WO 01/ 31605 PCT/ USOQ 29747 -1 ADAPTI VE BANDW DTH SYSTEM AND METHOD FOR
BROADCAST DATA Backer ound of the Invention This invention rel ates
generally to a system and nethod for providing an adaptive bandw dth
system ag@ ¢igidyed for a broadcast system and in parti culpgfiusbdens 5 system
and nethod for allocating bandw dth over a broadcast type systemin
response to downstream end user behavior. Typical broadcast type systens,
such as tel evision systens and cabl e systens, broadcast the sane signal to
all service nodes and/or subscribers. These typical systens are known as
broadcast systens because a single identical signal is transmtted 10 at

all tinmes regardl ess of whether it is being used by any end user. It is
desirable for broadcast systens, sugh as cable tel evision systens, to be
able to have a digital packet sw tched systemso that system bandwi dth is
only used for services actually belng used by end users. There are various
dif ferent s , S METROIFFORHRORPCASTHAER SW t ched

systemto roacas y ) exarrp e, one patent, assigned to Stanford
Uni versit descyribes a nethod of tracking and targeting a
deanrapH%@%?P?ﬂﬁgﬂﬁﬂéaJﬂﬁmdlence in a cable systemin which one or nore
different channels containing advertisenents permt advertisenents to be

targeted to aT%artl cul ar group of customers. WD 01/ 31605 PCT/ US00/ 29747
is invention relates generally to a system and method for providing an

adaptive bandwidth system and method for a broadcast system and in particular, to a
5  system and method for allocating bandwidth over a broadcast type system in response

to downstream end user behavior.

Typical broadcast type systems, such as television systems and cable systems,
broadcast the same signal to all service nodes and/or subscribers. These typical
systems are known as broadcast syst_ems because a single identical signal Iis transmitted

10 atall times regardless of whether it is beiné used by any end user. Itis desirable for
broadcast systems, such as cable television systems, to be able to _have a digital packet
switched system so that system bandwidtﬁ is only used for services actually being used

by end users.

There are various different systems that attempt to provide some features of a
15  switched system to broadcast systems. For example, one patent, assigned to Stanford
University, déscribes a method of tracking and targeting a demographically-defined
audience in a cable system in which one or more different channels containing

“advertisements permit advertisements to be targeted to a particular group of customers.



-2 The patent does not describe, however, a digital data switched system
for a broadcast system Another patent, assigned to Zenith, discloses a

met hod for ﬁlﬂi 'Fgeexi ng conpressed video and auxiliary data on the same TV
transm ssi 8. ’ﬁs/isﬁ m The system includes a feedback mec RSHUSH2Hat al | ows

the nultiplexor to vary the buffering rates 5 of the conponents of the
signal in order to maintain certain quality levels. Again, this systemis
not a digital data switched network. Yet another patent, assigned to
Lucent, describes a nmethod for multiplexing data services across nultiple
TV transm ssion channels. In this nethod, the maxi rumdata |evels are

fi xed on each channel but a bandw dth manager dynam cally tracks bandw dth
usage on the channels and has the 10 &bility to determ ne on which

channel (s) any additional traffic will be |located. A digital data sw tched
network may _provi de a broadcast systemw th many advantages and

capabi | i t i eDepatentfiags petsescabe. howeves adigitabdete switchog system foFebrasdeaspl e, t he
signals, including both programm ng signals and advertisenments, being sent
to each s6¥F&nti drqthespateny sssigaedto Jenitty disblosasmmeethqufor miktiplekingt ar get ed t o
each subscriber or 15 service node. In addition, the bandw dth being

al | ocat ed rompmssedvides mdanxilingalatinnm thesarie TV Ragatksiofl §pt@ASTEe Ghtemeduced to
zero for some period of tinme. The digital switched systemalso pernts

i ndi vi dual inetuides ifeedtask Mectahiginahd alléwifie ffilipldxor RVl BEbYERe Ragde.  Thus,
it is desirable to provide a digital data switched network for typical

broadcast ofthe tsiSonehts of the signdl $n bdkrto Blachtlil Blrtdid GuaREASRIN. AJVERfd ON 1S
directed. WO QU31605 PCT/ US%Y 29747 ' uabity? - Aght s
system is not a digital data switched network. Yet another patent, assigned to Lucent,
describes a method for multiplexing data services across multiple TV transmission
channels. In this method, the maximum data levels are fixed on each channel but a

bandwidth manager dynamically tracks bandwidth usage on the channels and has the

10  ability to determine on which channel(s) any additional traffic will be located.

A digital data switched network may provide a broadcast system with many
advantages and capabilities not now available with a broadcast system. For example,
the signals, including both programming signals and advertisements, being sent to each
subscriber or service node may be more Speciﬁcally targeted to each subscriber or

15  service node. In addition, the bandwidth being allocated to any single service may be
increased, decreased or reduced to zero for some period of time. The digital switched
system also permits individual multiplexes of signals to be sent to each service node.
Thus, it is desirable to provide a digital data switched network for typical broadcast

systems and it is to this end that the present invention is directed.



-3- Summary of the Invention A bandw dth adaptive system and nethod for a
broadcast data systemis provided. The systempermts a broadcast system
such as cable, to vary the bandwi dth of any service being provided to a
servi ce now® mpies subscri ber based on feedback from 5 t hecseseweminode or
subscri ber. The system nmay al so permt a particular service to be dropped
for sonme predeterm ned period of tine so that that bandw dth nmay be used
for other service. In general, the systempermts a typical digita
broadcast television type system such as cable, to be converted into a
digital data switched network system In nore detail, the system may

i nclude a re-nultiplexor that re-apportions the 10 bandw dth of the system
based on feedback fromthe downstreanB8subscribers or service nodes. The
feedback fromthe subscribers or service nodes may be generated based on

t he downstream end user behavior. For exanple, if all of the subscribers to

a partlcugmw%g&are not currently using a particular service,
the bandwi dth allocated to that unused service for the particul ar service
node may be reduced and then 15 the freed up bandwi dth nay be apportioned

to other servi Cﬁ%and-w?&h SAphi98kyAteRanB St ddSor @brss‘crcxgt Qﬁa spedppisadded or
dropped with mn| mal | atency and for different nultipl exes of signals to

be ge“erat 'ﬁfb“sg?&g@&‘nﬁ AHSACACRERN Dn a0 Aol &g of the

service no service, the dystem may us a nove r| ng buffer

mechani sm eranQ Beifls BoVIaBE R SR role HPY SinSiba dased N 2iback 36
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S  the service node or subscriber. The system may also permit a particular service to be

dropped for some predetermined period of time so that that bandwidth may be used for
other service. In general, the system permits a typical digital broadcast television type

system, such as cable, to be converted into a digital data switched network system.

In more detail, the system may include a re-multiplexor that re-apportions the

10  bandwidth of the system based on feedback from the downstream subscribers or
service nodes. The feedback from the subscribers or service nodes may be generated
based on the downstream end user behavior. For example, if all of the subscribers to a
particular service node are not currently using a particular service, the bandwidth
allocated to that unused service for the particular service node may be reduced and then

15  the freed up bandwidth may be apportioned to other services. The system also permits
a service to be added or dropped with minimal latency and for different multiplexes of
signals to be generated for each service node depending on the current needs of the
service node. To drop/add a service, the system may use a novel ring buffer

mechanism as will be described below in more detail.



-4 In accordance with one aspect of the invention, a nmethod for optim zing
bandw dt h effici encies in the distribution of digital vi deo digital audio
and data over cabl e tel evision systemis provided. lar,
di ff erent W‘Hﬁéﬂ’ﬁs& on channel's or ~portions thereof car? h‘iﬁ? fically
custom zed to contain only those digital video, 5 digital aud| 0 and data
conponents of value at that tinme to the custoners served by those

channel s. This custoni zation may be acconplished with a dynami c bandwi dth
managenent conponent/ mechani smthat has the ability to nonitor and react to
changi ng custoner usage patterns, and to instruct a re-nultiplexor nodule
to allocate bandw dth fromdigital services that require | ess bandw dth at
a given tine to services 10 that reqdlfte nore bandwi dth. One or nore
different flow control nmechanismin accordance with the invention to
achieve this goal are described below In addition, the bandw dth
efficiencies ddsesdopiadcewaitieone aspeyt fshoipventionc mithorbfor optinigingg a

degradation of service to the custonmers of the systemthrough a variety of
t echni quesbandeiith ¢fficicndimrie the dishitmtioy of digital #kleo, digitll omliccand dapyver s t he
creation and distribution of 15 unique nultiplexes for each digital carrier
channel i ncabRatlevisibn Systeniie povided Almitictlar, differsit Wansmissic chahndlsoraccor dance

wi th anot her aspect of the invention, the systemmy include a data

receiver t ﬁ&ﬁoﬂs@ﬁe@éo‘f@ﬁ:ﬁ@c%h&rﬁical@&@ﬁﬁﬁieﬁ 16 Ednfeath smsmmd@a@m]w as the data

needed for the CNN or EPSN tel evision services, and | P dat a, and a

bandw d§ h gl Gadib Atk SifcotBollert’di3Re gﬁ&t%ﬁmo%ﬁgé&omers served by

those channels. This customization may be accomplished with a dynamic bandwidth
management component/mechanism that has the ability to monitor and react to
changing customer usage patterns, and to instruct a re-multiplexor module to allocate
bandwidth from digital services that require less bandwidth at a given time to services
10 that require more bandwidth. One or more different flow control mechanism in
accordance with the invention to achieve this goal are described below. In addition,
the bandwidth efficiencies described herein may be obtained without causing a
degradation of service to the customers of the system through a variety of techniques
described herein. The system described herein requires the creation and distribution of
15  unique multiplexes for each digital carrier channel in each optical node in a cable

television system.

