronous transfer for schéduling,- step 450. Either selection may
be made in an arbitrary manner or using some priority schemes.
Upon selecting an asynchronous transfer for scheduling, the bus
controller 14 selects the "lowest" unexamined base soft frame, step 452.
The bus controller 14 determines if scheduhng the selected
asynchronous transfer would cause the cumulative transmit time of
all scheduled functions/transfers to exceed the frame watermark of
the selected base soft frarhe,‘ ste'p 454. If scheduling would not cause
‘the frame _'watermark of the selected base soft frame to be exceeded, the
bus controller 14 schedules the selected asynchronous transfer, step
456. On the other hand, if scheduling would cause the frame
watermark of the selected base soft frame to be exceeded, the bus
controller 14 determines if there are base soft frames remain
unexamined, step 458. If there are base soft frames unexamined, the



and whether the port 24 is turned OV OFF. The control circuitry 66
operates the bus signal distributor 18 responsive to instructions from
the bus comowetd®my 14. In particular, the control circuitry K/osesasR9t he
bus signal distributor 18 to cooperate with the bus controller 14, and

performthe frame based polling schedul e generation and mai n't enance
steps of the present invention, whcih will be described I n nore
detail bel ow I n enbodi nents where the | ow cost two
signal wire cables 20 are used to interconnect the serial bus

el enents, and el ectrical signals ar e35p'r eferably propagated in a
differential manner, each port 24 conprises two differenti al

anplifiers 70 abus zanfrotler 14 retwyasdostemd52.hEHaivever; il basessafh fitagnes
Preferably, eaCﬂaP@PFe@%x%ﬁﬁﬁ?&rthe bus c&?t\‘bﬁé’r H:Qdﬁg%h%tﬂ?érsse?‘bf HaLe 's§ﬂ to

ground as shown
t hereby al | owi n@‘am@ &Qs%rli'@@' set of soft mmt& similarly, spledwlgd bus i nterface

22 to be di Sceri%bbhﬁmo'ﬁkemnctlonsaﬁh@bo«%(i fﬁe?ox‘éaédl'ﬁauﬁhgr el sel@itéd 74 may be

\C}I\le)t Sg/rrlg?c?i?errpl géyncthnous trans?eg' ndl ng“on i ndi vi dual 1"npl ement ati ons.
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| Upon scheduling the selected asynchronous transfer,

similar to the embodiment of the lowest latency method described
earlier, the bus controller 14 determines if more asynchronous
transfers are still to be scheduled within the selected asynchronous
transfer group, step 462. If more asynchronous transfers are still to be
scheduled, the bus controller 14 repeats steps 450 - 460, until it is
determined at step 462 that all asynchronous transfers within the
selected asynchronous transfer group have been scheduled. The bus
controller 14 then determines if more asynchronous transfer groups
are still to be scheduled, step 464. If more asynchronous transfer
groups are still to be scheduled, the bus controller 14 repeats steps 448 -
462, until it is determined at step 464 that all asynchronous transfer
groups have been scheduled.

Figures 21a-21b illustrate an exemplary application of the
lowest latency and least common update rate method, using the same
topology and isochronous/asynchronous transfer requirements
illustrated in Figure 17a. As shown in Figitte 21a, the bus controller 14
first determines thedajiireies of fhie.three isochronous functions, CD,
ISDN T1, and Voice #-BM864us; $67us; and 7271is respectively, step
382a. Thus, the lowest latency is determined to be 364us; the soft
frame size is set to 364us; and the isochronous watermark is computed
to be 273us (using an exemplary 75% usage rate), step 384a. The
transmit times of the isochronous data and the asynchronous
transfers are determined to be 114us for CD Audio, 37.2us for ISDN T1
data, 37.2us for Voice data, etc., etc., step 386a. The update rates of
isochronous functions are determined to be 2.75 for CD Audio, 1.5 for
ISDN T1, and 1.375 for Voice date, step 388a. The least common




-22- For a nore detail ed description of the bus signal

distributor 18, refer to the incorporated by reference copendi ng .
appl i cag rial nunmber 08/332, 375. ' ' 12-13
iIIust?ngagﬁgeenbodinent of the bus i nterfaces of ?%éwggéggﬁt

I nvention. For this enbodi ment, the bus I nterface 22 conpri ses

control circuitry 80, control/status registers 82, a Connect or e
interface 84 and two FIFOCs 76 - 78, a Receive FIFO 76 and a Send FI FO
78. Receive and Send FIFGs 76 - 78 are used to stage the recei ve and
send data for data comunication transagg-i ons. The control /status
registers 68 are used to store its own control and status I nformati on

such as its ﬁgg:@fﬁk%ﬁ@féfﬂﬁh@é'to_aéiéjﬁ.%,sana YRE heiGtéd nitﬁﬁiglier "host”

peripheral, ahd theitr assigned | qgi cal addresses., The c¢onjrOl
it oul Ly G6VEIER A dhedRactigrops danFaeRs ote GRIGERIAPR 1959 héor G -

peripheral aAmdidel fGrOISDNEY, iapidel fbr Volcenebpedtively estpp390ue to
aut hori zations and instructions fromthe bus controller 14. In_
particular, control circuitry 66 causes the bus interface 22 to cooperate

with the bus control | eApplyinghthepmethodrsteps ilusiratedasye Figuresildg-19¢,
schedul e geng{AisheRy SRIN%AINCED RP&B&, ISDN 1€ aREVBIte dravapt i on,
- which wll be.d_esc‘rli e |5|_m)r,e det al el ow:
successfully scheduled into a set of two base soft frames as shown,
since the cumulative transmit times of the isochronous data for the
two base soft frames are 151.2us and 188.4us, which are less than 273us,
the common isochronous watermark for both base soft frames, step ‘

392a.

Next, the bus controller 14 determines polling for two
asynchronous functions, five connection management: transactions
(GEO poll), one attention request, and three management queries are
required, step 394a. The bus controller 14 further determines that
about 167us and 130us are available for the two base soft frames
respective for asynchronous transfers (using an exemplary 95% usage
rate), step 396a. Having determined the transmit times available for
the base soft frames, the bus controller 14 then schedules the required
asynchronous transfers using two sets of base soft frames as shown,
step 398a. The resulting polling schedule for this exemplary
application is shown in Figure 21b. :

VTN

- Thus, methods and apparatﬁé for dynamically generating
and maintaining frame based polling schedules for polling
isochronous and asynchronous functions that guaranty latencies and
bandwidths to the isochronous functions have been described. For

~ additional information about the method and apparatus of the .
present invention, refer to the enclosed Appendices. . |

-~ While the present invention has been described in terms
of the above embodiments, those skilled in the art will recognize that
the invention is not limited to the embodiments described. The



I n enbodi nents where the 1ow cost two signal wire cables 20 are used
to interconnect the serial bus elenents, and el ectrical signals are’
pref er abl WPep¥Jdated in a differential manner, t he CAGHN95(14209
interface 84 conprises two differential anplifiers 86 and 88 for
generating the differential signals. Preferably, the Connect or
interface 84 further includes two resistors 90 coupled to Vcc as
shown, pulling the signals on.the two wires to Vcc conpl enentary to
the port circuitry of a connecting bus si ggl;%_\_l di stributor 18. The
appropriate values of resistors 90 may al sO be determ ned enpirically
dependi ng on i ndivi dyal | nplenent a}i ons. . WD 96/13777 ) ]

PCT/ US95/ 14209 method and apparatus of the present invention can be pragticed with

For a nore det amodificstien apti alferatiohhwithirs thespirivasd 2dope of therefer to the
I ncorporated by, Ll S{ENERGEPHI A ERMICR it BSHghkded as illustrative

instead of limiting on the present invention.




nunber 08/ 332,375, 08/332,573 and 08/ 332, 337. Frame Based

Pol I i ng Schedul e Generati on and Mai nt enance Havi ng now
descri bep égi374¥ erarchical serial bus assenbly 26 ap [%[wer its
el enents cooperate to serially interface the isochr onous an
asynchronous peripherals 16 to the systemunit 12 of the exenplary
conputer system 10, the franme based pol l'i ng schedul e generation and
mai nt enance steps of the present i nvention performed by the serial
bus el ements will now be described - in detail.

Figure 14 illustrates the | owest | atency38ethod wt

I nvention for generating a frane based polling s t hat

guaranties | atpAgves and bandwi dt hs of |sochronow ’”ﬁ!'
i|lustrated, "al power on or reset, the bus control ’Wkratlon
with the ot her serial bus el errents determines the Iatency

requi rement ANhatdé clainwa isaous functlon step 302, sets the soft frame
size to the | owest |atency requirenent, step 304, conputes.the

i sochronous watermark for the soft frame, step 304, and deternines

the transnit ki nesApfappasatusofshrgenarstingtandamaintainingframeshased
transfers, ;ﬁnhﬁg heahRRGhat gﬁ%&ﬁgﬂﬁ&é\&& %H’b%ﬂﬁ%ﬁ%?y&fun“ I on

i's dependent on ueue dept eul ng rate of i sochr onous
peri pheral TypPehoneus ‘W&F‘Qﬂﬁ ispehrohsays p¢ripherals duerarchlcenw oyed.

interconnected to a system unit of a computer system through a serial
bus assembly including a bus controller, zero or more bus signal
distributors, and one or more bus interfaces, said apparatus ‘
comprising: '

first means for determining a plurality of critical operating
characteristics of each isochronous peripheral, including latency
requirement of the isochronous peripheral and transmit time of the
isochronous peripheral's isochronous data;

second means for generating and maintaining a polling
schedule consisting a superframe having at least one soft frame,
wherein polling of the isochronous functions are scheduled in the at
least one soft frame as frequent as it is necessary based on the
determined critical operating characteristics.

2. The apparatus as set forth in Claim 1, wherein said first
means for determining a plurality of critical operating
characteristics of each isochronous peripheral"com‘prisés first
circuitry and complementary logic dlsposed on said bus controller
for polling said isochronous peripherals to provide latency
requirements of isochronous functions and transmit times of their
isochronous data.

