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MESSAGING PROTOCOL FOR DEMAND-CAST SYSTEM AND
BANDWIDTH MANAGEMENT

RELATED APPLICATIONS

The present application is based on co-pending U.S. Provisional Patent
Application Serial No. 60/178,100, filed January 26, 2000, inventors Sadik Bayrakeri and
Donald F. Gordon, and entitled “BANDWIDTH MANAGEMENT TECHNIQUES FOR
DELIVERY OF INTERACTIVE PROGRAM GUIDE.” (Attorney Docket No. 19880-
001600US) The present application is a continuation-in-part of co-pending U.S. Patent
Application éeﬁal No. 09/524,854, filed March 14, 2000, inventors Sadik Bayrakeri,
Donald F. Gordon, Edward A. Ludvig, Eugene Gershtein, Jeremy S. Edmonds, John P.
Comito, and Alfred Li, and entitled “BANDWIDTH MANAGEMENT TECHNIQUES
FOR DELIVERY OF INTERACTIVE PROGRAM GUIDE.” (Attorney Docket No.
19880-001610US)

BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention relates to communications systems in general. More
specifically, the invention relates to video communications systems and interactive .

program guides for video programming.
2. Description of the Background Art

Over the past few years, the television industry has seen a transformation
in a variety of techniques by which its programming is distributed to consumers. Cable
television systems are doubling or even tﬁpling system bandwidth with the migration to
hybrid fiber coax (HFC) cable plant. Customers unwilling to subscribe to local cable
systems have switched in high numbers to direct broadcast satellite (DBS) systems. And,
a variety of other approaches have been attempted focusing primarily on high bandwidth
digital technologies, intelligent two way set top terminals, or other methods of trying to

offer service differentiated from standard cable and over the air broadcast systems.
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With this increase in bandwidth, the number of programming choices has
also increased. Leveraging off the availability of more intelligent set top terminals,
several companies such as Starsight Telecast Inc. and TV Guide, Inc. have developed
elaborate systems for providing an interactive listing of a vast array of channel offerings,
expanded textual information about individual programs, the ability to look forward to
plan television viewing as much as several weeks in advance, and the option of

automatically programming a VCR to record a future broadcast of a television program.

Unfortunately, the existing program guides have several drawbacks. They
tend to require a significant amount of memory, some of them needing upwards of one
megabyte of memory at the set top terminal (STT). They are very slow to acquire their
current database of programming information when they are turned on for the first time or
are subsequently restarted (e.g., a large database may be downloaded to a STT using only
a vertical blanking interval (VBI) data insertion technique). Disadvantageously, such
slow database acquisition may result in out of date database information or, in the case of
a pay per view (PPV) or video on demand (VOD) system, limited scheduling flexibility

for the information provider.

The use of compression techniques to reduce the amount of data to be
transmitted may increase the speed of transmitting program guide information. In several
communications systems, the data to be transmitted is compressed so that the available
transmission bandwidth is used more efficiently. For example, the Moving Pictures
Experts Group (MPEG) has promulgated several standards relating to digital data
delivery systems. The first, known as MPEG-1 refers to ISO/IEC standards 11172 and is
incorporated herein by reference. The second, known as MPEG-2, refers to ISO/IEC
standards 13818 and is also incorporated herein by reference. A compressed digital video
system is described in the Advanced Television Systems Committee (ATSC) digital

television standard document A/53, and is incorporated herein by reference.

'The above-referenced standards describe data processing and manipulation
techniques that are well suited to the compression and delivery of video, audio and other
information using fixed or variable rate digital communications systems. In particular,
the above-referenced standards, and other “MPEG-like” standards and techniques,
compress, illustratively, video information using intra-frame coding techniques (such as

run-length coding, Huffman coding and the like) and inter-frame coding techniques (such
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as forward and backward predictive coding, motion compensation and the like).
Specifically, in the case of video processing systems, MPEG and MPEG-like video
processing systems are characterized by prediction-based compression encoding of video

frames with or without intra- and/or inter-frame motion compensation encoding.

However, the MPEG-1 and MPEG-2 standards have, in some instances,
very strict elementary stream and transport stream formats, causing usage of extra
bandwidth for certain applications. For example, if a number of interactive program guide
(IPG) pages were created as video sequences, only limited number of pages could be

encoded into a transport stream(s) at a specified bandwidth.