In accordance with another aspect of the invention, the system may include a
data receiver that receives digital broadcast television data, such as the data needed for

the CNN or EPSN television services, and IP data, and a bandwidth allocation and



-5 nmul tiplexing systemthat dynamcally allocates the bandwi dth in the
systemto one or nore services nodes. The dynam c allocation nmay occur

based on feedback about subscriber behavior that is fed into the bandw dth

al | ocat i on VEOL/3EMSt | pl exi ng system In nore detail, the BSEASI/AT4
all ocation and nmultiplexing systemmay include a re 5 nultiplexor, a
bandwi dt h manager and a digital broadcast television services server

connected together. The server receives the feedback about the subscriber's

behavior and forwards it onto the bandw dt h nmanager. Based on the
subscri ber behavior, the bandw dth nmanger may determ ne how to all ocate
t he bandw dt h of the system The re-nultiplexor may all-ocate the system
bandwi dt h based on the conmands from the 10 bandwi dth manager. Using this
system a switched digital data network for broadcast type data is
provided. Brief Description of the Drawings Figure 1 is a bl ock diagram

i |1 ustrati mopldpleningsystest thatydyhaenicallyadllogabesahe agdwidéh inblnsystenttth opg drocat i on
systemin accordance with the invention; 15 Figure 2 is a diagram

i 11 ustrati mgreserdcdsadiese The dfmantieallvzatibil iy ocalr bassdionFeedbackiabost i n
accordance with the invention; and Figure 3 is a diagramillustrating

anot her enbgkeARA beliakviok Bt Qmmodh@bmabvkmawcmnmﬁa bRdipliRtyREdance w th
the invention. WD 01131605 PCT/US00/ 29747 -
" In more detail, the bandwidth allocation and multlplexmg system may include a re-
5 multiplexor, a bandwidth manager and a digital broadcast television services server
connected together. The server receives the feedback about the subscriber’s behavior
and forwards it onto the bandwidth manager. Based on the subscriber behavior, the
bandwidth manger may determine how to allocate the bandwidth of the system. The
re-multiplexor may allocate the system bandwidth based on the commands from the

10 bandwidth manager. Using this system, a switched digital data network for broadcast

type data is provided.

Brief Description of the Drawi

Figure 1 is a block diagram illustrating a broadcast system incorporating the

bandwidth allocation system in accordance with the invention;

15 Figure 2 is a diagram illustrating an embodiment of the bandwidth allocation

method in accordance with the invention; and

Figure 3 is a diagram illustrating another embodiment of the bandwidth

allocation method in accordance with the invention.



Det ail ed Description of a Preferred Enbodi nent The invention is
particularly applicable to dynam c bandw dth al |l ocati on based on

subscri ber_behavior in a digital broadcast tel evision cable systemand it
is in thisvoOYM68t that the invention will be descri bedPCTUSHWPT he
appreci ated, however, that the 5 system and nethod in accordance with the
i.nvention has greater utility, such as to other types of broadcast systens
in which dynanmi ¢ bandwi dth allocation is desirable. In the preferred
enbodi ment, the invention may be inplenented by one or nore pieces of

har dwar e, such as the servers, there-nultiplexor and the service nodes, and
one or nore pieces of software, such_as the bandw dth manager and software
in the service 10 nodes and the re-miPti pl exor, that are executed by the
one or nore pieces of hardware. Together, the hardware and software

i npl enent t{he bandw dth allocation system Now, the bandw dth allocation
syst em f or DetaBelleserpton.of a Preferred fimhodimenii t h the invention will be
described in nore detail. Figure 1 is a block diagramillustrating a
broadcast system 10 incorporating the 15 bandwidth allocation systemin
accor dance wi t hTheHaventigrispagiqulaghnanplirabletesiypamic bandyethallocagibmbised on

transm ssion systemis shown that may use frequency division multiplexing

t echni queson sbsriber bebavier id atdigith!' iBeadeast telddidia dablesysteramhaditss iditlgs t al  vi deo,
digital audio and data services (the "Customer Services") over multiple
carrier cheontext that the inverstionwill be désciited. ItsillbRappreciatsy, Ho®everpdatuhe vari ous
mul tipl exi ng techni ques to WO 01/31605 PCT/ U500/ 29747 -7

5 system and method in accordance with the invention has greater utility, such as to other

types of broadcast systems in which dynamic bandwidth allocation is desirable. In the
preferred embodiment, the invention may be implemented by one or more pieces of
hardware, such as the servers, the re-multiplexor and the service nodes, and one or
more pieces of software, such as the bandwidth manager and software in the service
10 nodes and the re-multiplexor, that are executed by the one or more pieces of hardware.
Together, the hardware and software implement the bandwidth allocation system.
Now, the bandwidth allocation system for broadcast data in accordance with the

invention will be described in more detail.

Figure 1 is a block diagram illustrating a broadcast system 10 incorporating the
15  bandwidth allocation systém in accordance with the invention. In this example, a cable
television transmission system is shown that may use frequency division multiplexing
techniques to distribute data (“Service Data™) for various digital video, digital audio
and data services (the “Customer Services”) over multiple carrier channels to

customers of the system. The system may use various multiplexing techniques to



distribute nultiple Custoner Services within each carrier channel. D gital
video Custoner Services may include digital broadcast television services,
such as a cable television network, or targeted services, such as

vi deo- on- dewvedbieuay be either constant bit rate (CBR) oecyvaiseoabise bit rate
(VBR) video streans, and may be sent 5 encrypted or unencrypted. Each
discrete digital video program including all of its audio, video and
associated data, is to be considered a single Custonmer Service. The

Transm ssion System includes Service Nodes 20 from which a conmon set of
carrier channels is sent to all custoners served by that Node, with each
custoner tuning to the carrier channel and data streans wthin that
channel needed to receive a particul a7-10 Custoner Service. In nore detail,
the system 10 may i nclude a service server portion 12, a bandw dth

al l ocation and nultipl exing system 14, a transm ssion system 16 and one or

nor e consugRfriblteamiilgle CastomB B icds Wil eadiPeartid cRERER Dipital vides Ser Vi ce
servers may receive inconming data to be transmitted via the broadcast

t em and ' : Al : Wols at i ed
Sys CLRGREMRNGR BRI Hichide fﬁa%m%cﬁgstﬂg)%zsg&v{fn édéfffl]ceg,;%fl@d’a{s% cablgat is us

to control the bandw dth”all ocatton, I T'ocation and
sl o MaROhENAE PRAMBINEE b AMASHOBEIIL gbPSed o7 L1
Ser vers. antPooBSTIRA TR PoanE 1 St R o R SYPart ¥8t ho CPES. and
communi g at eenci'}bp%edvt\)?uggc?y]ﬁ?e?i? Egcgély;qu éi%lthléwlrzdeo ingogram, inchuding all of its

audio, video and associated data, is to be considered a single Customer Service. The

Transmission System includes Service Nodes 20 from which a common set of carrier -

channels is sent to all customers served by that Node, with each customer tuning to the

carrier channel and data streams within that channel needed to receive a particular

10  Customer Service.

In more detail, the system 10 may include a service server portion 12, a
bandwidth allocation and multiplexing system 14, a transmission system 16 and one or
more consumer premises equipment (CPEs) 18. In operation, the service servers may
receive incoming data to be transmitted via the broadcast system and receive feedback

15 about the subscriber behavior that is used to control the bandwidth allocation, the
bandwidth allocation and multiplexing system 14 may dynamically allocate bandwidth
based on the subscriber behavior and generate a possible unique multiplex of signals
for each service node, the transmission system may connect the service servers and

bandwidth allocation and multiplexing systems to the CPEs and communicate the



mul ti pl exes to each service node and the CPEs nmay communi cate the signals
to the individual subscribers. In a preferred enbodi nent, the transm ssion
system 16 a terrestrial cable, a fiber optical i rel ess
cabl e or X&EéPgﬁ?ite system and the CPEs may be opticaﬁegﬁU|%§%#n or

el ectrical equipment. Each CPE 18 may include a 5 service node 20, that may
be an optical node in a preferred enbodi nent, and a coaxial cable 22
served by that optical node with the coaxial cable connecting one or nore
custoners 24 and the service node together. The service node 20 may receive
a multiplex of signals fromthe system 10 and then distribute the services
to each household. The service nodqsgay al so generate infornmation about
subscri ber behavior, 10 such as real-tinme channel tuning information, that
may be used by the bandwi dth allocation and nultiplexing systemto

al l ocate the, bandw dt h anong the Custoner Services. The service servers 12
for each Mydiplxettogachsepvdcenege andthe GEES Mgy srrpmppicate dssignals WiBs servi ce
server 30, an I P data router 32 and a digital broadcast 15 television

servi ce sindiMduabspbscribers\/Brz preferred embediment, the trapsnissionsydem 1gapyder vi ce  data
that is passed on to a re-nultiplexor 38 of the bandw dth all ocation and
mul t i pl exntagrestyiglcable,latfiten sptitabeableh@ wiredeshuable lor abdtelitnisgsiert and fie \VOD ser vi ce,
may generate bandwi dth requests that are passed onto a bandw dt h nanager
40 and mayrPEs may by eptitalquipesit i elbctriealdquipmenit BacSPE 18 emaytihdudeandw dt h
manager. The 1P router WO 01/31605 PCT/ US00129747 -9

5  service node 20, that may be an optical node in a preferred embodiment, and a coaxial

cable 22 served by that optical node with the coaxial cable connecting one or more
customers 24 and the service node together. The service node 20 may receive a
multiplex of signals from the system 10 and then distribute the services to each
household. The service node may also generate information about subscriber behavior,
10  such as real-time channel tuning information, that may be used by the bandwidth
allocation and multiplexing system to allocate the bandwidth among the Customer

Services.