3. The apparatus as set forth in Claim 2, wherein said first
circuitry and complementary logic disposed on said bus controller
polls said isochronous peripherals for said latency requirements of
isochronous functions and transmit times of the isochronous
functions' isochronous data at power on and reset.
_/.'///‘————1
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Preferably, the latency requirenents of the isochronous functions and
the transmt tinmes of isochronous data and asynchronous transfers dre
gat her ed WO 8613732 i nt er connect ed peri pheral s as an i RGPSt of

t he power on/reset initialization process. Alternatively, the |atency
requirenents and the transmt WO 96/ 13777

PCT/ US95114209 =24

times nmay be gathered post initialization with connectl nt
transacti ons. Upon haggng set the ng Hl m m‘
conput ed the i sochronous wat er mar k nd determ ne Lanu;mst t* mes
of the I sochronous data and the asynchronous transfers, the bus
controller 14 schedul es as many polling of isochronous functions as

possible into 4.  Thesfpparabd®s sétforacin (lainhg, fepéincédid firkt t he

cumul ated tr an%lrpcﬁit}'}" aha ccgmpléme_ntary logic disposed on said bus controller
further polls said isochronous peripherals for said latency
requirements of isochronous functions and transmit times of the
isochronous functions' isochronous data periodically during
operation.

5. The apparatus as set forth in Claim 1, wherein said first means
is further used for determining a plurality of critical operating
characteristics of a plurality of asynchronous peripherals, including
transactional requirements and transmit times of the asynchronous
peripherals’ transactions, said asynchronous peripherals being also
coupled to said system unit hierarchically through said serial bus
assembly. |

6. The apparatus as set forth in Claim 5, wherein said first
means comprises first circuitry and complementary logic disposed
on said bus controller for polling said isochronous peripherals to
provide latency requirements of isochronous functions and |
transmit times of their isochronous data, and for polling said
asynchronous peripherals to provide said transactional
requirements and said transmit times of the asynchronous
peripherals' transactions. . s

Ty

7. The apparatissdis forth.in Claim 6, whetein said first -
circuitry and complementary logic disposed on said bus controller
polis said isochronous peripherals for said latency requirements of
isochronous functions and transmit times of the isochronous
functions’ isochronous data, as well as said asynchronous
peripherals for said transactional requirements and said transmit
times of the asynchronous peripherals’ transactions, at power on

and reset.
_—
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t he schedul ed i sochronous functions being |l ess than the isochronous
wat er mar k, step 308. Residual isochronous functions, if any, are

rej ect ed“gy-- bus controller 14 for exceeding the bus ca | s,
each schedu ;el %l"sochr onous function is guaranteed to be popﬁ%#{%wa :
frequency sufficieat—toTeet its |atency requirement, and at each
polling it is guaran be polled with a bandw dth sufficient for its
transm t tlm\\“\“\‘\l“‘lEMH“\ : The soft frame used to schedul e the

I sochr onous sONg is also referred to as the base soft frame. The
manner in * “which the isochronous fwd@ti on scheduling step is perfornmed

vm: Il be described in nore detail below wth addi tional reference; to
Figures 815a- Wife apparatus as set forth in CIAfth ¥, vﬂ?&bﬁgsﬁﬁgﬁﬁﬁ ed polling
.det er

of the isochropous = . “-functions, the, buys confroller. 14 I nes the
nunber of - CrCiilipy And.RAPemaR e \QBisianased o said bus FBEoLlsE
asynchronous further fpolistsaid iséchrbrons I;ieie’qahet'ﬂe ‘foushirt llqlén@,}o nnect’i on
managenent 1] L | : Lj y.e

att ag hrent / def g%ﬁfﬁéﬁ{&%? t°f qg&cgrg’ggﬁsﬁgbﬁggre‘% %&gﬁbgﬁgr&’é&m?t ‘éfpﬁf’ﬁo. The bus

control | er 14isaghraneus functiors’ dsedhrenounsladanasiwell assaidchr onous transf er
ti me avail abl 18 Sekb ds oYL W - saukati e transmt
time of the %s?ﬁé};ré) krl‘eoc‘l1 sI gﬂiﬁgé%{%roﬁésidf ﬁﬁfééﬁgﬁé‘% rr % tr Ee # rk'%rsr*e}awat er mar k
portion sgid frangput times, of $he gsynchronoys) peripheyals) (Xansgstions  er 14
schedul es theFeriodicagydﬁaliifrcg‘lapérattrcnnsfers in one or nore soft franes,
around the polling of the-isochronous functions, step 314. The

resi dual portion beyond

9. The-appara'tuéi as set forth in Claim 1, wherein said second _ ‘

comprises: . .

~ first circuitry and complementary logic disposed on said bus
controller for determining an isochronous watermark delimiting a
first upper limit of a soft frame for polling isochronous functions to
ensure the guaranties are met.

means for generating and maintaining a polling schedule

10.  The apparatus as set forth in Claim 9, wherein, said second
means for generating and maintdining a pollin'g_scheduie further
comprises: | - o

second circuitry and complementary logic for scheduling
polling of as many isochronous functions as possible within a base soft
frame, for data communication transactions, subject to a first
constraint that cumulative transmit times-of said isochronous data
being less than said isochronous watermark, said second circuitry and
complementary logic rejecting isochronous functions that can not be
polled within said constrained base soft frame.

11.  The apparatus as set forth in Claim 10, wherein,

said first circuitry and complementary logic is further used
for determining a frame watermark delimiting a second upper
limit of a soft frame for performing any kind of polling to ensure
operational reliability; and
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frame wat eWOMR3TH reserved to ensure reliability of operati BCITIUS95114209The
manner in which the asynchronous transfer scheduling step is

performed will also be described in nore detail bel ow I onal
references to Figure 16. In sone enbodl I\\e\\ bove
descri bed process is. repeat ed upon detection of m \\‘
attachment/ det achment of serial bus illerrents dal 'y
adapting in real time the franme based pol ling sché‘dule to the serlal

bus elenents actually present. The manner -in which step 308 is

performed is slightl pail pecansheirgpisry and. complen}gm@@gg)g@ is Bydhercused
response to det ggf sélibdlihrlg pRlling of satd @sfdvmaﬁéa mk@ﬁ'iﬁﬂ%%lsq{aﬁﬁ ial bus

el ements. These &%%Pe{e%nlsochronous funcnons fo Ort gonnectxnonStn?aPnaSOS i t descri bed
in nore detail gemen
transactions, around said scheduled polling of said isochronous
functions for data communication transactions, subject to a second
constraint that cumulative transmit times of said base soft frame being
less than said frame watermark, said second circuitry and
complementary logic replicating said constrained base soft frame to
schedule said polling for connection management transactions, if
necessary. |

12.  The apparatus as set forth in Claim 11, wherein,

said computer system further includes asynchronous
peripherals coupled to said system unit hierarchically through said
serial bus assembly;

said polling schedule generated by said second means
further includes polling of said asynchronous peripherals for
asynchronous transactions; :

said second circuitry and complementary logic is further used
for scheduling polling of said asynchronous peripherals for -
asynchronous and connection management transactions, around said
scheduled polling of said isochronous functions for data
communication transactions, subject to said second constraint, said
second circuitry and complementary logtc;'mmxlarly replicating said
constrained base »;f jisiine to schedule said polling of said
asynchronous perf :for-asynchronous and:connection
management transacnons, if necessary.

T a.

13.  The apparatus as set forth in Claim 9, wherein, said second
means for generating and maintaining a polling schedule further
comprises:

second circuitry and complernentary logic for determining a
least common update rate required by said isochronous functions
based on their respective update rates required which are computed
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Figures 15a-15c illustrate the nethod steps of the present I nvention
for scheduling polling of isochronous functions in a soft frame under

the lo ncy nethod. Initially, the bus controller
deter mvw;iéts?s) ether it is generating the first polling schﬂtg{fp%mlgfogp 316,

I.e. whether it is scheduling at power on/reset esponse to live
attachnent/ det achnent of serial bus el enents. I;ﬁTEzng%ﬁégﬁTThg~+5~
bei ng perforned for the first schedul e, the bus WW%

i medi ately proceeds to select one of the i sochr

schedul i ng, step 318. Sel ection nay be-gmde arbitrarflytors Z! lég'on
some priority schemes. Next, the bus controll er 14 determnes if

schedul i ng t BensGhRE i,ﬁgrr\ééi ?Géti\ﬁ?&%é £ lé*lﬁ LRk R(F)Lﬁl—gﬁf;a c 2 ?runcat?d

cumul ative transmt  t e sc -1's0cC t1ons
exceed t he | HHEBPOABUEPHEI®ORe for eachy onor-l%@mem Rases enosaidt

cause the culsabbéomendr apaatd rdte ra@xdt saza xride rhRsireqaireasitsaid
wat er mar k, the bus: con%rol ler 14 "Q‘G%M]es t h | so hr.o ous, function,
and adds t he'Pf ys fyneions. and 5 %Bg Isochronous
cunul ati ve tfumctitns wsing mfiltiple baskeofit frdmescrtd rmawrﬁance tosaid step
324. /
PCT/ US95/ 1 4\2@8%%& ?r?teger multxphers, for data communication transactions,
subject to a first constraint that cumulative transmit times of said
isochronous data being less than said isochronous watermark in each
of said base frames, said second circuitry and complementary logic |
rejecting isochronous functions that can not be polled within said ‘
constrained base soft frames. '

14.  The apparatus as set forth in Claim 13, wherein,

said first circuitry and complementary logic is further used
for determining a frame watermark delimiting a second upper
limit of a soft frame for performmg any kind of polhng to ensure
operational reliability; and :

said second circuitry and complementary logic is further used
for scheduling polling of said' isochronous peripherals having

oy, scheduled isochronous functions for connection management
N &\"‘s&t . transactions, around said scheduled polling of’-_sai‘d. isochronous
""-'.%%% fun;tions for data communication transactions, subject to a second
*!s% constraint that cumulative transmit times of said base soft frame being
7

less than said frame watermark; said secend circuitry and = -
complementary logic replicating said constrained base soft frames to
schedule said polling for connectlon management transacnons, if
necessary. - |

15. The apparatus as set forth in Claim 14; wherein, |

said computer system further includes asynchronous
peripherals coupled to said system unit hxerarchxcally through said
serial bus assembly;