Therefore, it is desirable to provide techniques for more efficiently
utilizing a limited and finite bandwidth for transmitting program guide video sequences to

set-top terminals.
SUMMARY OF THE INVENTION

The present invention provides messaging protocols for use between
components of an interactive program guide (IPG) delivery system. The protocol
provides a way to more efficiently utilize the finite bandwidth available for distribution of

IPG video sequences.

One embodiment of the present invention comprises messaging protocols
for communications between a session manager(SM), a fransport stream generator (TSG),
and a set top terminal (STT). The protocol for communication from the TSG to the STT
specifies content for a demand-cast index table that may be transmitted within a private
section of a MPEG transport stream. This content includes a list of available demand-cast
streams. The protocol for communication from the STT to the SM includes acquisition,
release, and request messages. The protocol for communication from the SM to the TSG
includes stream release, stream request, and reset messages, and the protocol for

communication from the TSG to the SM includes acknowledgements of those messages.
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BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily understood by
considering the following detailed description in conjunction with the accompanying

drawings.

' Figure 1 depicts an illustrative communications network 100 for
distributing video sequences to a plurality of terminals in accordance with an embodiment

of the present invention.

Figures 2-6 depicts various methods and topologies for demand-casting
interactive program guide (IPG) pages in accordance with embodiments of the present

invention.

Figure 2A is a flow chart showing a first push method 200 for demand-
casting interactive program guide (IPG) pages in accordance with an embodiment of the

present invention.

Figure 2B depicts a first push topology 250 for demand-casting IPG pages

in accordance with an embodiment of the present invention.

Figure 3A is a flow chart showing a second push method 300 for demand-

casting IPG pages in accordance with an embodiment of the present invention.

Figure 3B depicts a second push topology 350 for demand-casting IPG

pages in accordance with an embodiment of the present invention.

Figure 4A is a flow chart showing a first pull method 400 for demand-

casting IPG pages in accordance with an embodiment of the present invention.

Figure 4B depicts a first pull topology 450 for demand-casting IPG pages

in accordance with an embodiment of the present invention.

Figure 5A is a flow chart showing a second pull method 500 for demand-

casting IPG pages in accordance with an embodiment of the present invention.

Figure 5B depicts a second pull topology 550 for demand-casting IPG

pages in accordance with an embodiment of the present invention.
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Figure 6A is a flow chart showing a third pull method 600 for demand-

casting of IPG pages in accordance with an embodiment of the present invention.

Figure 6B depicts a third pull topology 650 for demand-casting of IPG

pages in accordance with an embodiment of the present invention.

Figure 6C is a flow chart showing a method 660 of terminating (or

. continuing) demand-casts in accordance with the third pull method 600.

Figure 7 depicts a two-way system 700 for efficient delivery of demand-

cast video sequences in accordance with an embodiment of the present invention.

Figure 8 depicts an example of a set of IPG pages for constant broadcast
and other IPG pages for demand-cast in accordance with a preferred embodiment of the

present invention.

Figure 9 depicts an example of one frame taken from a video sequence that

can be encoded using the present invention.

Figure 10 depicts a first implementational architecture 1000 for managing
delivery of video sequences of an interactive program guide in accordance with an

-embodiment of the present invention.

Figure 11 depicts a second implementational architecture 1100 for
managing delivery of video sequences of an interactive program guide in accordance with

an embodiment of the present invention.

Figure 12 depicts a third implementational architecture 1200 for managing
delivery of video sequences of an interactive program guide in accordance with an

embodiment of the present invention.

Figure 13 depicts a fourth implementational architecture 1300 for
managing delivery of video sequences of an interactive program guide in accordance with

an embodiment of the present invention.

Figure 14 depicts an embodiment for the content of the demand-cast index

table.



10

15

20

25

WO 01/56272 PCT/US01/02452

6

Figure 15 depicts one embodiment for the contents of the messages sent

from the terminal 706 to the SM 702.

Figure 16 depicts one embodiment for the contents of the messages sent

from the SM 702 to the TSG 704.

Figure 17 depicts one embodiment for the contents of the

acknowledgement messages sent by the TSG 704 back to the SM 702.

Figure 18 depicts an example showing status of active demand-cast

streams in an IPG multiplex.