The service servers 12 for each Customer Service may include a video on
demand (VOD) service server 30, an IP data router 32 and a digital broadcast
15 television service server 34. The VOD service server 30 may generate VOD service
data that is passed on to a re-multiplexor 38 of the bandwidth allocation and
multiplexing system 14 based on the bandwidth allocated to the VOD service, may
generate bandwidth requests that are passed onto a bandwidth manager 40 and may

receive a bandwidth allocation response from the bandwidth manager. The IP router



32 may receive |P data to be communi cated over the system 10, may generate-
| P service data for re-transm ssion by the re-nultiplexor 38 based on the
bandwi dth allocated to the I P service, nay generate bandw dth requests to
be sent toWM#BIENdw dt h manager 40 and nmay recei ve ban®&TEEH28T4 ocat i on
responses fromthe 5 bandwi dth manager. In addition to the VOD and | P data,
the re-multiplexor may also receive digital broadcast television streans.
The digital broadcast television service server 34 nay receive subscriber
behavi or feedback, such as optional real-tinme channel tuning information,
from each service node 20 over the transm ssion system 16. The subscri ber

behavi or data may be processed to generate information about the current 10-

bandw dt h demands of each service nod@ 20 and then may be forwarded onto
the bandw dth manager 40 that may use the feedback to dynami cally allocate
the bandw dth of the system between the various services. The bandw dth

al | ocat i on32mdy meskive [ data odesymmunicdtad ovey therspdten @0,trhay geseratedPt i pl exor 3 8
and the bandwi dt h manager 40. The bandw dt h manager 40 may 15 dynamically
al | ocat e, Berviteddta for Petrarsinssion by Wedé-fultipldxbe3Shasédon the biddevidthr | ous servi ces
based on the feedback data and the bandw dth requests fromthe service

servers angtochieg i the BRres) vl déderatd GalnBw it Riests G bd\@nf 9tha!l ti pl exor. The
re-mul tiplexor 38 may, based on the instructions fromthe bandw dth

renage OpRRSIE el i eionbonitink oy EcROE BB T X Cor
-10 5  bandwidth manager. In addition to the VOD and IP data, the re-multiplexor may also

receive digital broadcast television streams. The digital broadcast television service

server 34 may receive subscriber behavior feedback, such as optional real-time channel

tuning information, from each service node 20 over the transmission system 16. The

subscriber behavior data may be processed to generate information about the current

10 bandwidth demands of each service node 20 and then may be forwarded onto the
bandwidth manager 40 that may use the feedback to dynamically allocate the

bandwidth of the system between the various services.

The bandwidth allocation and multiplexing system 14 may include the re-
multiplexor 38 and the bandwidth manager 40. The bandwidth manager 40 may
15 dynamically allocate, in real-time, the bandwidth of the system to the various services
based on the feedback data and the bandwidth requests from the service servers and
then issue bandwidth instructions to the re-multiplexor. The re-multiplexor 38 may,
based on the instructions from the bandwidth manager, generate a multiplex of signals

for each service node 20. For example, if one service is being dropped for a



predeterm ned period of time froma particular service node, then that
service node's mnultiplex of signals will not include the dropped service.

The capabjlity for the re- multiplexor to ensure that al]l andwi dt h
Ser vi ces ‘é’ﬂ“&%éﬂ"%d to the Custoner Services are provi dé’&ngo'H%Z‘%ervi ces

through a variety of techniques, including 5 dropping data packets and
various statistical nmultiplexing techniques. The Bandw dt h Manager 40 can
dynami cally track the requests of the Custoner Services for Bandw dth
Servi ces on the Transm ssion System and can dynamically allocate Bandw dth
Servi ces anong and within carrier channels to each Custoner Service based
on the requests specified by the Cust mer Service and based on a rules 10
based Bandwi dt h Manager Deci sion. Trée. The Bandwi dt h Manager Deci sion Tree
will inplenent rules such as: 1) Reserve bandwi dth for a particular
Custoner Service permanently: 2) Reserve bandwi dth for a particul ar
Cust omer Bedgprainadgeriad effirné from aparticular segyice node, thenghanservice @pdes bandwi dt h
for a particular Customer Service until the set-top box requesting the
bandwi dt hmulipiexrof signals will not inbuile the dyeppddiselvie.f The dapabdlity tfonthe reSer vi ces i f
any Digital Video Services, such as VOD or Digital Broadcast Services,
request umltiplexbhte ehsurelthiatidihof thBAdiivaits S&rvieesTdlldeaed o3helCustorder 5) Apply a
rating systemto each type of Custoner Service, and allocate

Services are provided to the Services through a variety of techniques, including

5 dropping data packets and various statistical multiplexing techniques.

The Bandwidth Manager 40 can dynamically track the requests of the Customer
Services for Bandwidth Services on the Transmission System and can dynamically
allocate Bandwidth Services among and within carrier channels to each Customer
Service based on the requests specified by the Customer Service and based on a rules-
10  based Bandwidth Manager Decision Tree. The Bandwidth Manager Decision Tree will

implement rules such as:
1) Reserve bandwidth for a particular Customer Service permanently;

2) Reserve bandwidth for a particular Customer Service for a specific period
of time;
15 3) Reserve bandwidth for a particular Customer Service until the set-top box

requesting the bandwidth is turned off;

4) Reduce bandwidth for IP Customer Services if any Digital Video Services,

such as VOD or Digital Broadcast Services, request use of the bandwidth;



bandw dth according to the rating's system such that any Service with a
hi gher rating receives requested bandwidth if no other Service with a

hi gher rating has requested the bandwidth for the sane tine slot. 5
Bandw dt h Smoti3eees nmay al so be specified to include a nmMaPCTASRITY7Or
average bit rate. The Decision Tree may also include a rule that if no

custonmer served by a particular service node (" optical node") is tuned to

a particular digital video Customer Service, such as digital cable
tel evision networks, then that Customer Service may be significantly
degraded - or even tenporarily 10 renoved fromthe data nultiplex sent

t hrough that channel - in order to reduce the anpbunt ofbandw dth consuned -

by that Customer Service. In nore dethi-l, the Bandw dth Manager 40 is
responsi ble for providing the Service Servers 12 with information about
whi ch carrier channels can reach each Service node. The Bandw dt h Manager

al so provides t)e Abply\WirahgI9staiei i ea¢B bype oS ChSrohia B¢, imdudloadtet ers for each
channel, such as the nmaxi num average bit rate that can be guaranteed to

the Custoner Ser Vgt addiftifth Mo RtingPy Bhreithich byl il guarant ee

can be provided. The carrier annel information and’t hese paraneters

defi ne the Bandw %e@?th,\é Qc%ﬁze és?eﬁlbﬁladvﬁbth\{ﬂooéltﬂé%gﬁ/f’c Wa 29747 -12

t1ne, eac ervi ce erver my

To obtain sone ba per

rating has requested the bandwidth for the same time slot.

5 Bandwidth Services may also be specified to include a maximum and/or
average bit rate. The Decision Tree may also include a rule that if no customer
served by a particular service node (“optical node™) is tuned to a particular
digital video Customer Service, such as digital cable television networks, then
that Customer Service may be significantly degraded - or even temporarily

10 removed from the data multiplex sent through that channel — in order to reduce

the amount of bandwidth consumed by that Customer Service.

In more detail, the Bandwidth Manager 40 is responsible for providing the
Service Servers 12 with information about which carrier channels can reach each
Service node. The Bandwidth Manager also provides the Service Servers various
15 bandwidth parameters for each channel, such as the maximum average bit rate that can
be guaranteed to the Customer Service and the duration over which the bandwidth
guarantee can be provided. The carrier channel information and these parameters

define the Bandwidth Services available.

S



make a request for Bandwi dth to the bandw dth manager. The bandw dth
manager then sends an acceptance or denial nessage to Server's. request. |f
the request is accepted, the Bandw dth Manager al so sends a notice to the
Re- Mul ti pwaoxew3ieosi th 5 descriptors about the Bandwi dt h RET/USMBIMT | ocat ed
to the particular Custonmer Service. The Re-Miltiplexor uses these
descriptors and a rul es-based Re-Mil tiplexor Decision Tree to provide
Bandwi dth Services to all of the Custoner Services in each nmultiplex. Any
Custoner Service may be either a unicast node or a nulti-cast node from
the Re-multiplexor. Under a unicast node, a single stream of data packets
containing 10 the Custoner Service Data for a particular Custoner Service
is input into the Re Miultiplexor andl2s then nultiplexed onto a single

out bound carrier channel to a particular Service Node 20. Under a

mul ti-cast node, a single stream of data packets containing the Service

Data for a par Tbebtait'sofid bhusdwHdth 61 svineé Perdicd dNtidne, edchiServidesSeneer nidltl t i pl exor,
and is then nultiplexed onto nore than one outbound carrier channels. 15

For exanplnfike 8 réjubd f& Bohd $RIM 18 thethhawidt! managérd The barkdRi rhalaga¢i Si on program
could be input Iinto the Re-multiplexor, and then multiplexed onto one

carrier ¢ Qﬁeﬂggﬂdsf?ﬁ%cc%gﬁﬁé@ or QS}ELI%Fagng %’%}I’g&gég@gst? ke fe\sllg%é Ry that

Re- Mul ti pl exor. carrier anne m nmay u I Tferent
conpressi Qn tocgl s modul ation sche I referred enbodi nent, a
Mul ti-Pr og?‘?ﬁ%@’r@%@%@?&gg\?@ﬁw&%5#%83@%&5%’%&5% W3 as defined
Oy e P Fptors bob the Bandwidth Sorvires sifbcatia to the paricular Lustomes Servise o'

The Re-Multiplexor uses these descriptors and a rules-based Re-Multiplexor Decision

Tree to provide Bandwidth Services to all of the Customer Services in each multiplex.