T ' \\\\\\\\\\\\\\\\\\\\
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- 26- Upon schedul i ng the isochronous function, the bus
control ler. 14 checks to deternine if there are additional polling of

i sochr onoTEOPYI¥T ons that need to be schedul ed, step 326. [RCT/USIS/14209
addi tional polling of isochronous functions need to be schedul ed, .the

bus controller 14 returns to step 318, otherw se, schedul_’__g,gj_,___————-——-—

I sochronous functions is conpl et ed. Whenever the

control l er 14 deternines at step, 320 that schedul i ngW\‘ﬂ“ﬂ&‘ﬂMﬁ‘i“‘“‘
i sochronous function would cause the 4§urrul ated trans

schedul ed isochronous functions to exceed the isochrorfous \A/hternﬁLkT,__

the bus controller dsfl’ ts' t d 1 é%fged 1 ochr oUs function and
term nates schedul i n e ule gener, g‘eéﬂﬁt roller 14
wi || generate afdirdloén 1rm1mdes poﬂmg of saldﬂdspmhrogouhq!eriplmrdarfaci ty has been

exceeded, and |gl$eim I nschedul ed i sochronous functions, step
328. dhrbﬁﬁu% ﬁ'insatcuo{\'é 316, if the bus controller 14

det er mi nes t hat saldrf@cgandccegcsmry ansd complementaryriagic isdugthesused t he
first polling for sch'éahﬁek |ﬁellm§eof sdidi &% ehftﬂu&fsr%@ﬁgﬁéraus)f@bmam cal ly
adapt the pollin du he bu controll 4 further gter

| MQr\ous and connection management transactions, aroun
scheduled polling of said isochronous functions for data
communication transactions, subject to said second constraint, said
second circuitry and complementary logic similarly replicating said
constrained base soft frames to schedule said polling of said

asynchronous peripherals for asynchronous and connection

nes
if the | owest

management transactions, if necessary.

16.  In a computer system comprising a bus controller, at least one
bus signal distributor, and a plurality of isochronous peripherals
having a plurality of isochronous functions, coupled to each other in
an hierarchical manner, a method for generating and maintaining
frame based polling schedules that guaranty latencies and bandwidths
to the isochronous functions of the isochronous peripherals, the
method comprising the steps of:

a) determining a plurality of critical operating characteristics of
each isochronous peripheral, including latency requirement of the
isochronous peripheral and transmit time of the isochronous
peripheral's isochronous data, and o me

b) generatinggugl- rrvai ntammg z pollmg schedule consisting a
superframe having z Heiss one. soft frame;. wherein polling of the
isochronous functions are scheduled in the at least one soft frame as
frequent as it is necessary based on the determined critical operating

- characteristics.

17.  The method as set forth in Claim 16, wherein step (a) is
‘performed by said bus controller.

T —————
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Is less than or equal to the "old" soft frame size, step 330. if the | owest
| atency is less than or equal to the "old" soft frane size, the bus .
cont r ol ywRyoshidrar oceeds to step 332, otherwise it proceedspip8osissey 352.

Conti nuing now with Figure 15b, at step 332, the bus controller 14
del etes Whmﬂb’us’ﬁr%ctions no |l onger require service fromthe
- polling schedul e ontroIIer 14 then reschedul es all the
remai ni ng L““ ﬂﬂ m functions and curmul ates their transmt
times as d ris er, step 334. Next the bus controller 14

det er mi nes if the i sochr onous wat er mar kdhas been exceeded or not,
step 336. |If the isochronous watermark has been - exceeded, the bus

control l er 148r eest}febiﬂeslliw ab ket $@iith ihr@iaEms17Z avherdin Baid bus  correspondi ng

i h h f h
yiorded the (OREEIR becfiis SeBlalaEpbRRE Yttt esetor 1 or T "o 06/ 13777
PCT/ US95/ 14209 -27-

19.  The method as set forth in Claim 18, wherein said bus
controller further performs step (a) periodically during operation.

20. The method as set forth in Claim 16, wherein said computer

system further comprises a plurality of asynchronous -péripherals

coupled to the at least one bus signal distributor and bus controller in

an hierarchical manner, and step (a) further compriées determining a ‘
plurality of critical operating characteristics of the asynchronous

peripherals, including transactional requirements and transmit times

of the asynchronous peripherals' transactions.

21.  The method as set forth in Claim 20, wherein step (a) is
performed by said bus controller.

22. The method as set forth in Claim 21, wherein said bus
~ controller performs step (a) at power on and reset.

23.  The method as set forth in Claim 22; said bus controller
further performs step (a) periodically during operation.’

24.  The method as set forth in Claim 16; wherein step (b) comprises
determining an isochronous wa"te'rtixark*&élimitihg a first upper limit
of a soft frame for pollmg isochrenous functlons to ensure the
guarantxes are met.

25. The method as set forth in Claim 24, wherein, step (b) further
comprises scheduling polling of as many isochronous functions as
possible within a base soft frame, for data communication
transactions, subject to a first constraint that cumulative transmit
times of said isochronous data being less than said isochronous
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14 repeats steps 334 -'338 untjl it can determne at step 336 that al
remai ni ng ol d i sochronous functions have been reschedul ed

successf uMWg@oeimsIer the isochronous watermark of a soft franmpcrwsesiazos
The bus controller 14 then proceeds to steps 340 - 350. Except for
step 348, steps 340 - 350 are identical to the steps 320 - 32 '
described earlier. Extra step 348 is perfornmed to cause the fault

"Succeseiul " adaptation of the polling Schedul e requir é\&llﬂl\i“llll!ﬂlllll\lllllll

one or nore new i sochronous functions witt3ow | atencjes* edrl irer.
step 338 to yield the eventual "successful" soft franme size.
Cont i nui ng now wiaterntéarg andlisochroroais| funictions thaboan not be polléd avitkin 14

atency 15 oreates Praneined vARAIERARRY SrPbof8E °5 0 %55 and 0 54

are the sane as steps 332 and 334 described earlier. However, upon

reschedul i ng t hg ol drhé%?é}hBa%thlfB%' NCldith 3% 8R0hrdn, ﬁxal%ie @) | ar

to steps 336 anfd 38 descrjbed earlier are not necessary, since the |owest
| atency was det’@FH&TePTBTI5€S'gr eat er than the "ol d" soft frame size

back at st ep 330 Thﬂl@termlimlng adtarneseaterMmatRidelidRitingsa %@%ﬁ@'dﬁerl‘l to

fail dug[e t ol d sochgonous funct i ‘ir&? atl:]d t he i sochronous

wat er mar k of t LR 2 SPHEAME T R EING AL KRG Of PAINgG to engure

schedul e t he newpérationabrelisbilityyaricons in steps 356 - 364. Steps 356 -

364 are identical toscHeRR%ing fonir8f SSCIoRRfbRAS p&lipherals having
scheduled isochronous functions for connection management
transactions, around said scheduled polling of said isochronous
functions for data communication transactions, subject to a second
constraint that cumulative transmit times of said base soft frame being
less than said frame watermark, replicating said constrained base soft
frame to schedule said polling for connection management
transactions, if necessary.

27.  The method as set forth in Claim 26, wherein,

said computer system further includes. asynchronous
peripherals coupled to said at least one bus signal distributor and
bus controller in an hierarchical manner;

- said polling schedule generated further includes polling of

said asynchronous peripherals for asynchronous transactions;

step (b) further comprises scheduling palling of said
asynchronous peripj 'fc_'_)r; asyﬁ'chmﬁdus and tonnection
management transacRe-around: said sc;h:eduled.'polling of said
isochronous functions for data communication transactions, subject to
said second constraint, replicating said constrained base soft frame to
schedule said polling of said asynchronous peripherals for '
asynchronous and connection management transactions, if necessary.

28. The method as set forth in Claim 24, wherein, step (b) further
comprises determining a least common update rate required by said
isochronous functions based on their respective update rates required
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Figure 16 illustrates one embodi nent of the method st eps of the

present invention for scheduling polling of asynchronous transfers in
one or t frames under the | owest | atency nethod. : hi s
i|lustrat e%’lgﬂ% i ' Pg{/gsﬁ/ﬂz& .

odi ment, pol g of asynchronous transfers
schedul ed er exanpl es of asynchronous transfer
groups inc at tent ests, managenent queries, and the |ike.
However, “ﬁg‘ d that present invention nay be
practlced w%\ he' schedul i ng of asynchronous transfers
bei ng perfor By droups. WO 96/ 43777
PCT/ US95/ 14209 - 28-

Under the i1 Lysknatied crbamldRl, ShiPIBUACE R é&@%@%ptsléaetermm&grst sel ect s

a particular async ron group tep 366.
Then, the bupletality ©fi wuncatedcinseger mwiltiplietshomeoier eachrisochronous

function, based on said least common update rate and said update
rates required by said isochronous functions, and scheduling polling
of said isochronous functions using multiple base soft frames and in
accordance to said truncated integer multipliers, for. data
communication transactions, subject to a first constraint that
cumulative transmit times of said isochronous data being less than
said isochronous watermark in each of said base frames, rejecting

isochronous functions that can not be polled within said constramed . ‘ :

base soft frames.