Figure 19 illustrates the various scenarios for activation of a demand-cast

stream.

Figure 20 illustrates an overall process by which a released stream may be

converted to a passive stream.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

I. ILLUSTRATIVE COMMUNICATIONS NETWORK

Figure 1 depicts an illustrative communications network 100 for
distributing {lideo sequences to a plurality of terminals in accordance with an embodimént
of the present invention. The illustrative network 100 comprises a cable distribution
network, but other types of distribution networks may also be used within the spirit and

scope of the present invention.

The illustrative network 100 includes one or more head-ends 102, one or
more centers for local neighborhood equipment 104, a plurality of distribution nodes 106,
and a plurality of subscriber stations 108. The local neighborhood equipment (LNE) 104
may be located, for example, at remote hubs of a cable distribution network. The end-
user terminals 108 may comprise, for example, interactive set-top terminals (STT) or

other devices with similar interactive functionalities.

II. EXAMPLE METHODS AND TOPOLOGIES
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In the present application, the demand-cast term is used to refer to the
process of managing and delivering content to one or more users depending on user
demand for the content. Figures 2-6 depicts various methods and topologies for demand-
casting interactive program guide (IPG) pages. The various methods/topologies are given

for purposes of edification and are not meant to limit the scope of the present invention.

Figure 2A is a flow chart showing a first push method 200 for demand-
casting interactive program guide (IPG) pages in accordance with an embodiment of the

present invention. As described below, the method 200 includes four steps.

In a first step 202, a first set of IPG pages to be broadcast are
predetermined. The first set of IPG pages may comprise video sequences, for example,
for a current time period. For instance, if the current time is 1:07 pm, then the current
time period may include programming from 1:00 pm to 2:30 pm, assuming a 90 minute

time period.

In a second step 204, a second set of IPG pages to be broadcast are
predetermined.‘ The second set of IPG pages may comprise video sequences, for
example, for a prime time period. Such a prime time period is a time period during which
a large number of viewers typically watch TV programming. For example, the prime

time period may include programming from 6:00 pm to 9:00 pm.

| In a third step 206, bandwidth to broadcast the first and second sets of IPG
pages is allocated in the distribution system for that purpose. For example, as described
below in more detail, a bandwidth manager (BWM) within a head-end 102 and/or local
neighborhood equipment 104 allocates within the in-band network the necessary
bandwidth to broadcast the first and second sets of IPG pages to the set-top terminals
(STT) 108. If the first and second sets overlap, then only the non-redundant video
sequences need to be broadcast and so only enough bandwidth to broadcast the non-
redundant video sequences needs to be allocated. Such a situation may happen, for

example, when the current time period is within prime time.

In a fourth step 208, the IPG pages of the first and second sets are
broadcast to set-top terminals (STT) 108 within the broadcast range. The broadcast range

may comprise all terminals 108 downstream from the head-end 102 or local
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neighborhood equipment 104. Only the non-redundant content needs to be broadcast.

The broadcast is performed within the allocated in-band bandwidth.

Figure 2B depicts a first push topology 250 for demand-casting IPG pages
in accordance with an embodiment of the present invention. The topology 250 relates to
the push method 200 of Fig. 2A. As shown in Fig. 2B, the IPG pages are transmitted
from the head-end (HE) 102 or local neighborhood equipment (LNE) 104 downstream
within the illustrative communications network 100. As shown in Fig. 2B, the broadcast
is pushed from the HE 102.or LNE 104 to the distribution nodes 106 and finally to the

multitude of set-top terminals 108.

Figure 3A is a flow chart showing a second push method 300 for demand-
casting IPG pages in accordance with an embodiment of the present invention. As

described below, the method 300 includes three steps.

In a first step 302, an IPG page is selected to be narrowcast to a group 352
of terminals 108. For example, the group of terminals may be a group comprising a high
concentration of users with a particular ethnicity or special interest, and the IPG page
selected may comprise programming targeted to that ethnic group or special interest
group. As another example, the group of terminals may comprise terminals 108 in a
school campus or business, and the IPG page selected may comprise class instruction or
other targeted material. The group 352 may include terminals 108 in one geographic area
or terminals 108 dispersed among different geographic areas but linked, for example, via

anetwork group address.