Any Customer Service may be either a unicast mode or a multi-cast mode from

the Re-multiplexor. Under a unicast mode, a single stream of data packets containing

10  the Customer Service Data for a particular Customer Service is input into the Re-
Multiplexor and is then multiplexed onto a single outbound carrier channel to a
particular Service Node 20. Under a multi-cast mode, a single stream of data packets
containing the Service Data for a particular Customer Service is input into the Re-
Multiplexor, and is then multiplexed onto more than one outbound carrier channels.

15  For example, a single stream of data for a digital cable television program could be
input into the Re-multiplexor, and then multiplexed onto one carrier channel for every

Customer Service Node 20 served by that Re-Multiplexor.

The carrier channel of the system may use different compression protocols and

modulation schemes. In a preferred embodiment, a Multi-Program Transport Stream



channel may be nodul ated for transm ssion using Quadrature Anplitude
Modul ation (QAM . The Custoner Services provided using the system may
include Internet Protocol (IP) packets being delivered to subscriber's
cabl e nodeYEOBIAIASi ant with the 5 MCNSI DOCSI S or DVB- DAVIPETEMV274Fpdem
standards, and the IP router 32 may include a Cable Modem Term nati on
System conpliant with these standards. Now, a technique for providing a
quality of service (QS) capability in the broadcast system wll be
described in nore detail. The system 10 shown in Figure | may be further
enhanced by providing 10 additional Quality-of-Service (QS) capabilities
i n the Bandw dth Services through the follow ng techniques enployed by the-
Bandwi dt h Manager that will be descri-bbd with reference to Figures 2 and
3. In particular, a mninmm/level of bandwidth (a "Floor Level") may be
permanently reserved, or reserved for a specified period of tine, within
each carri es definadbyethe MPEG2Sransport Segam pretocal inay be el ahi eathtegpier such as
Internet 15 Protocol (IP) Custonmer Services, Digital broadcast television

Services, ohanhéllmdyiinisdalatedFor tranSissibn BsingeQiAlrdturd Asnpdinale Mdadulationh as
Custoner Services flagged as requiring QS. Using the Bandw dt h Manager

Deci si on T{QAM)!TH dididehtr SéMichOstaaaed Uiy thd dydieirRayJAC1Ead Hiethet O Cust omer

Services not protected by a Floor Level in a manner that ensures the

average aggigaal GpRARKA Slidk ddlojed HIRbIRLALEHIRhIGISSRIEAG MGOL/ 31605

PCTI US00129747 14 anmount "equal to t andw dt h™avai e on the
carrier SChm/DWC%‘I@ o}ﬁ%l:ﬂmc cable modem standards, and the IP router 32 may

include a Cable Modem Termination System compliant with these standards. Now, a
technique for providing a quality of service (QoS) capability in the broadcast system

will be described in more detail.

The system 10 shown in Figure 1 may be further enhanced by providing
10  additional Quality-of-Service (QoS) capabilities in the Bandwidth Services through the
following techniques employed by the Bandwidth Manager that will be described with
reference to Figures 2 and 3. In particular, a minimum level of bandwidth (a “Floor
Level”) may be permanently reserved, or reserved for a specified period of time, within
each carrier channel for Customer Services of a specified type, Such as Internet
15  Protocol (IP) Customer Services, Digital broadcast television Services, or for Customer

Service of a certain designation, such as Customer Services flagged as requiring QoS.

Using the Bandwidth Manager Decision Tree, the Bandwidth Manager may
allocate bandwidth to Customer Services not protected by a Floor Level in a manner

that ensures the average aggregate bandwidth they consume does not exceed the



Level, and if needed, the Re-nultiplexor may enploy a variety of digital

bit rate reduction techniques to enforce this policy. Figure 2 illustrates
an exanple of a carrier channel 60 that may include a first 5 service
floor | ev®OURAMEel 62 so that the data for that servi cPGEUININ ¥t eed t hat
bandw dt h regardl ess of what happens to the rest of the carrier channel.
Thus, the rest of the channel 64 may transmt aggregate non-protected data
of various kinds (e.g., conpressed video 1, conpressed video 2 and
conpressed video 3 in this exanple) in the unprotected channel 64. In the
exanpl e shown in Figure 2, the floor protected 10 service exceeds the floor
1evel several times, but it is always guaranteed at |east the floor |evel
of bandwi dth. The bandwi dth requiremdfits of the aggregated unprotected

data channel 64 may fluctuate for several reasons. First, the Custoner
Services that make up the data in the unprotected channel may be conposed
of var i ablamoont eqnaltte thedotali tandwidthchvailabler arcthe carsen chhnnetyminus 4&rBloarg bandwi dt h
requi renents. Second, one or 15 nore data streans in the unprotected

channel 64 evelyarddf akeged) e RetultipRxdrenayraniployd waiety dfadigel binrateandwi dt h
manager commands if no subscribers are currently wusing the particular

Cust oner Sgdﬁéﬁ@@tﬂc]ﬁi@égﬁeﬁfdrééﬂgjﬁtpbﬁéﬁs an exanple of a carrier channel 70
that may include a first floor levél 72 (for IP data in this exanple), a

second floor level 76 (for digital video WO 01/31605 PCTI USO0I 29747 -15
and audi o in t FgureX AnRhAds a8 RearAble BPERi@ chafcCotnShayifcihdbal firks avai | abl e

to the
S  service floor leve] channel 62 so that the data for that service is guaranteed that

bandwidth regardless of what happens to the rest of the carrier channel. Thus, the rest
of the channel 64 may transmit aggregate non-protected data of various kinds (e.g.,
compressed video 1, compressed video 2 and compressed video 3 in this example) in
the unprotected channel 64. In the example shown in Figure 2, the floor protected

10 service exceeds the floor level several times, but it is always guaranteed at least the
floor level of bandwidth. The bandwidth requirements of the aggregated unprotected
data channel 64 may fluctuate for several reasons. First, the Customer Services that
make up the data in the unprotected channel may be composed of variable bit rate
digital video streams resulting in varying bandwidth requirements. Second, one or

15  more data streams in the unprotected channel 64 may be degraded by the re-
multiplexor based on bandwidth manager commands if no subscribers are currently

using the particular Customer Service.

Figure 3 illustrates an example of a carrier channel 70 that may include a first

floor level 72 (for IP data in this example), a second floor level 76 (for digital video



Customer Services carried in both the first floor level 72 and the second
floor level 76. Thus, in accordance with the invention, one or nore

addi tional Floor Levels may be created and adm nistered by the Bandw dth
Manager wi (W@ #/3360§i ven carrier channel 5 Through the useP&F/USVESMTI guration
tool in the bandw dth manager, the one or nore Floor Level(s) may be
configured to rise or fall to different |evels based on tine-of- day, past
or current usage levels. In accordance with the invention, the system may
provide Quality-of-Service (QS) to digital video Custoner Services that
have been degraded or elimnated froma 10 nultiplex when no custoner CPE
is tuned to that Custoner Service using various techni ques enployed by the -
Bandw dt h Manager. These techni ques i*ktlude: 1) The Ring Buffer; 2) The

| - Frane Carousel; 3) The Floor Level Protection System and 4)

Headend- Based MPEG Splicing. Ring Buffer Technique. In particular, for
MPEG 2 di giabdudly inabis axampie) land arsunprotectés dBamebirethatieawsilatde tathat have been
elimnated entirely fromthe multiplex, a Ring Buffer of that Custoner
Service's QGabtomerSdrviceskari?y i bath the Girst fleoclewd V2 ahd theiseotidflsbelevel 76.t he Ri ng
Buffer is a continuous streamof all of the data needed by a real tine

di gi tal vi OfsGHaéRfRhceWRNE Rivertoh ordelt? nfdfd AdRhdl Fldok LeRs my bdie Re WO
01/ 31605 PCT/ US00/ 29747 -16 Multi pl exor's random access nenory (RAM,
which is tBRaREYN &ﬁ&in'?@%ﬁ g?fthgtﬁhﬁd@tﬂféﬁ mnagerT»b@%iﬂhgivEﬁLarne&ﬁmm a of this

stored streamis conpose sl ng "Group
5  Through the use of a configuration tool in the bandwidth manager, the one or more

Floor Level(s) may be configured to rise or fall to different levels based on time-of-

day, past or current usage levels.