29.  The method as set forth in Claim 28, wherein, step (b)
further comprises '
determining a frame watermark delimiting - a second upper
limit of a soft frame for performing any kind of polling to ensure
operational reliability; and
scheduling polling of said isochronous peripherals having
scheduled isochronous functions for connection management
transactions; around said scheduled polling of said isochronous
functions for data communication transactions, subject to a second
constraint that cumulative transmit times of said base soft frame being
less than said frame watermark, replicating said constrained base soft
frames to schedule said polling fer cormecnon management
transactions, if necessary. P
30. The method as set forth in Claim 29, wherein,
said computer system further includes asynchronous
peripherals coupled to said system unit hierarchically through said
serial bus assembly;
said polling schedule generated further includes polling of
- said asynchronous peripherals for asynchronous. transactions;
step’ (b) further comprises scheduling polling of said
asynchronous peripherals for asynchronous and connection

Sheet Has Been RTlaced

T

'S GHEET HAS BEEN

™ REPLACED



for scheduling. Again either selection may be made in an arbitrary

manner or using some priority S¢henes. Upon sel ecting an asynchr onods
transfer WoRAtdul i ng, the bus controller 14 det er nPOBYSIF14209
schedul i ng the sel ected asynchronous transfer woul d cause the

cumul ative transmt tinme of all schedul ed functions/transfers to—
exceed the frame watermark, step 370. I|f schedulln woul d not cause
the frame watermark to be exceeded, the bus COEJ“’ ﬁu "ﬂﬂt&l‘les
the sel ected asynchronous transfer, step_ 372

schedul i ng woul d cause the frane witét mark to be excee _the bus

controll er 14 adds anot her base frane i.e. a new soft frane with
simlarly schedaragementiransaations, around é@ido$®edstleqb potling ffsgict

schedul ing the 1§&Jh?6h€ﬁ|s Qﬁﬁé‘ﬁ@ﬁ@ P&Uaata commtieafi6h tred R tBAS; sub)ect to
Upon schedullngé¥£e sel ected .onpus tr.ans

control | er SeRORELCONStTAIR L, TaR %}%ﬁmdscqnsgﬁ&@ basg soft ﬁames o o
be schedul ed V\Asthedulbl“samqjoékmg@f&aimakymbaous pesiphergisdop, step

conirol 1o 14 PERIGOTEE AE RnRbSid Fudidaenat BERSRAERY HinedeSEd 576

that all asynchronous transfers wwthin the selected asynchronous
transfer group have been schedul ed. The bus controller 14 then

determnes if nore asynchronous transfer groups are still to be
schedul ed, step 378. If nore asynchronous transfer groups are still to
be schedul ed, the bus controller 14 repeats steps 366 - 376, until it is

determ ned at step 378 that all asynchronous transfer groups have
been schedul ed.

o
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il

Figures 17a-17c illustrate an exenplary application of the | owest
| atency nmethod. As shown in Figure 17a, in this exenplary

appl i cat i 3¥Q 918 7bus t opol ogy i ncludes the Host, one Hub, fBGA/UIBH 409
WO 96/ 13777 : ' .

PCT/ US95/ 14209 _ - 29-
havi ng five functions. The five functions include three isochronous
functions, i.e. CD, an ISDN Tl |line, and a Voice channel, and two
asynchronous functions, i.e. Muse and Keyboard. Additionally,

asynchronous transfers for connecti on managenent (GEO poll),
attention requests and managenent queries al so have to be
acconmodat ed. The | atencies of the isochronous functions, and the
transmt tinmes of the isochronous data as Mf*ésems t he asynchronous
transfers are sumari zed in_table 380.
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determ nes the .
T1l, and Voi ce
PCTUS25/1420f

As shown in Figure 17b, the bus controller 14 first
| at enci es of the three isochronous functions, CD, ‘| SDN
to be 364WOI¥B7TKs, and 727us respectively, step 302a.

| owest | atency is determ ned to. be 364us; the soft franme size . 1s set
to 364us; and the isochronous watermark is conputed to be 273us
(using an exenplary 75% usage rate), step 304a. The transmt ti mes of
t he i sochronous data and the asynchronous transfers are determned to
be 114us for CD Audio, 37.2us for ISDN Tl data, 37.2us for Voice
data, etc., etc., step 306a. Applying the method steps illustrated by
Fi gures 15a-15c, the isochronous functi 5CD Audi o, | SDN T1, and

Voice are all successfully scheduled into a base soft
since the cunulative tra ¥ i f t
188. 4us, which is less than 2g3us, the isoclgono
308a.
polling for

frame as shown,

wat er mar k, step
Nex®®, the bus conafol e 14 determ nes that
t wo asynch[gnous functiong, _fjve connecti on managenent

transactions (GEO poll), one tention reque§ty, gnd three nmagagenent
gueries are required, step 3 The bus contrqlger furth gg
determi nes that about 130us are avail abl g~peH |s@fjft ane fof
asynchronous transfers (using an exenpl arjy 95déﬁsage e —Sstep 312a;
Havi ng determined the transmt tinme availlabl §{per| sofft| fPaqe, fhe buggﬂ
controller 14 then schedul es the required asynchronoys gg sfefs
using five base soft frames as shown, stdp 314a. The |rge Iging pol l'i ng
schedul e for this exenplary application ijs shown in igdsgslgk
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Fi gure 18Wa9%6isT17at es the | owest | atency and | east conmon PCT/US2HIA2M% r at e
met hod of the present invention for generating a frane based pol |1 ng
schedul e that guaranties | atencies and bandw dt hs of i sochr onous
functions. The first three steps, i.e. steps 382 - 386 are i denti cal

to the first three steps, steps 302 - 306 of the | owest |atency

met hod described earlier. However, during the current nethod, upon
performng the first three steps, the bus controller 14 further conputes
the update rate requirenents of the isochronous functions, step 388.

The update rate requirenent of each isochronous function is equal to

the reciprocal of its latency require Next, the bus controller 14
determ nes the | east conmon update rat t he i sochronous functi ons,
and conpute a nultiplier for each isochronous function to _

mul tiplicatively expand the isochronous fupgtion's requi red update

e

System Unit

Bus Controller 14
(Master) T~
4
Auth/ CTRL/Status,
Instr Data (Peripheral only)
4
Bus Signal Distr & INTF
~/
18 & 22 (Slave) |
' o heral only)
o~ Peripherals (Peripheral only
16 g

Figure 3



rate to the | east common update rate, step 390. Havi ng

performed the additional conputations, the bus controller 14 then *
proceeds ™09et33dul e polling of the isochronous f unct iPOTAIS94209 392.
Step 392 is simlar to step 308 of the |owest |atency met hod

described earlier. However, it differs fromstep 308 in that " polling

of i sochronous functions are schedul ed using a set of base soft
franmes instead of one base soft frame. The scheduling is al so made
using the additionally conputed nultipliers. Step 392 will be
described in nore detail below w th additional references to Figures

19a-19c. After having schedul ed the isochronous
functions, the bus, control l er 14/8boceeds with steps 394 and 396,
which are siml g to steps 310 and 312 of the | owest | atency nethod
descri bed earliﬁr. However, step 396 differs fromstep 312 in that
t he bus control ljdr 2ﬂ determ nes the anount of transmt tine
avai l abl e in eagh base spft fra of base_soft _Lranes,
i nstead of just {qne base] soft frane. g“Heternine t he
asynchronous transfer rejguirenents, a thé% transmt tli me avail able
in each of the Bgse softf franes, the
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WO 96/ 13777

PCT/ US95/ 14209 -31- 209
controléﬁr ,]lg 7t7hen schedul es the asynchronous transfers, %‘EHBS?%‘Q Step
398 is R 1 ar to step 314 of the | owest |atency nmethod descri bed
earlier. However, it differs fromstep 314 in that the asynchronous
transfers are schedul ed using multiple sets of soft franes,

; I nst ead of
multiple soft frames. Step 398 will be described in nore detail bel ow
with additional references to Figures 20. In sone
enbodi nents, the above described process is al so

repeat ed upon
detection of |live attachnent/detachnent of serial bus el ement s,

t hereby dynanically adapting in real5(2%e the franme based

REPLACED

pol l'i ng
schedule to the serial bus elenents actually $resent. The nanner in
which step 392 is perforned is slightly diffeE?nt when t he GIE;OCESS I S
repeated in response to detection of live Q_Eﬁttachnent/detagh nt of
serial bus elements. These differences wll ;;fﬁ be noﬁ?d whernasigp 392 is
described in nore detail bel ow 0~ Fi es 19g- ?c
illustrate the method steps of the present 2 ninvep ipQ-f0n griedul i ng
pol ling of isochronous functions in a set_ of " % sog{ ra ?%r t he
| owest | atency and Ieasga commniupdake r@e x 0 \ rrg p =
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method. Simlar to the lowest |atency nethod, initially, the bus
controller 14 determ nes whether it is generating the first polling
schedul e, WQH3ZDO, i.e. whether it is scheduling at power BEIPS¥EE2Qr | n
response to live attachnent/detachnent of serial bus elenents. [f. the
scheduling is being perfornmed for the first schedule, the bus controller
14 i medi ately proceeds to sel ect one of the isochronous functions for
schedul i ng, step 403 However, unlike the | owest |atency nethod,

selection is based on the conputed nultiplier values of the

i sochronous functions. Mre specifically, the unschedul ed i sochronous
function with the lowest truncated nultiplier value is sel ect ed.
Next, the bus controller 14 determines if scheduling the sel ected
i sochronous function will cause the cunulative transmt time of the
schedul ed i sochronous functions of each base soft frane of a set of
soft franes to exceed its isochronous Mﬁ%?¥?ark, step 404. The set
size is equal to the | argest truncated plier value of the WO
96113777 +] PCl / US95/ 14209
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-32- i sochronous functions. |If scheduling would not cause the

cunul ative transmt time to exceed the isochronous waternmark for any
base sof t WO96/137T% ane, the bus controller 14 schedul es the PEDURISHAS
function in accordance to its truncated multiplier value, and adds
the transmt time of its isochronous data into the cunul ative
transmt tine of schedul e i sochronous functions for each base soft
frame, step 406. Upon schedul i ng the isochronous
function, simlar to the | owest |atency nethod described earlier, the
~bus controller 14 checks to determine if there are additional polling
of isochronous functions that need tgy schedul ed, step 408. If

addi tional polling of i sochronous functions need to be schedul ed, the
bus controller 14 returns to step 402, géhermﬁse, schedul i ng of

i sochronous functions is conpl et ed. Whenever the
bus controller 14 determ nes at step 404 | t hat scheduling of a

sel ected isochronous fggction woul 4 cause the cunul ated transmt tinme
of schedul ed isochronou functi ons |t Data Bufteesed«-he~i sochr onous

wat er mar k, st | atency metjhod descri bed
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Back at step 400, simlar to the | owest |atency nethod descri bed
earlier, if the bus controller 14 determ nes that the process is not
bei ng per woa®wB7vD generate the first polling schedul e, i.epcriush®14209
bei ng perfornmed to dynam cally adapt the polling schedule, the bus
controller 14 further determines if the |lowest latency is | ess than or
equal to the "old" soft franme size, step 412. If the lowest latency is |ess
than or equal to the "old" soft frame size, the bus controller 14

proceeds to step 414, otherwise it proceeds with step 434. WO 96/ 13777
PCT/ US95/ | 14209 - 33-