In accordance with the invention, the system may provide Quality-of-Service
(QoS) to digital video Customer Services that have been degraded or eliminated from a
10  multiplex when no customer CPE is tuned to that Customer Service using various
techniques employed by the Bandwidth Manager. These techniques include: 1) The
Ring Buffer; 2) The I-Frame Carousel; 3) The Floor Level Protection System; and 4)

Headend-Based MPEG Splicing.

Ring Buffer Technique, In particular, for MPEG-2 digital broadcast television
15  Customer Services that have been eliminated entirely from the multiplex, a Ring

Buffer of that Customer Service’s data in the Re-multiplexor is created.

In more detail, the Ring Buffer is a continuous stream of all of the data needed

by a real time digital video Customer Service, with the data being stored in the Re-



Pictures” (GOP) as defined by the MPEG 2 specification. Each GOP begins

with an "I franme". In order to maintain the current data for the real time
streamin the buffer, the 5 stored GOP is deleted and repl ﬂ’é’% the |
frame for MBIt GOP as soon as that | frane has ent 3’%@8&?
Re-Mul ti pl exor. The Re-Miltiplexor continues to fill the Ring Buffer with

other franmes in that GOP as they are received by the Re-Miltiplexor, until
the entire GOP is replaced by the next |I frame. The buffer is thus conposed
at any given tinme by either a partial or whole GOP. 10 The Dynamc

Bandw dt h Manger may then either maintain this Ring Buffer for each
digital broadcast television Custoner_Service at all tinmes, or create and
maintain it only at the tine it det®%7ri nes that no customer CPE devices
are tuned to that Custoner Service. Wen the Bandw dt h Manager determ nes
that a custonmer CPE device has tuned to a digital broadcast television
Cust omer d@ltiplexor s mandom:pscese memory @AM, Fhich ds the phiysicakhast efitbeufter.on
multiplex, it locates the partial or whole GOP in the buffer, adds it to

t he nul ti pTedigiahvdeddata ofithis stbessl strkdm ssidomposed of a 808k “Goouptdfat Cust oner
Service in the multiplex as long as at |east one custoner CPE remains tuned
to the CuPicures” (GOPYacdefinddibysthea MPEGH2 Bpetifithtion Bach BOPIighig with an IRt ency”
experienced by custoners who tune to a Custoner Service not currently

i ncl uded iffanieh einlord¥PtdrhaBkbiie Chriént /SR fof theddal timb strbard REiRE BEEfRtherul ti pl ex
because of the nature of the MPEG 2 conpression standard. According to
this skandaidyGOPR deffellalif reptio¥d Gfthe T fifme fdr e ARFEOB o S5 that £2N ONlY

frame has entered the Re-Multiplexor. The Re-Multiplexor continues to fill the Ring

Buffer with other frames in that GOP as they are received by the Re-Multiplexor, until

the entire GOP is replaced by the next I frame. The buffer is thus composed at any

given time by either a partial or whole GOP.

10 The Dynamic Bandwidth Manger may then either maintain this Ring Buffer for
each digital broadcast television Customer Service at all times, or create and maintain
it only at the time it determines that no customer CPE devices are tuned to that
Customer Service. When the Bandwidth Manager determines that a customer CPE
device has tuned to a digital broadcast television Customer Service that has been

15 eliminated from its transmission multiplex, it locates the partial or whole GOP in the
buffer, adds it to the multiplex, and then includes all subsequent GOPs for that
Customer Service in the multiplex as long as at least one customer CPE remains tuned
to the Customer Service. This approach minimizes the delay or “latency” experienced

by customers who tune to a Customer Service not currently included in their



begin decoding a streamusing an | frane. O her franme types within a GOP,
such a B and P frames, cannot be used to begin the decodi ng process.
Therefore, if, at the time a 5 decoder attenpts to begin decoding a stream
the first Woanmiens receives is not an | frame, it nust \eaETUSew747
receiving the | frame before beginning to decode the video. Most of the
MPEG 2 encoders now in use generate only one I-frame every .5 seconds.
Therefore, without use of the Ring Buffer as described herein, a decoder
attenpting to decoder an MPEG 2 video streamthat has been added to a

mul tiplex mght need to 10 wait up to .5 seconds after it has found the
stream before the decoding could comence. The Ring Buffer elimnates this-
delay since it supplies the MPEG 2 dEkoder with the I-franme i nmedi ately.
This approach will be feasible in situations where the return path | atency
from the custoner CPE to the Bandw dth Manager is relatively low. 1In such

si t uat i onstradshfissichmitBgle:cBRaise ofifhd nithife il MFBG-SompréssioR s@lidardit 0 i ts

mul tiplex will be received quickly enough to enable an acceptabl e total

del ay bet W@&r&iﬂét&ﬁﬁ%ﬁh@ﬁ%mm deVAte, §.€.Sthk MPEG-9\deSIdel cahig he time it
is presented on-screen. |-Frame Carousel. For an MPEG 2 digital broadcast

o oL, o Rhe S S s SRRSO el
VRIS St g, SPhBb PEPhpShh P B  B ,, 2
as a” Sg . (liecoder attempts to begin decoding a stream, the first frame it receives is not an I
frame, it must wait until receiving the I frame before beginning to decode the video.
Most of the MPEG-2 encoders now in use generate only one I-frame every .5 seconds.
Therefore, without use of the Ring Buffer as described herein, a decoder attempting to
decoder an MPEG-2 video stream that has been added to a multiplex might need to

10 wait up to .5 seconds after it has found the stream before the decoding could

commence. The Ring Buffer eliminates this delay since it supplies the MPEG-2

decoder with the I-frame immediately.

This approach will be feasible in situations where the return path latency from

the customer CPE to the Bandwidth Manager is relatively low. In such situations, the

15  message to add the Customer Service back into its multiplex will be received quickly
enough to enable an acceptable total delay between the time the Customer Service is

requested and the time it is presented on-screen.

I-Frame Carousel. For an MPEG-2 digital broadcast television Customer

Service that has been degraded but not eliminated entirely from the multiplex, the



frame" if a custoner tunes to the Customer Service. The MPEG 2 decoder in
the custoner CPE can maintain the still frame on the tel evision screen
while the necessary 5 additional data is added to the nmultiplex to deliver
the ful |l WPAY368ervice. If the Transmi ssion Systemis EﬁﬁF§VWHa"the MPEG- 2
vi deo encodi ng standard, this technique described i nmedi ately above can be
acconplished by including at | east one | frame per second for each digital
video streamin every carrier channel multiplex. This approach will be
feasible in situations where the return path latency fromthe 10 custoner
CPE to the Bandw dth Manager is relatively high. In such situations, the
still franme indicates that the requested digital video Custoner Service
will soon be available. The Floor L-:&%el Protection System The systemin
accordance with the invention may be further enhanced to allow the digital
video, digital audio and data 15 Custoner Services delivered by the

Tr ansm ss BamdvBgdthtManager dap ensutecthattsefficnodutp is hatainekinithermyltiplenatall i n a nanner

t hat enables the Floor Level (See Figures 2 and 3) to be maintained with a

m ni mal i EpRsto MiketitysosEPIe tofapidhededivirast labtaheofiver videdr fiunees artetill prot ect ed by
the floor level. This can be achieved by allocating the digital video and

di 9! t al a%@in_@” FUThROBEr t6ds b R TuSBiePSGbies t et MYEG%eEJJ&?!InthSVm to the
various carrier WO 01/31605 PCT/ USQQ 29747 -19 channels in a nmanner that

o, A Y A U e Sl 11
5 additional data is added to the mulitiplex to deliver the full video service. If the
Transmission System is employing the MPEG-2 video encoding standard, this
technique described immediately above can be accomplished by including at least one
I frame per second for each digital video stream in every carrier channel multiplex.
This approach will be feasible in situations where the return path latency from the
10 customer CPE to the Bandwidth Manager is relatively high. In such situations, the still

frame indicates that the requested digital video Customer Service will soon be

available.

* The Floor Level Protection System, The system in accordance with the

invention may be further enhanced to allow the digital video, digital audio and data
15  Customer Services delivered by the Transmission System to be allocated among the
carrier channels in a manner that enables the Floor Level (See Figures 2 and 3) to be
maintained with a minimal impact on the QoS of the other Customer Services not
protected by the floor level. This can be achieved by allocating the digital video and

digital andio Customer Services not protected by the Floor Level to the various carrier



(e.g., to ensure that the digital video and digital audio has sufficient
bandwi dth even though it is not protected). 5 CPE-Specific PMIs and

Uni cast Delivery. In a typical MPEG 2 digital video system each Multiple
Proogram Tr a‘ﬁ?ﬁﬁlﬁ"sst ream (MPTS) nultiplex contains nulti REUSVEFTam
streans, and all such streans area available to all CPE authorized to
receive them The nmultiplexer conmunicates the identity and constituent

el enentary conponents of these streans through the use of MPEG 2 tables
call ed PATs and 10 PMIs. The nultipl exer creates the PATs and PMIs for
each multiplex, and then inserts theminto the MPTS packet stream The CPE
uses the PATs and PMIs and its Virtual Channel Map (VCM to | ocate the
data needed for a particular program'slP‘ream Typi cal ly, when a new program
streamis added to a nultiplex, or an existing stream is deleted fromthe
mul tiplex, the multiplexer nust create new PATs and PMIs to 15 reflect the
new i nf or nechpengls i h mapnanthat ensuree theirtaperagecgeegaie hit mATwithin ¢aghidiignnehn add to
the | atency experienced by the end user. The systemin accordance with the
i nvent i on ndwgs i exerbdithe ¢alalbandiadihcapacity oSthébianne] tnfinus the Blowekevalul ti pl ex to a
particular CPE rather than to a particul ar program service. \Wen the CPE

requests a (8gWwtdxnege it the digitaleviddouad dipitall dutlio/bax ifficiént aindWiGthleddn br oadcast
tel evision service server All WD 01131605 PCT/ USOQ 29747 -20 34, repl aces

the data fqhodgh§t iPRGtPraeBeeyr Vi ce then being sent to the CPE with the data

5 CPE-Specific PMTs and Unicast Delivery. In a typical MPEG-2 digital video
system, each Multiple Program Transport Stream (MPTS) multiplex contains multiple
program streams, and all such streams area available to all CPE authorized to receive
them. The multiplexer communicates the identity and constituent elementary
components of these streams through the use of MPEG-2 tables called PATs and

10 PMTs. The multiplexer creates the PATs and PMTs for each multiplex, and then
inserts them into the MPTS packet stream. The CPE uses the PATs and PMTs and its
Virtual Channel Map (VCM) to locate the data needed for a particular program stream.

Typically, when a new program stream is added to a multiplex, or an existing stream
is deleted from the multiplex, the multiplexer must create new PATs and PMTs to

15  reflect the new information. The time and need to create new PATs and PMTs can add
to the latency experienced by the end-user. The system in accordance with the
invention may be enhanced by dedicating a PMT within a given multiplex to a
particular CPE rather than to a particular program service. When the CPE requests a

new program service, the remultiplexer 38 or digital broadcast television service server



for requested program service, including through use of the Ri ng Buffer
techni que described herein. The identity nunber of the program service in
the PAT, and the identities of its digital video, digital audio and

di gital damoniBesesnentary streans” do not 5 change, ther AGI/EBIY2NI4 g t he

| at ency i nduced by creating new PATs and PMIs. Wile the foregoing has
been with reference to a particular enbodi nent of the invention, it wll
‘be appreciated by those skilled in the art that changes in this enbodi nent
may be nmade without departing fromthe principles and spirit of the
invention as defined by the attached cl ains. WO 01! 31605 PCT/ US00129747
~21- CLAIMS 1 1. A systemfor dynamcally allocating bandw dth between one
or nore 2 custoner services to provi2le a switched data network for
broadcast data, conprising: 3 one or nore different custoner service
provi ders that each provide different 4 data to one or nore custoners; 5

one or nori, fplhavdstRe dRARS thePRIgRint s@AcEHhEL i RnOARSCPE WithdRsdatiat a t o one
or 6 nore custoners and each service node receives a unique multiplex of

di gi tal daberolired frdstan SRt RN Ring Hidudh o Sy 18 Ry BARG Whtilel | ocat i on

nodul e for allocating the ban system between the one or

mor e di ffede?&%fﬁiéﬁgg.% %?%ﬁ{gﬁﬁmggt%ﬂlggfogﬁsmg @Nfie PAT LTy © service

nodes whereiln ssi gned custonmer setvice provider
identities of its digital video, digital audio and digital data “elementary streams” do not

5  change, thereby avoiding the latency induced by creating new PATs and PMTs.

While the foregoing has been with reference to a particular embodiment of the
invention, it will be appreciated by those skilled in the art that chahges in this
embodiment may be made without departing from the principles and spirit of the

invention as defined by the attached claims.



11 for each service node is dynam cally adjustable based on the usage of
the services by 12 the custoners and the bandw dth requests of each
service providers. 1 2. The systemof Claim1, wherein the dynam c
bandw dt h a0 egaesson 2 nodul e further conprises a bandw #CH/USeN2ABIr t hat
recei ves bandwi dth requests from 3 the one or nore custoner service

provi ders and assigns bandwi dth to each of the 4 custoner service prOV|ders
for each service node and a renultipl exer nodul e, based on *
1111111211212112111 s 111111 :11i WO 01/31605 PCTI US00/ 29747 -22 5 the
bandw dt h al |l ocation decisions of the bandw dth manager, that generates the
digital 6 data nmultiplex for each service node based on the bandw dth
allocations. 1 3. The system of C ai iR, wherein the custoner services
conprise one or 2 nore of video on demand, | P data and broadcast data. 1
4. The systemof Caim3, wherein each service node further conprises a 2
cable nodemterm nation so that cable nodem | P data is included in a
multiplex to a CRAIMBvi ce node. 1 5. The systemof Caim2, wherein the
bandw dt h manager further 2 conprises a decision tree having one or nore
rules for determning the allocation of 3 the bandw dth for each service
node. 1 1. A system for dynamically allocating bandwidth between one or more

2 customer services to provide a switched data network for broadcast data, comprising:

3 one or more different customer service providers that each provide different

4  data to one or more customers;

5 one or more service nodes wherein each service nodes provides data to one or
6  more customers and each service node receives a unique multiplex of digital data for

7  its customers; and

8 a dynamic bandwidth allocation module for allocating the bandwidth of the

9  system between the one or more different customer service providers to the one or
10  more service nodes wherein the i)andwidth assigned to each customer service provider
11 for each service node is dynamically adjustable based on the usage of the services by

12 the customers and the bandwidth requests of each service providers.

1 2. The system of Claim 1, wherein the dynamic bandwidth allocation
2 module further comprises a bandwidth manager that receives bandwidth requests from
3 the one or more customer service providers and assigns bandwidth to each of the

4  customer service providers for each service node and a remultiplexer module, based on



1 6. The systemof Claimb5, wherein the bandwi dth allocation rules further
2 conprise, for each service node, if no custoner is using a particular
custoner service, 3 then degrading the bandw dth allocated to that
customer WOMNBKE 1 7. The systemof Caim1, wherein t REVHSMWE4It n
al l ocation conprises one 2 or nore of permanent bandw dth allocation,
period of time bandwi dth allocation and as 3 avail able bandw dth
allocation. 111112112 1 1L 11EjpE HEHE HIT Ns W 01131605 PCT/ USOQO 29747
-23 1 8. The systemof Claim7, wherein the bandwi dth allocation to each 2
custoner service further conprises a maxi numbitrate and an average
bitrate. 1 9. The systemof Caim1, wherein the renultiplexer further
conprises 2 nmeans for dropping a co&toner service provi der fromthe
multiplex for a particular 3 service node. 1 10. The systemof Claim?9,
wherein the dropping neans further conprises a 2 ring buffer for adding
t he dr &ppthe bandyridihailocatiow derisiang ok the rendwitith managar that,gengratas Be digitabrum
| atency. 1 11. The system of Caim 10, wherein the ring buffer further
conpr i 6es daa ndltigREGorgach gervite mode based on dleriaadwidticpllntatiosast one | frame so
that the custonmer service is 3 reintroduced into the nultiplex with
m ni mal | atency.

1 3. The system of Claim 2, wherein the customer services comprise one or

2  more of video on demand, IP data and broadcast data.

1 4, The system of Claim 3, wherein each service node further comprises a
2 cable modem termination so that cable modem IP data is included in a multiplex to a

3  service node.

1 s. The system of Claim 2, wherein the bandwidth manager further
2  comprises a decision tree having one or more rules for determining the allocation of

3  the bandwidth for each service node.

1 6. The system of Claim 5, wherein the bandwidth allocation rules further
2 comprise, for each service node, if no customer is using a particular customer service,

3 then degrading the bandwidth allocated to that customer service,

1 7. The system of Claim 1, wherein the bandwidth allocation comprises one
2 or more of permanent bandwidth allocation, period of time bandwidth allocation and as

3 available bandwidth allocation.

U



1 12. The systemof Caim2, wherein the bandw dth manager further 2
conpri ses neans for assigning a quality of service to one or nore ofthe
custoner 3 services based on the bandwi dth requests fromthe custoner
service pr¥AMBt®¥S 1 13. The systemof O aim 12, wherei nPEHESMAMTty of
service assigner further 2 conprises neans for allocating a m ni num
guar anteed bandwi dth for a particular 3 custoner service. 11111111111111
- 11111111121111 ms *I1 WO 01/ 31605 PCT/ US00/ 29747 -24 1 14. The
system of Claim 12, wherein the quality of service assigner further 2
conprises neans for allocating m ninmum bandw dt hs sinultaneously to
multiple 3 custoner services. 1 15. The systemof Caim 12, wherein the
qual ity of service assigner further <23-conprises means for assigning a
vari abl e m ni rum bandwi dth to one or nore 3 custoner services. 1 16. The
system of Cl aim 15, wherein the variable m ni nrum bandw dth 2 conprises one
or nore of a tinme of day adjustable bandw dth allocation and a usage 3
| evel adj ust abl 8 barBwissistemaf Clam (/] wherein thebandpridthailgeation tf eath ai m 12,
wherein the quality of service assigner further

2 customer service further comprises a maximum bitrate and an average bitrate.

1 9. The system of Claim 1, wherein the remultiplexer further comprises
2 means for dropping a customer service provider from the multiplex for a particular

3  service node.

1 10.  The system of Claim 9, wherein the dropping means further comprises a
2  ring buffer for adding the dropped customer service back into the multiplex with

3  minimum latency.

1 11.  The system of Claim 10, wherein the ring buffer further comprises an
2 MPEG group of pictures containing at least one I-frame so that the customer service is

3  reintroduced into the multiplex with minimal latency.