Continuing now with Figure 19b, simlar to the | owest | at ency net hod
described earlier, at step 414, the bus controller 14 del etes any

I sochronous functions no |onger require service fromthe pol I'i ng
schedul e. The bus controller 14 then reschedules all the remai ni ng

"ol d" isochronous functions into the base soft franes and
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cunul ates their transmt tinmes for all base soft franes as described
earlier, step 416. Next the bus controller 14 determnes if any of the
i sochr onoW® Wild&1nmar ks of the base soft franes have been exBEHUSW/ R0
not, step 418. If the isochronous watermark of at |east one base soft
frame has been exceeded, the bus controller 14 reestablishes the soft
frame size for the base soft frames and the correspondi ng i sochronous
wat er mar ks, excluding the isochronous function that yielded the

| awest | atency, step 420. The bus controller 14 repeats steps 416 - 420

until it can determne at step 418 that all remaining old isochronous
functi ons have been reschedul ed successfully under the isochronous

wat ermarks of all base soft franes. The bus controller
14 then proceeds to steps 422 - 432. Simlar to the | owest |atency
met hod described earlier, except for step - 430, steps 422 - 432 are
identical to the steps 404 - 410 described earlier. Extra step 430 is
performed to cause the fault condition in step 432 to be al so

generated in the event that the "successful" adaptation of the

pol I'i ng schedul e required excl usion of ong é nmore new i sochronous
functions with low latencies earlier at s ég 420 to vyield the eventual
"successful" soft frane size for the base soft franes -
Continuing now with Figure 19c, recall that the bus L Eg
proceeds with step 434 if it decided back at step 412 F%

| atency is greater than the "ol d" soft frane size. S 43
are the sane as steps 414 and 416 described earlie Ho,
reschedul ing the ol d is€hronous functions in step 436>pte
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to steps 418 and 420 described e

arlier are not necessary, since the | owest

| atency was determ ned to be greater than the "ol d" soft frane size
back at sWEHPMBZT?7 Thus, it is not possible for the bus contPOTASYS/HA O

fail WD 96/ 13777
PCT/ US95/ 14209

-34- to

schedul e the ol d i sochronous functions under the isochronous
wat er mar ks of the base soft frames. The bus controller 14 t
pr-oceeds to schedul e the new i sochronous functions in steps 440 - 446.
Steps 440 - 446 are identical to steps 404 - 410 described earlier.
Figure 20 illustrates the nethod steps of the present
schedul i ng polling of asynchronous transfers in one or

soft frames under the | owest |at

ency and | east comon

method. In this illustrated enbodi nent, polling of as

transfers are al so schedul ed by

groups. As descri bed

han

i nvention for
nore sets of
update rate
ynchr onous

Figure 12
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earlier, particular exanples of asynchronous transfer groups include

attention requests, nmanagenent queries, and the |ike. However,

will be apy08ei3wed t hat present

It

i nvention may be practi ced POTUSOS14209

havi ng the scheduling of asynchronous transfers being perfornmed by

gr oups. Under the illustrated enbodinment, simlar to
t he enbodi nent of the | owest |atency nethod described earlier, the
bus controller 14 first selects a particular asynchronous transfer
gr.oup for schedul i ng, step 448. Then, the bus controller 14 selects
an asynchronous transfer for scheduling, step 450. Either selection
may be nade in an arbitrary nmanret/2& using sone priority schenes.

Upon sel ecting an asynchronous transfer for scheduling,

controller 14

The bus controller 14 determ ne$

asynchronous t

schedul ed functions

sel ect ed base
frame wat er nar
bus controll er
456. On the ot

of the sel ected base soft frane to be

selects the "l oweg

d Dy ft f ,
ifuggﬁ&ghffng. ﬁg :glect;gne

ransfer woul d caus®
sof t

k of he sepé«i?

14 s hedules t
her ha

54 Lf sch

afceeded t he bus ]

4 duifn I n cause t he
%E@ﬁtfé‘ﬁ ‘%r%ﬂ excefidegpot he
ﬁﬂbnous tranfffer, step

t he bus

step 452.

e transmt tine of al |

t he

controller 14

deternmnes if
If there are

there are base soft franes remain unexam ne

aseSebioft hramelbize s hewestratency (Trimmed
For Over Sampling), And Compute ISO Watermark

'Determine Transmit Time of Each Function

, step 458.
- 304
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Determine Number Of Async
Transfers Needed
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WO 96/ 13777

PCT/ US95/ 14209 - 35- )
bus contr awbe®snIA7returns to step 452. However, if all base poIftsEneoes
have been exam ned, the bus controller 14 adds another set of base soft

frames, i.e. a new set of soft frames with simlarly schedul ed

|sochronous functions, step 460, before scheduling the selected
asynchronous transfer, step 456 Upon schedul i ng t he
sel ect ed asynchronous tran SiqH to the enbodi nent of the

| owest | atency net hod d:scqypgqu- earTier, the bus controller 14
determ nes if nore asynckLang transfers are still to be schedul ed

wi thin the sel ected asynchrongus . transfer gr
asynchronous transfers are st
14 repeats steps 450 - 460,
al | asynchronous transferz
group have been schedul g
nore asynchronous tra

step 462. If nore
the bus controller
2 380step 462 that

. céw@ sWchr onous transfer
ztghci L

Old Soft

Frame Size
0

Select An
ISO Function

Scheduling
Causes Cumulated
Transmit Time To
Exceed ISO
Watermark

Yes

328
l

Generate A Fault Condition
-Indicating Serial Bus

- Capacity Has Been

" Exceeded, And identify All

Unscheduled ISO Functions

ISO Function
To Be
Scheduled
f)

(o) Figure 15a




are still to be schedul ed, step 464.
groups are still to be schedul ed,
462,
groups have been schedul ed.

an exenpl ary application of the
update rate nethod, using the sane
i sochronous/ asynchronous transfer
17a. As shown in Figure 21a
the latercies of the three
Voi ce to be 664us, 667us; aws
the | owest |atency is deter
set to 364us; a dﬁg
(using an exenpla

of the isochrong .
determ ned to be 114us
for Voi ce data

| owest
t opol ogy and
requi renents
e bus cong8y2%!l er 14
hr onous functi ons,
27us respectively,
hed to be 364us;

I f nmore asynchronous transfer
t he bus controller
unt iwoiok/ni3m7det erm ned at step 464 that all

14 repeats steps 448*-
asynchr ongsrnisoangios "
Fi gures 21a-21b illustrate
| at ency and | east conmon

illustrated in Figure
first determ nes

CD, | SDN T1, and
step 382a. Thus,

t he soft frane size is

i s conput ed to be 273us
482 The transmt tines

transfers are _
2 data, 37.2us

i sochr onolis fﬂesd:heﬁ@ad_\lﬁﬂgﬁa’in@ OideS@.r 75K or CD Audi o,
NEUnGTENS AndCamaiate TrdmsmittBineTfle 334st cqmmon
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W06/ 1377F
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- 36- update rate is determined to be 2.75, and the truncated

mul tiplier val ues of the isochronous functions are determned to be®1
for CD WwWo9MTo, 1 for ISDN T1l, and 2 for Voice respecti PETPSINI4RM 390a.
Applying the nmethod steps illustrated by Figures 19a-19c, t he

I sochronous functions CD Audio, |ISDN T1, and Voice are al

successfully scheduled into a set of two base soft frames as shown,

since the cunulative transmt tines of the isochronous data for the

two base soft franes are 151.2us and 4us, which are | ess than 273us,

t he common i sochronous watermark for base soft frames, step

392a. Nex the bus controller 14 determ nes polling
for two asynchronous f ons, five connection nmanagenent
transactions (GEO pol 1) e attention request, and three nmanagenent
queries are required, dp 394a. The bus controller 14 further

det erm nes t hat are avail able for the tw base
soft franes 5 transfers (using an exenplary -
95% usage r or39&4ed the transnmit times
avai l abl e for 9 e bus controller 14 then
schedul es the required-

Reschedule All Remaining Old ISO
Functions And Cumulate Transmit Time J§- 394

Scheduling Causes
Cumulated Transmit
Time To Exceed ISO

Yes

| =

Generate A Fault

360 Condition Indicating
I Serial Bus Capacity
Has Been Exceeded
And ldentify All
Unscheduled
ISO Functions
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New SO Functions
To Be Scheduled
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asynchronous transfers using two sets of base soft franmes as shown,
step 398a. The resulting polling schedule for this exenplary

appl i catweywes7shown in Figure 21b. ThpeT/usss/iagsys and
apparatus for dynam cally generating and mai ntai ning franme based

pol ling schedules for polling i sochronous and asynchronous functions
that guaranty | atenci es and - bandwi dths to the isochronous functions
have been descri bed. For additional information about the nethod and
apparatus of the present invention, refer to the encl osed Appendi ces.
Wil e the present invention has been q§??$ibed in terns of the above
enbodi nents, those skilled in the art recogni ze that . the
invention is not limted to the rmant s descri bed. The WO

96/ 13777
-37-

PCT/ US95/ 14209
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met hod and apparatus of the present invention can be practiced with

nodi fication and alteration within the spirit and scope of the
appendedwo 86/18977 The description is thus to be regarded aspcrhusss/iqaaoe ve
instead of limting on the present invention. CLAIMS 1. An
apparatus for generating and nmaintaining frame based polling schedul es
that guaranty | atenci es and bandwi dths to isochronous functions of

i sochronous peripherals coupled to a systemunit of a conputer system

al ong wi th asynchronous periphérals,

16/25
m M !