1 12.  The system of Claim 2, wherein the bandwidth manager further
2  comprises means for assigning a quality of service to one or more of the customer

3 services based on the bandwidth requests from the customer service providers.

1 13.  The system of Claim 12, wherein the quality of service assigner further
2  comprises means for allocating a minimum guaranteed bandwidth for a particular

3  customer service.



2 conprises neans for assigning a quality of service to customer services
that have been 3 degraded or elimnated froma nultiplex. 1 18. The system
of Claim17, wherein the quality of service assigner further 2 conprises a
ri ng buf f %0 §16160fai nt ai ni ng a conti nuous | oop of data t PEHUNYPER o
reinsert 3 the degraded or elimnated custoner service with m ninmal
latency. ~ LILELELILQi/il 1 === == = = —-o = = % LD LLELETETTITT WO

01/ 31605 PCT/ US00/ 29747 -25 1 19. The systemof Claim 17, wherein the
quality of service assigner further 2 conprises a |I-frane carousel for

mai ntaining at least an I-frame of the data of the 3 custoner service to
Testart the custoner service with mnimal |atency. 1 20. The system of
Claim2, wherein the renultiplexer ft¥ther conprises 2 neans for assigning
a program mapping table to each consuner prem ses equipnent. 1 21. A

met hod for dynam cally allocating bandw dth between one or nore 2 custoner
services to provide a switched data network for broadcast data, the one or
3 nore Wi fferend. cuThosmptensaitlaioel2) wheicthcths quadighofjsemvice dssagpedfufther ent dat a
to one or nore 4 service nodes, the one or nore service nodes providing

dat a t @ on@nipkisesmicansios kiddtatise mmifing basdFidthe sinulttncoade to meldpées a uni que
multiplex of digital data for its custoners, 6 conprising: 7 allocating the
bandw df h @ktolnBEsepisksem bet ween the one or nore different

1 15.  The system of Claim 12, wherein the quality of service assigner further

2 comprises means for assigning a variable minimum bandwidth to one or more

3  customer services.

1 16.  The system of Claim 15, wherein the variable minimum bandwidth
2 comprises one or more of a time of day adjustable bandwidth allocation and a usage

3 level adjustable bandwidth allocation.

| 17.  The system of Claim 12, wherein the quality of service assigner further
2 comprises means for assigning a quality of service to customer services that have been

3  degraded or eliminated from a multiplex.

1 18.  The system of Claim 17, wherein the quality of service assigner further
2 comprises a ring buffer for maintaining a continuous loop of data to be able to reinsert

3 the degraded or eliminated customer service with minimal latency.
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8 customer service providers to the one or nore service nodes wherein the
bandwi dth 9 assigned to each custoner service provider for each service
node is dynam cally 10 adjustabl e based on the usage of the services by the
cust oners ¥AMBHES pandwi dth 11 requests of each servi cePRFENEEHE. 1 22,
The nethod of C aim 21, wherein the dynam c bandwi dth allocation 2 further
conpri ses nmanagi ng the bandwidth to the one or nore custonmer services with
111111121121 ,-__ * C11111211211112121111 ~S* WD 01131605 PCT/ US00/ 29747
-26 3 a bandwi dt h manager that receives bandw dth requests fromthe one or
nore customer 4 service providers and assigns bandwi dth to each of the
custoner service providers for 5 each_service node and generating .
mul ti pl exes, based on the bandw dth ak¥ocation 6 decisions of the bandwidth
manager, that generates the digital data multiplex for each 7 service node
based on the bandw dth allocations. 1 23. The nethod of C aim 22, wherein
t he bandw dth managenent further 2 conprises using a decision tree having
one or Aore rul & f oFhediystem of Glaim 17.tvehezgin e gualisy of grdge assigney Anthar dt h f or
each service node. 1 24. The nethod of C aim 23, wherein the bandw dth
al | ocat Ron comprises & IHfiame caroseLfonmainténing aieastant-frmredifthe datackf thed f no cust oner
IS using a particul ar custoner service, "

3 customer service to restart the customer service with minimal latency.

1 20.  The system of Claim 2, wherein the remultiplexer further comprises

2  means for assigning a program mapping table to each consumer premises equipment.

1 21. A method for dynamically allocating bandwidth between one or more

2 customer services to provide a switched data network for broadcast data, the one or

3 more different customer service providers each providing different data to one or more
4  service nodes, the one or more service nodes providing data to one or more customers
5 and each service node receives a unique multiplex of digital data for its customers,

6 comprising:

7 allocating the bandwidth of the system between the one or more different
8 customer service providers to the one or more service nodes wherein the bandwidth
9  assigned to each customer service provider for each service node is dynamically

10  adjustable based on the usage of the services by the customers and the bandwidth

11 requests of each service providers.

1 22.  The method of Claim 21, wherein the dynamic bandwidth allocation

2 further comprises managing the bandwidth to the one or more customer services with

g
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3 then degrading the bandwi dth allocated to that custoner service, 1 25.
The nmethod of Claim21, wherein the bandw dth allocation conprises 2 one
or nore of permanent bandwi dth all ocation, period of time bandw dth

al | ocati owo®/d6m8 as avail abl e bandw dth allocation. 1 28CT/U3082%M1 hod of
Claim 25, wherein the bandw dth allocation to each 2 custoner service
further conprises a maxi mumbitrate and an average bitrate. 11111111111111
WO 01/ 31605 PCT/ US00/ 29747 -27 1 27. The nethod of C aim 21, wherein
generating the nultiplexes further 2 conprises dropping a customer service
provider fromthe nultiplex for a particular 3 service node. 1 28. The

nmet hod of Claim 27, wherein the dropping further conprises using 2 a ring
buffer for adding the dropped custonme26-service back into the nmultiplex with
3 mninumlatency. 1 29. The nethod of Claim 28, wherein the ring buffer
further conprises 2 generating a |oop of MPEG group of pictures containing

at | east odkandwidtidi@ndger thitqeceive®bandwidih tiEts i tHe@Re bSmbRI diktoadiiced i nto
the nultiplex with minimal latency. 1 30. The nethod of C aim 22, wherein

the bangwi Q&ﬁcéﬁ@ﬁﬂ&é‘%asél s'taRkwidth t6 R Jf HRTuRSMERVIE ol iy Of

service to one or nore of the custoner services based on the bandw dth

requests f éagﬁ'}érme ﬁ&&%ﬂﬁm&ﬁﬁl\élxﬁﬁuﬁgfe\ﬁ ﬂ%dson the bandwidth allocation

6 decisions of the bandwidth manager, that generates the digital data multiplex for each

7  service node based on the bandwidth allocations.

1 23.  The method of Claim 22, wherein the bandwidth management further
2 comprises using a decision tree having one or more rules for determining the allocation

3  of the bandwidth for each service node,

1 24,  The method of Claim 23, wherein the bandwidth allocation rules further
2 comprise, for each service node, if no customer is using a particular customer service,

3  then degrading the bandwidth allocated to that customer service,

1 25.  The method of Claim 21, wherein the bandwidth allocation comprises
2 one or more of permanent bandwidth allocation, period of time bandwidth allocation

3  and as available bandwidth allocation.

1 26.  The method of Claim 25, wherein the bandwidth allocation to each

2 customer service further comprises a maximum bitrate and an average bitrate.

llll/ll/ll/lllllll/lllllllllllm_



1 31. The nmethod of C aim 30, wherein the quality of service assignnment 2
further conprises allocating a m nimum guaranteed bandwi dth for a
particular 3 custoner service. [LIELEEEEEEEEEEET 111111211 WO 01/ 31605
PCT/ US00/ 299418316028 1 32. The method of O aim 30, wherei PCH¥ROVEIH ity of
service assignnent 2 further conprises allocating m ni mum bandw dt hs

simul taneously to rmultiple 3 custoner services. 1 33. The nethod of Caim
30, wherein the quality of service assignnent 2 further conprises assigning:
a variable m ni mum bandwi dth to one or nore customer 3 services. 1 34. The
met hod of Claim 33, wherein the variable m ni mum bandwi dth 2 conprises one
or nore of a tinme of day adjustable bandw dth allocation and a usage 3

| evel adjustable bandw dth allocati or?’-1 35. The method of C ai m 30,
wherein the quality of service assignment 2 further conprises assigning a
quality of service to custoner services that have been 3 degraded or

eli mnated froma rrultlpl ex. 1 36. The nethod of C aim 35, wherein the

qual i tylof servi%e W#C@Imaﬂtmememﬁhgaﬁmmmlamﬁrrglea | oop of

data in aring buffer to be able to reinsert the
2  comprises dropping a customer service provider from the multiplex for a particular

3  service node.

1 28.  The method of Claim 27, wherein the dropping further comprises using
2  aring buffer for adding the dropped customer service back into the multiplex with

3  minimum latency.

1 29.  The method of Claim 28, wherein the ring buffer further comprises
2  generating a loop of MPEG group of pictures containing at least one I-frame so that the

3  customer service is reintroduced into the multiplex with minimal latency.

1 30.  The method of Claim 22, wherein the bandwidth management further
2  comprises assigning a quality of service to one or more of the customer services based

3  on the bandwidth requests from the customer service providers.

1 31.  The method of Claim 30, wherein the quality of service assignment
2 further comprises allocating a minimum guaranteed bandwidth for a particular

3 customer service.



3 degraded or elimnated custonmer service with mnimal |atency.

1111112172222 0 1 1 1 2122111 i i i WD 01/31605 PCT/ US00/ 29747 -29 1 37.
The nethod of Claim 35, wherein the quality of service assignnent 2 further
conpri ses WRIRMSning at least an I-frame in an 1-frane 081741 o restart

the 3 custonmer service with mnimal |latency. 1 38. The nethod of C aim 22,
wherein generating the nultiplexes further 2 conprises assigning a program
mappi ng table to each consunmer prem ses equipnment. 1 39. A dynam c
bandw dt h al |l ocati on device, conprising: 2 a dynam c bandw dth all ocat or
that allocates the bandw dth of a system 3 between one or nore different
custoner service providers to one or nore service nodes 4 wherein the
bandw dt h assigned to each custoner 28 vi ce provi der for each service 5
node is dynam cally adjustable based on the usage of the services by the
custoners and 6 the bandw dth requests of each service providers; 7 the
dynam c. bandwi dt h al | ocator further conprising a bandw dth manager that 8
recei vés bandwiddt h ABgmsthod of Claim 8P evhsrrin the duEity OESeEiesAspigBBERE ce provi der s
and 9 assigns bandwi dth to each of the custoner service providers for each
ser vi ce noighereompriges allocsting minirivem dandwidth simuliancously) te muléipleandwi dt h

all ocation decisions of the bandwidth 11 nmanager, that generates the

di gi t al3 datustomet ¢eryitesx for each service node based on the 12 bandwi dth

al | ocati ons.

1 33.  The method of Claim 30, wherein the quality of service assignment
2  further comprises assigning a variable minimum bandwidth to one or more customer

3  services.

1 34. The method of Claim 33, wherein the variable minimum bandwidth
2 comprises one or more of a time of day adjustable bandwidth allocation and a usage

3 level adjustable bandwidth allocation.

1 35.  The method of Claim 30, wherein the quality of service assignment
2 further comprises assigning a quality of service to customer services that have been

3 degraded or eliminated from a multiplex.

1 36.  The method of Claim 35, wherein the quality of service assignment
2  further comprises maintaining a loop of data in a ring buffer to be able to reinsert the

3 degraded or eliminated customer service with minimal latency.
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111121112121212 ML VLT 11 1111 WO 01/ 31505 PCTNS00/ 29747 -30 1 40. The
device of Claim39, wherein the custoner services conprise one or 2 nore
of video on demand, | P data and broadcast data. 1 41. The device of Claim
39, wherei watigidadndw dt h manager further 2 conprises a HBET/USI29747T ee
having one or nore rules for determning the allocation of 3 the bandw dth
for each service node. 1 42. The device of Claim4l, wherein the bandw dth
allocation rules further 2 conprise, for each service node, if no custoner’
is using a particular custoner service, 3 then degrading the bandw dth

all ocated to that customer service. 1 43. The device of O aim 39, wherein
the bandw dth all ocation conprises 2 one or nore of pernmanent bandw dth

al l ocation, period of tinme bandw dt h-294 ocation 3 and as avail abl e

bandwi dth allocation. 1 44. The device of Caim43, wherein the bandw dth
allocation to each 2 custoner service further conprises a maximumbitrate
and an average bitrate. 1 45. The device of Caim 39, wherein the

remul tipl exer fB87.t heTheanethod (felaim?3 Spwhdreinftiey qualityfserviceassigaimenter servi ce
provider fromthe nultiplex for a particular 3 service node. ...........

I 11 121 lfurthet cdnhpkibdd mdihthibing dt least an I-frame in an I-frame carousel to restart the

3 customer service with minimal latency.

1 38.  The method of Claim 22, wherein generating the multiplexes further

2 comprises assigning a program mapping table to each consumer premises equipment.
1 39. A dynamic bandwidth allocation device, comprising:

2 a dynamic bandwidth allocator that allocates the bandwidth of a system

3 between one or more different customer service providers to one or more service nodes
4  wherein the bandwidth assigned to each customer service provider for each service

5 node is dynamically adjustable based on the usage of the services by the customers and

6 the bandwidth requests of each service providers;

7 the dynamic bandwidth allocator further comprising a bandwidth manager that

8 receives bandwidth requests from the one or more customer service providers and

9  assigns bandwidth to each of the customer service providers for each service node and
10  aremultiplexer module, based on the bandwidth allocation decisions of the bandwidth
11  manager, that generates the digital data multiplex for each service node based on the

12  bandwidth allocations.
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c ~ M1111111 WO 01/31605 PCT/ USOQ 29747 -31 1 46. The device of C aim 45,
wherein the dropping neans further conprises 2 a ring buffer for adding

t he dropp C mer service back into the nmultiplex wt L O3 m
Hodiils Ledb g

| at ency. e device of Caim46, wherein the ring bl urt her
conprises an 2 MPEG group of pictures containing at |east one 1l-frane so
that the custoner service is 3 reintroduced into the multiplex with
mnimal |atency. 1 48. The device of Caim 39, wherein the bandw dth
manager further 2 conprises means for assigning a quality of service to one
or nore of the customer 3 services based on the bandw dth requests from
the custoner service providers. 1 49.3 The device of Claim48, wherein the
quality of service assigner further '9’conprises nmeans for allocating a

m ni mum guar ant eed bandwi dth for a particular 3 custoner service. 1 50. The
device of Claim48, wherein the quality of service assigner further 2

conpriges neans.for, al |l ocati.ng.m_ni num.bandw dt hs si.nul taneously to
ol 1 pilo- 3" Cas #ir TERIGHeeat Chim39) PR Ria Qisometspivitet samppone by

2 more of video on demand, IP data and broadcast data.

1 41.  The device of Claim 39, wherein the bandwidth manager further

2 comprises a decision tree having one or more rules for determining the allocation of

3  the bandwidth for each service node.

1 42.  The device of Claim 41, wherein the bandwidth allocation rules further
2 comprise, for each service node, if no customer is using a particular customer service,

3  then degrading the bandwidth allocated to that customer service.

1 43.  The device of Claim 39, wherein the bandwidth allocation comprises
2  one or more of permanent bandwidth allocation, period of time bandwidth allocation

3 and as available bandwidth allocation.

1 44.  The device of Claim 43, wherein the bandwidth allocation to each

2 customer service further comprises a maximum bitrate and an average bitrate.

1 45.  The device of Claim 39, wherein the remultiplexer further comprises
2  means for dropping a customer service provider from the multiplex for a particular

3 service node.
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WO OU31605 PCT/ USOOI 29747 -32 1 51. The device of Claim48, wherein the
quality of service assigner further 2 conprises neans for assigning a
vari abl e m ni rum bandwi dth to one or nore 3 custoner services. 1 52. The
devi ce of @oaiiids, wherein the variable m ni num bandw dPCT/RSWesEri ses one
or nore of a tinme of day adjustable bandw dth allocation and a usage 3

| evel adjustable bandwi dth allocation. 1 53. The device of C ai m 48,
wherein the quality of service assigner further 2 conprises neans for
assigning a quality of service to custoner services that have been 3
degraded or elimnated froma multiplex. 1 54. The device of C aim53,

wherein the quality of service assigner further 2 conprises a ring buffer -

for maintaining a continuous |oop of -Bkta to be able to reinsert 3 the
degraded or elimnated customer service with mninmal latency. 1 55. The
device of Claim53, wherein the quality of service assigner further 2
conprises a 1 -franme carousel for maintaining at |east an I-frame of the
dat a of 1t he 3 c4&t onFie deeicw bO€laind 45, evticrrirl the tepping heamy futbereomprisss t h mi ni nal
| atency. 1 56. The device of Caim39, wherein the renultiplexer further

conpri s@s  aZing®affer foedddap thdtbptibd JudidrdseicHBaURIiftd tﬁcﬂhﬁlﬁgkﬁ wilich consumer
prem ses equi pnent. _ . _ 111171111 111112111111111111111

3  minimum latency.
1 47.  The device of Claim 46, wherein the ring buffer further comprises an
2  MPEG group of pictures containing at least one I-frame so that the customer service is

3 reintroduced into the multiplex with minimal latency.

1 48.  The device of Claim 39, wherein the bandwidth manager further
2 comprises means for assigning a quality of service to one or more of the customer

3 services based on the bandwidth requests from the customer service providers.

1 49.  The device of Claim 48, wherein the quality of service assigner further
2 comprises means for allocating a minimum guaranteed bandwidth for a particular

3  customer service.

1 50.  The device of Claim 48, wherein the quality of service assigner further
2 comprises means for allocating minimum bandwidths simultaneously to multiple

3  customer services.
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51.  The device of Claim 48, wherein the quality of service assigner further
comprises means for assigning a variable minimum bandwidth to one or more

customer services.

52.  The device of Claim 51, wherein the variable minimum bandwidth
comprises one or more of a time of day adjustable bandwidth allocation and a usage

level adjustable bandwidth allocation.

53. The device of Claim 48, wherein the quality of service assigner further
comprises means for assignihg a quality of service to customer services that have been

degraded or eliminated from a multiplex.

54.  The device of Claim 53, wherein the quality of service assigner further
comprises a ring buffer for maintaining a continuous loop of data to be able to reinsert

the degraded or eliminated customer service with minimal latency.

55.  The device of Claim 53, wherein the quality of service assigner further
comprises a I-frame carousel for maintaining at least an I-frame of the data of the

customer service to restart the customer service with minimal latency.

56.  The device of Claim 39, wherein the remultiplexer further comprises

means for assigning a program mapping table to each consumer premises equipment.
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