= Topology: Host, 1 Hub, 4 Nodes, 5 Functions

1 CD - Audio @ 44 khz

1 ISDN Channel @ 192 kbps

1 Voice Channel @ 176 kbps

2 Async Channels (Mouse/Keyboard)

| | 380
~ =« Requirements . /L/
Queue -
Transfer Depth Data Rate | Latency [Transmit Time
CD - | 2.75khz
Audio 64 bytes 1.408 mbps | (364 us) 114 us
| 1.5 kitz
ISDN 1 16 bytes 192 kbps (667 us) 37.1us
1.375 lhz
Voice 16 bytes 176 kbps (727 us) 37.1 us
Keyboard 32 bytes.. | Aéynp - 100 ms - 628 us
Mouse | 32bytes & Async | 100ms 62.8 us
Hub - 8 bytes 28.4 us-hub
GEO Poll |Node -4 bytes| Async N/A 21.8 us - node
Alt. Req. . None Async N/A 8 us each
Mgmt. |CMD - 4 bytes | 18.4 us - Tx
Query |Resp-9bytes| Async N/A 26.4 us - Rx

Figure 17a



sai d apparatus conpri sing: first neans for conducting a plurality of
configuration nmanagenent transcations between the systemunit and the '
peri pher aj®.96/1B9chr onous as wel |l as asynchronous, to dynarnpcptsesndmoer m ne
a plurality of operating characteristics for each of the peripherals, -

i ncluding | atency requirenent of the isochronous functions and ‘transmt
time of | sochronous data, as well as transactional requirenents of the
asynchronous peripherals and transmt times of transactions; second
nmgans for generating and maintaining a polling schedul efor the system unit
to poll the peripherals, the polling schedul e being genereated and

mai ntai ned i n accordance, wth the determ ned operating characteristics,
and consisting of a superfranme having a ﬂﬂu25llty of soft frames that are
replications of one or nore base fraps hewei-A, pol | ing of each of the

i sochronous functions is schedul ed |n-EﬁnAFlee ones of the soft franes by

virtue of said replications and scheth SRMEAS g of the isochronous
function in at le one of the one or npr¥ base franes and polling of each
of the asynchronous perilfatengys Hequicemintsd i n at nost one of
CD - Audio 364 us, ISDN 1 667 us --302
Voice 727 us
Y
LCowest Latency = 364 us - 304a

Soft Frame Size —= 364 us
ISO Watermark = 273 us (75%)

_ — v _
CTransmit Time - 306a
CD - Audio 114 us, ISDN 37.2 us

Voice 37.2 us, KB 628 us, Mouse 628 us, etc.

v ' 308
Schedule CD - Audio, ISDN And Voice - vuoa
> Tx = 188.4 us < 273 us (ISO Watermark)

Y
Async Transfers
2 Async Functions (Mouse/Keyboard) -310a
5 GEO Polls, 1 Attn Reqg
3 Mgmt Queries

v

Assume Frame Mark = 95%
Async Transfer Time Avallable . |-312a
fx_O g5 - 188 4 130 us/Frame

Schedule
Frame 1 ~ 4 Geo Polls.
Frame 2 ~ 1 GEO Poll, Attn Regs,
Mgmt Query
Frame 3 ~ Mgmt Queries
Frame 4 ~ Mouse Transfer
Frame 5 ~ Keyboard Transfer

- 314a

1 Superframe = 5 Soft Frames

(_E> ) Figure 17b
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wherein said first neans
and sai d

peri pherals to

AVENDED SHEET
as said

The apparatus as set forth in daim1l,
as well

i sochr onous dat a,

2.

39 -
conpri seswbiogas7rei rcuitry and conpl enentary | ogi c di sposed rOT/ES9504209ySt em

unit for polling said isochronous and said asychronous
provide said | atency requirenents of the isochronous functions

the soft franes.
ttansmt tines of
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transactional requirenents of the asynchronous peripherals and said
transmt tines of transactions. 3. The apparatus as set forth in daim"
2, wherei Wo8é/tB777rst circuitry and conplenentary | ogic di POrFAmIS/H420%ai d
systemunit polls said: isochronous peripherals for said |atency '
requi rements of isochronous functions and transmt tinmes of isochronous
data and said transaction requirenents of said asynchronous peripherals and
transmt times of transactions respectively, at power on and reset. 4,
The apparatus as set forth in daim3, wherein said first circuitry and
conplenmentary | ogic disposed on said systemunit further periodically
polls said i sochronous and sai d asychronous peripherals during operation,
for said latency requirenments of isochronous functions and transmt tinmes
of isochronous data and said transacti cHM2% equirenents of said
asynchronous peripherals and said transmt tinmes of transactions

respectively ©
< © o
o o ™
™

3

392
1

(Set Sze = Largest M)

Determine Number of Async
Transfers Needed
Determine Amount Of Async Transfer
Time Avaiable For Each Base Fame
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5. The apparatus as set forth in CQaim1l, wherein said second neans
conpri ses: first circuitry and conplenentary |ogic di sposed on said
- 40 - sysweowsaguwrt for determ ning an i sochronous wat er mar k FOWUS5hézne
frame. delimting a first upper Iimt wthin frame for scheduling polling

I sochronous functions 6. The apparatus as set forth in Caimb5,
wherein, said second neans further conprises:
20/25
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|
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second circuitry and conplenentary |l ogic for scheduling polling of

I sochronous functions in the base frame, for data comunication :
transacti OM@9643MT7ect to a first constraint that cumnul ati ve PAIVESISH#209t | nes
of the schedul ed i sochronous functions' isochronous data being | ess than
t he i sochronous wat er mar k 7. The apparatus as set forth in Caim6,
wher ei n, said first circuitry and conplenentary logic is further
used for determning a frame watermark for each of the soft frames for
deJinmiting a second upper liplt\ wthin2bab of the soft frames for
scheduling polling and #y)d second circuitry and conplenentary | ogic

Is further used for scheduling polling of said isochronous peripherals
havi ng schedul ed

Delete ‘Kny ISO Functions

No Longer Require Service 414

Reschedule All Remaining Old ISO Functions Into
Conresponding Rate Frames Cumulate Transmit Time

416

420
l

Reestablish Soft Frame Size
And 1ISO Watermark Without
The Lowest Latency New
ISO Function

Watermark Exceeded
For Any Base

Select The New ISO Function With The
- jLowest M Value And Has Not Been Excluded

will - 424
Scheduling
Cause Cumulated Transmit

Time To Exceed ISO
Watermark For Any
Base Frame

Yes

A l 432
I

426 Generate A Fault
| Condition Indicating
: Serial Bus Capacity
Has Been Exceeded
And Identify All
Unscheduled
ISO Functions

No

v SO Function 'ln.O_ne"va'l"' ;
More Base Framesgjiliisied On its M Value And |
Cumulate Transmit¥ene £or Each Base Frame.

More
Unexcluded .
New ISO Functions

Yes Yes

Jo Be Scheduled - 430
Any
No New ISO Functions
- Excluded
- ?

Figure 19b




functions for connection managenent transactions, around said schedul ed
polling of said isochronous functions for data conmuni cation transactions,

subj ect tayv@ogsond constraint that cunulative transmt ti npgraises/ie09
schedul ed i sochronous functions' isochronous data and the schedul ed

| sochronous peri pheral s' connecti on managenent transactions being |ess than
the frame watermark for each soft frame, said second circuitry

*C L N S = _A - 41- and

conpl ementary logic replicating said one or nore base franes to schedule
said polling for connection managenent transactions, i'f necessary.

22/25
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8.. The apparatus as set forth in CQaimb5, wherein, said second neans
conpri ses: second circuitry and conplenentary |ogic for deternining
a | east ceygegnsgpdate rate required by said i sochronous funptr@essdsaeed on
their respective update rates required which are conputed fromsaid :

| atency requirenments, determning a plurality of truncated integer

mil tipliers, one for each isochronous function, based on said | east comon
update rate and said update rates required by said i sochronous functions,
and scheduling polling of selected ones of said isochronous functions in
the base frame and in accordance with said truncated integer nultipliers,
for data communication transactio@3/28ubject to a first constraint that

cunmul ative transmt tines he schedul ed i sochronous functi ons'
I sochronous data being Iesssyﬂ&prrhe | sochronous watermark for the base
frame 4.*

Select A Group Of Async Transfers

- 448

Select An Async Transfer §- 450

Select Lowest
Unexamined Base Frame

Schedule The
Async Transfer

Add A New Set Of

Base Frames And Select

- | The Lowest Unexamined
R Base Frame

Transfér
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said
schedul i ng
for

said first

and
42 -

Caa)) o &1z ainbi

used for determning a frane

wher ei n,

for delimting a sec@®aI/U{9SR4200i mi t

around sai d schedul ed polling of said
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data communi cati on

The apparatus as set forth in Caim 8,
circuitry and conplenentary logic is further

wat er mar k W@P6/839Gh of the soft franes,
second circuitry and conplenentary logic is further used for

pol Iing of said isochronous peripherals

within each of the soft frames for scheduling polling ..
REPLACEMENT SHEET

connecti on managenent transactions,

i sochronous functions for
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transactions, subject to a second constraint that cunulative transmt tinpes
of the schedul ed i sochronous functions' isochronous data and the schedul ed
i sochr ongugpogpmyioher al s' transacti ons being | ess than thePCT/AR85/1420%r nar k
for each of the soft frames said second circuitry and conplenentary |ogic
replicating said constrained base soft franes to schedule said polling for

connecti on managenent transactions, if necessary. | 0. The apparatus as
set forthin Claim 8, wherein, coupled to said system unit -
hi erarchically through said serial bus assenbly; said polling
schedul e generated by said second neans further includes polling of said
asynchronous peripherals for asynchr o85(25 said second circuitry
and conpl enmentary logicfs fgrther used for &chedubi ng i ngenf said
asynchronous peri pheral gaf oremsynchr onous angaconn i on nagdﬁbnt
transacti ons, around seReEe == P56 -E:neu:é HRet=h ONS
for data conmuni catiloq RNEALT) ons, subj ect 5 onp NSt g{nt { hat
cumul ative transmt '”R? o[ gaid schedul ed iq@ QUs | & 5
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functions' isochronous data and said schedul.ed asvchronous perioherals

trahsacti on,
¢onstrai ned:

necessary.

said second circuitry and conpl enentary | OCIRtEg ! R
1

s to schedule said polling of saio YeH

UERTHe

peri pheral s: for. asmchronous and connecti on nmanagenent t rlansact i ons

conput er sy'st

peri pheral s
peri pheral s

) ) 9
r'm“m,’”m/st emunit, a plurality g? | soc%rsoﬁﬁﬁs'la °

and a bl ulal #ty of asychronouggperl pheral s. erein the

%mmgochronous

1. An apparatus for generating and maintaining frame based polling

schedules that guaranty latencies and bandwidths to isochronous functions

isochronous peripherals hierarchicaliy-interconnested coupled to a system-
of a computer system, along with asynchronous peripherals, through-a-serial

of

unit

ehe-or-mere-bus-interfaces, said apparatus comprising:
first means for detesmining—conducting a plurality of configuration
management transcations between the system unit and the peripherals,

isochronous as well ag asynchronous, to dynamically determine a plurality of
srtieal operating characteristics of for each ieeshronous of the peripheralg,

including latency requirement of the isochronous perpheral-functions and
transmit time of the-iseehreneus-peripherals- isochronous data,_as well as

transactional requirements of the asynchronous peripherals and transmit times

of transactions;

second means for generating and maintaining a polling schedulefor the

em unit to poll the peripherals. the polling schedule being genereated and

maintained in accordance with the determined og

perating characteristics, and

consisting of a superframe having atjeast-ore 2 gluralig of soft frames that are

replications of one or more base frames, wherein polling of each of the

isochronous functions -are Is scheduled in the-aHeast-one multiple ones of the

soft frameg by virtue of said replications and scheg

the soft frames.
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as well as asynchroneus—are Toupled to the systemunit, REPACEMENT SHEET
generating and mai nt ai ni m‘ based pol i ng schedul es {h§ guaranty

batenci es and ba ronous functions of the serg W

peripheral s, the $§sSing the steps of: a] jconducting a
plurality of canf i gurat I on managenent transactions bet veen'
and the peripheral s, synchronous as welt 3%as asynchronous} to dynam cal 'y

per | pher al o, nctud gameer@ es{,%é ‘ﬁ%ﬁtﬂf&hﬁéﬂ%ﬁﬁh' ?«hs%ﬁga%@r g%ﬁ@s%anﬂ%
and transm t e of. L )
requirements

G2k R CRs
transacti ons; ﬁ?aﬁ“e“t' comBth@ﬂ?srt%?rbGiﬂ'ym %ﬂhﬁiéﬂﬁéﬁ l@gl@@lédd%@d&ﬁ*@ﬁd' e |

for the systemunit
bus-controlier s system unit for polling said isochronous and said asychronous

peripherals to provide said latency requirements of the isochronous functions

and said transmit times of $hei# isochronous data,as well as said

transactional requirements of the asynchronous peripherals and said transmit

times of transactions.

3. The apparatus as set forth in Claim .2, wherein safd first circuitry and
complementary logic disposed on said bus-sehtreller system unit polls said
isochronous peripherals for said latency requiréments of isochronous
functions and transmit times of the-isechrencus-functions’ isochronous data,

sherais and

and said transaction requirements of said agsynchronous perip

transmit times of transactions respectively, at power.on and reset.

4, The apparatus as set forth in Claim 3, wherein said first circuitry and
complementary logic disposed on said -bus-eentrelier systern unit further
periodically polls said isochronous and said asychronous peripherals during
operation, for said latency requirements of isochronous functions and
transmit times of %heﬂseeh;eneus#unmns isochronous data, and said

transactional requirements of said asynchronous peripherals and said
transmit times of transactions respectively—-peredically-during-operation .

5. The apparatus as set forth in Claim 1, wherein said second means fer

generating-and-maintaininga-polling-schedule comprises:
first circuitry and complementary logic disposed on said -bus-controller

]
H]

AMENDED  SHEET |




pol | t”he peri pherats;—the—+PottiTg—Schedul e bei ng gener at REPL\AGEWN"I{ SHEED

“accordance with th ) operating characteri s
consi sting of a E ﬂl‘ ”D‘@D a plurality of soft f
replications of, OB ! frames, wherein polli

i sochronous functions is scheduled in l\ti pl e ones of

in

, . , : - 40 :
virtue of said replications and schedulin ollin of eagh of the

i sochronous fsyBfedrh Uit foR debdrmifmglarPRBcionbls walerneark T8 & pRaedr —and
polling of ea e asychronous peripherals is schedured rn at nost one

of the soft fdelimiting a first upper limit -ofa-seft within frame for scheduling pollifg -

isochronous functions. te-ensure-the-guaranties-afe-met .

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

-fer-generating-and-maintaining-a-polling-sehedule  further comprisés:

second circuitry and complementary logic for scheduling polling of as--

wmany-isochronous functions as-pessible-within-a- in the base sef frame, for
data communication transactions, subject to a first constraint that cumulative

transmit times of -eaid~the scheduled isochronous functions’ isochronous data
being less than eaid-the isochronous watermark -said-secend-cireuitry-and

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

said first circuitry and complementary logic is further used for
determining a frame watermark for each of the soft framgs for delimiting a
second upper limit efa- within each of the soft frameg for -performing
scheduling any-kind-ef polli-ngv—,te-ensufe-epefaﬁeﬂakeﬁabﬂ.ivj : and

said second circuitry and complementary logic is further used for
scheduling polling of said isochronous peripherals having scheduled isochronous
functions for connection management transactions, around said scheduled
polling of said isochronous functions for data communication transactions,

subject to a second constraint that cumulative transmit times of -said-base-seft

-frarme:-the scheduled isochronous functions’ isochronous data and the

scheduled isochronous peripherals’ connection management transactions being
less than -seid- the frame watermark for each soft frame, said second circuitry

| AMENDED SHEET




rforned

12. The nethod as set forth in Claim 11, mhereREPLMAEM S}E

at power on and-reset 13 The_nmet hod as set fprfrTm O alm 134, jwherein
step (a) is further perfornmed periodically during oae M‘NR 199814 |The

met hod as set fommll uﬂﬂuﬂut&ulv\herei n step (b)jcpndrises deternining an
| sochronous wat e frame, for delimti ' bpr limt
of within the base frahe tor® s¢hedul Igdbot | i ng ¢f isochronous fupctions
15. The nmethod as set forth in Caim 14 ,wherein=step~(D) Turther

conpri ses sam@mmpignmtanydgg@rrepln@mrmmw&a%%
frame, for data communication transactions, subject to a first _ constraint

t hat curul at fremegtersahiadule gaid palling fos cgene@tm@ae@msnbugnsacﬂons if

necessary.

8.. The apparatus as set forth in Claim 5, wherein, said second means

ther, comprises:

second circuitry and complementary logic for determining a least common

update rate required by said isochronous functions based on their respective

update rates required which are computed from said latency requirements,

determining a plurality of truncated integer multipliers, one for each isochronous

function, based on said least common update rate and said update rates

required by said isochronous functlons. and scheduling polling of selected ones

of said isochronous functions -using-multiple in the base base .seft frame s- and
in accordance -te- with said truncated integer multipliers, for data communication

fransactions, subject to a first constraint that cumulative transmit times of -said:

the scheduled isochronous functions’ isochronous data being less than sald- the
isochronous watermark-lin-eash-of-eaid for the base frame-e;-said-sesond

9, The apparatus as set forth in Claim 8, wherein,

said first circuitry and complementary logic is further used for
determining a frame watermark for each of the soft frames_for delimiting a
second upper limit -ef-a- within each of the soft frameg for perferming-any—
kind-ef scheduling polling %emmpe:ahonal—mlabuw and

said second circuitry and complementary logic is further used for

scheduling polling of said isochronous peripherals having-ssheduied

AMENDED SHEET |




limt

functi ons'

Wit hin emmﬁmmmuimmranes for schedul i ng olling and
schedul i ng pol | 1 gk ronous peripherals fpr|c@hMAR $98
managenent transactions, "ardun8l said schedul ed pol I'i hg} of said isochr
functions for data conmuni cation transactions, subjeft
constraint that cunulative transmt tinmes of the sche
i sochronous data - 42 -

functions' isochronous data being | ess than the isochronous watermark
16 The nethod-as set forth in Caiml1l5 , wherein, s [ dgml
.conpri ses: determning a frame waternmark delim oot

to a second
i hr onou

as for connection management transactions, around said
scheduled polling of said isochronous functions for data communication
transactions, subject to a second constraint that cumulative transmit times of

said-base-softframe the scheduled isochronous functions’ isochronous data

and the scheduled isochronous peripherals’ transactions being less than seid

the frame watermark for each of the soft frames, said second circuitry and

complementary logic replicating said constrained base soft frames to schedule

said polling for connection management transactions, if necessary.

10. The apparatus as set forth in Claim 8 ,wherein,

said polling schedule generated” ‘Y"said second means further

ZE "éfsynchronous peripherals for asynchronous

said second circuitry and complementary logic is further used for
scheduling polling of said asynchronous peripherals for asynchronous and
connection management transactions, around said scheduled polling of said
isochronous functions for data communication fransactions, subject to said a
second constraint that cumulative transmit times of said scheduled isochronous
functions’ isochronous data and said scheduled asychronous peripherals’
transaction, said second circuitry and complementary logic -sirnilary- replicating
said- the constrained base seft frames to schedule éaid polling of said
asynchronous peripherals for asynchronous and connection management

transactions, if necessary.
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- 45 - and schedul e i sochronous peripherals transact f;oms" s g
eaid the frane watermark for each soft frame. repli ciiid UHMENT oMaiud
nore base soft frames to schedule said polling for co

transactions, if n ik {igg; The net hod as set t 18 MAR Wl
wher ei n, - coupl eﬁmﬂmnHu I‘ t one bus signal disfributor ntradflfer
* c L L $ *

In an

- 43 -

11. In a computer system comprising .a-bus-centroller-atleastone-bus-signat .
distributer-and a system unit, a plurality of isochronous peripherais and a

lurality of asychronous peripherals. wherein the peripherals, both isochronous

‘ ‘ . . .
as well as asynchronous are coupled to the system unit, having-a-plurality-of

method for generating and maintaining frame based polling schedules that
guaranty latencies and bandwidths to #e isochronous functions of the
isochronous peripherals, the method comprising the steps of:

a) determinirg. conducting a plurality of conﬁgurafidn management

transactions between the system unit and the peripherals _synchronous as well

as asynchronous, to dynamically determine a plui'ality of eritical operating
characteristics -of for each of the -rseehreaeus- peripheralg, including latency

requirement of the isochronous -peripheral functions and transmit time of the-

isechronous-perpherals isochronous data, as well as transactional

requirements for the asynchronous peripherals and transmittimes for

transactions; and

b) generating and maintaining a poliing schedule for the system unit to

poll the peripherals, the polling schedule being generated and_maintained in

accordance with the determined operating characteristics,_and consisting of a
superframe having atleastene g plurality of soft frames that are replications of

one or more based frames, wherein polling of each of the isochronous functions

@re- is scheduled in the-atleastene multiple ones of the soft frames by virtue

of said replications and scheduling polling of each of the isochronous functions in
at least one of the one or more base frames, as-frequentas-itis-recessary

o-determined-critical-operating-charasteristies and polling of each of

the asychronous peripherals is scheduled in at most one of the soft frames.
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/ .
hi erarchi cal manner \Wd—pel—i—l—ng schedul e gener IAGEW SHE[‘E es
pol I'i ng of said further conprises detgrifining a frame
wat ermark for each of“! w,ﬂﬂgﬁd for delinmiting als¢cahd MigRdsyd i I
Wi thin each of the so hedul ing polling}j @and scheduling
pol ling of said asynchronous perlpherals for asynchrofpousS andcormectd o

managenment transactions, around said schedulggd - polling_of said isochronpus
functions for, _datg_conmuni cation transactions, subject to a second

constraint tH& cuhbe Mmethediassatiprthin Maimor the WhewHy sRidibuscenteien s

functions' isochronous data and,the scheduled a chr onous
peri pi heral s' Eﬁ"gﬁgﬁ a)igigiiaraed atipoweron ?'@%{?e termark for each

soft frane, replicat|ng said one or nore base franes to schedule said
pol I'ing of said asynchronous peripherals for asynchronous and connection .

nmanagement t rlegnsac-hhg Riethbb SEEETEAN YN Claim 12; wherein seid-bus-eentrotier
Surtherperorms . step (a) is further performed periodically during operation.

14. The method as set forth in Claim 11, wherein step (b) comprises

determining an isochronous watermark for a base frame, for delimiting a first

upper limit of a-seft within the base frame for scheduling polling of isochronous
functions {o-ensure-the-guaranties-are-met-.

15. The method as set forth in Claim 14 ,wherein, step (b) further comprises

scheduling polling of asspapy¥ isochronous functions -as-pessible-withipa in the

base -seft frame, for data communication transactions, subject to a first

constraint that cumulative transmit times of said the selected isochronous

functions’ isochronous data being less than -said the isochronous watermark,-

16. The method as set forth in Claim 15, wherein, said step (b) further

comprises:

determining a frame watermark delimiting a second upper limit efa-
within each of the soft frameg for perorming-scheduling any-kind-ef polling
te'-eﬁeufe-epefa’deﬁahehebih%y and

scheduling polling of said isochronous peripherals havirg-seheduied-
isechreneus-funetions for connection management transactions, around said
scheduled polling of said isochronous functions for data communication |
transactions, subject to a second constraint that cumulative transmit times of

-said-baso-seft-frame the scheduled isochronous functions’ isochronous data
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18.
conpri ses

el | 111 1T [ et S e L S

The nethod_as set forth in Caim14,,wherdein, stej RP‘ELACEMEM SHEET

determ ning a | east common update rate requijrgd bé sai d

of truncated inteder ‘muf'ti Ppli®rs, one for each isochrgnous functron, baged

on said | east common update rate and sa 45 -~

-46 - update rates required by said isochronous fu,nction%”i and, _cgedul i ng
pol i ng of_and schedule isochronous peripherals transactions being less than sa;ef the

frame watermark for each soft frame, replicating said-constrained said one or

. more base soft frames to schedule said polling for connection management

transactions, if necessary.

17. The method as set forth in Claim ~ 15, , wherein,

&I COrMPute SYStE e i JagesS-asSvyRCRToRNOouI PeitpnIcrs
."/

-

coupled to said at least one bus signal distributor and 5Us controller in an
hierarchical manner,

said polling-s¢ edulé generated further includes polling of said

.
ebhroanoic nannha AL OV A e o - Al

= = = o = = =3 = - > ~ae - oottt >,

step (b) further comprises determining a frame watermark for each of the
soft frame for delimiting a second upper limit within each of the soft frames for

scheduling polling, and scheduling polling of said asynchronous peripherals for
asynchronous and connection management transactions, around said scheduled

polling of said isochronous functions for data communication transactions,

subject to said- a second constraint that cumulative transmit times of the

scheduled isochronous functions’ isochronous data and the scheduled

asynchronous peripiherals’ transactions being less than the frame watermark for
each soft frame, replicating said -censtrained one or more base -seft frameg to

schedule said polling of said asynchronous peripherals for asynchronous and

connection management transactions, if necessary.

18. The method as set forth in Claim 14, wherein, step (b) further comprises
determining a least common update rate required by said isochronous functions
based on their respective update rates required which are computed from said
latency requi.rements, determining a plurality of truncated integer multipliers, one

for each isochronous function, based on said least common update rate and said
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said i sochronous functions in the base frame and in f

truncated integer multipliers, for data comrunication ‘@AELA

subject to a first constraint that cunul ative transmt jtifies of

schedul ed i sochronous functions' isochronous data beind llessgtaR 199se
I sochronous wat ermark—for the base frane 19. THe |met hod as set

forth in Claiml b) further conpriseg ‘
frame wat er mar k f m “"I EI ft frames, for deliniting a second up;ﬁer
OTc

linmit wthin eachs
schedul i ng pol |ing of sald |sochronous -péfbi pheral s

mes for schedullng Oof polTing and

update rates required by said isochronous functions, and scheduling polling of
said isochronous functions using-multiple in the base -seft-frame-s- and in
accordance e with said truncated integer multipliers, for data communication

transactions, sUbject to a first constraint that cumulative transmit times of -said-

the scheduled jsochronous functions’ isochronous data being less than said- the

isochronous watermark in-each-ofsaid for the base frame s—+rejeeting

19. The method as set forth in Claim 18, wherein, step (b) further
comprises determining a frame watermark for each of the soft frames, for

e e e I

delimiting a second upper limit -ef-a~ within each of the soft frameg for
performing gcheduling -any-kind-ef polling te—ensufe-eper-aﬂeﬁal—fehabﬁﬁy :
and :
scheduling polling of said isochronous peripherals having-seheduled

isochronous-functions for connection management transactions, around said
scheduled polling of said isochronous functions for data communication
transactions, subject to a second consfraint that cumulative transmit times of
said-base-seft-frame the scheduled isochronous functions’ isochronous data
and.the scheduled isochronous peripherals’ transactions of each soft frame
being less than said- the frame watermark, replicating said -constrained one or

more base sefi-frames to schedule said polling for connection management

transactions, if necessary.
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for connection managenent transactions, around said s
salid i sochronous functions for data conmunication tra
‘a second constr ai n | ative transmt tines of

i sochr onous fun gg@ml sochronous data and the schedyl

peripherals' tr !ﬂl ’ soft frame being le
ﬁ nore base franes t

thgﬁigﬁgqgﬁgs.

ssary.

wat ermark, repliea
pol l'i ng for connection nanag‘enent transact | ons, i f nec
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20. The method as set forth in Claim 19, wherein,

= LR - oaatorn A WS - T n ESHO D& ata¥~

oy - aw . - vy - - ~ >

coupled to said system unit hierarchically through-said serial bus assembly;

said polling schedulegénerated further includes polling of said

o ¥ DD - X T T ' ¥ radlala
-y - - - " - Y - 7 - CSTICTIO

et b

step (b) further comprises determining a frame watermark for each of the

soft frames, for delimiting a second upper limit within each of the soft frames for
scheduling polling, and scheduling polling of said asynchronous peripherals for

asynchronous and connection management transactions, around said scheduled
polling of said isochronous functions for data communication transactions,

subject to said a second constraint that cumulative transmit time of the

scheduled isochronous functions’ isochornous data and the scheduled
asynchronous peripherals’ transaction for each soft frame being less than the
frame watermark, replicating said eensirained one or more base seft- frames to
schedule said polling of said asynchronous peripherals for asynchronous and

connection management transactions, if necessary.
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20. The nethod as set forth in Caim19, wherein, cq. T e e GEmd
unit hierarchically through said serial bus assenbly; |NiZiireJisgil gg
schedul e generated further includes polling of said :
further conprises determning a frame watermark for eac
frames, for delimting d& second upper Iimt within each

for scheduling polling, and scheduling polling of said
peri pherals for _
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asyngchronous and connecti on managenent transactions, arou

polling of said isochronous functions for data communi cat

subject to a second constraint that cumnulative transmt

schedul ed i sochronous functions' isochornous data and the
asynchronous peripherals' transaction for each soft frane
the franme watermark, replicating said one or nore base

53 il

nes to

r asynchr onous an

schedul e said polling of said asynchronous peripherals f
connection managenment transactions, if ne@éd8ary.

-
8o N
S
.. T
- L
32 & &y
i ~
2 <
o O 23]
o S Q La 8| s]2g
S Q N O« \ { T H =
o a N ) Qo o B el
.. - \ <)< © L5
o o o~ i 8“
T * z 1° Zz o<
i . L & gg’
(24 -
(a4 a -~
- 5
< < Q3
T 9 i o
) o 21
g — 35
§ v‘e W)~ gg -
29 1A o 23
NE-FIEE:
L O L 3
Z2~10
w
renfO
N
S =
N G
IRy
5 &
L alzi
ns =21
s N Q? T o
as N < &O
<N \- © o~ Qg
Om 0O O o
ws V2 |<0o
o o
X s o~
H w
o
<
Q = o
S £ R ) 5_
_ - 2
NG © e &
™ 20 |3 N 8+
HQ g -l D2 "x
eq Lo A
Q< o<
. O o 0 o
<E3 o < 0
O © o
w iy
© o

g | AMENDED. SHEET




REPLACEMENT SHEET
28 MAR 1998
7/25
56
l
52
1 Data Buffers
Control State To
Machine _ > —>
A _ Hubs/
and Circuitry Nodes
} Control/Status ' '
Registers
N
54
Figure 8
62 60 64
| l | I
Device | Operating | o ! Configuring
Software System Software

!

!

Serial Bus Controller Services

. -5
- Connection Management 8

- Transaction Management

Figure 9

AMENDED SHEET