In a second step 304, bandwidth to narrowcast the selected IPG pages is
allocated in the distribution system for that purpose. For example, as described below in
more detail, a bandwidth manager (BWM) within a head-end 102 and/or local
neighborhood equipment 104 allocates within the in-band network the necessary
bandwidth to narrowcast the selected IPG page to the group 352 of terminals 108. If the
requested IPG page is already being broadcast per Figs. 2A and 2B, then no additional

bandwidth for a narrowcast need be allocated.

In a third step 306, the selected IPG page is narrowcast to the group of
terminals 108. The narrowcast need only be received by terminals 108 within the group

352 and does not need to be received by other STTs 108. The narrowcast is sent
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downstream from the head-end 102 or local neighborhood equipment 104 to the group
352 of terminals 108. The narrowcast is performed within the allocated in-band
bandwidth. If the requested IPG page is already being broadcast per Figs. 2A and 2B,

then the narrowcast need not be performed.

Figure 3B depicts a second push topology 350 for demand-casting IPG
pages in accordance with an embodiment of the present invention. The topology 350
relates to the push method 300 of Fig. 3A. As shown in Fig. 3B, the IPG page is
transmitted from the head-end (HE) 102 or local neighborhood equipment (LNE) 104
downstream within the illustrative communications network 100. As shown in Fig. 3B,
the narrowcast is pushed from the HE 102 or LNE 104 to one or more distribution nodes

106 and finally to the terminals 108 within the group 352.

Figure 4A is a flow chart showing a first pull method 400 for demand-
casting IPG pages in accordance with an embodiment of the present invention. As

described below, the method 400 includes three steps.

In a first step 402, a request for an IPG page is received from a STT 108.
The request is transmitted upstream from the STT 108 to the HE 102 or LNE 104 by way
of the communications network 100. The upstream transmission may be done via an out-
of-band network. Alternatively, the upstream transmission may be done via an in-band
network. Such a request may comprise, for example, a look ahead request where a user
wishes to view programming for a time period ahead of the current time period. For a
system where a set or sets of IPG pages are already being broadcast per Figs. 2A and 2B,
the STT 108 may first check to see whether or not the requested IPG page is already

being broadcast before transmitting the request upstream.

In a second step 404, bandwidth to pointcaét the requested IPG page is
allocated in the distribution system for that purpose. For example, as described in more
detail below, a bandwidth manager (BWM) within a head-end 102 and/or local
neighborhood equipment 104 may allocate within the in-band network the necessary
bandwidth to pointcast the requesied IPG page to the requesting STT 108. Such
allocation is performed if sufficient system resources are available to establish such a
session. Moreover, if the requested IPG page is already being broadcast per Figs. 2A and

2B, then no additional bandwidth for a poinicast need be allocated.
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In a third step 406, the requested IPG page is pointcast to the requesting
set-top terminal (STT) 108. The pointcast need only be received by the requesting STT
108 and does not need to be received by other STTs 108. The pointcast is sent
downstream from the head-end 102 or local neighborhood equipment 104 to the
requesting STT 108. The pointcast is performed within the allocated in-band bandwidth.
If the requested IPG page is already being broadcast per Figs. 2A and 2B, then the

pointcast need not be performed.

Figure 4B depicts a first pull topology 450 for demand-casting IPG pages
in accordance with an embodiment of the present invention. The topology 450 relates to
the pull method 400 of Fig. 4A. As shown in Fig. 4B, the request is transmitted upstream
from the requesting STT 108 to the HE 102 or LNE 104 via illustrative communications
network 100. Subsequently, the requested IPG page is pointcast downstream from the
HE 102 or LNE 104 to the requesting STT 108 via the network 100.

Figure 5A is a flow chart showing a second pull method 500 for demand-
casting IPG pages in accordance with an embodiment of the present invention. As

described below, the method 500 includes three steps.

In a first step 502, a request for an IPG page is received from a requesting
STT 552. The request is transmitted upstream from the requesting STT 552 to the HE
102 or LNE 104 by way of the communications network 100. The upstream transmission
may be done via an out-of-band network. Alternatively, the upstream transmission may
be done via an in-band network. Such a request may comprise, for example, a look ahead
request where a user wishes to view available special interest programming for a time
period ahead of the current time period. For a system where a set or sets of IPG pages are
already being broadcast per Figs. 2A and 2B, the requesting STT 552 may first check to
see whether or not the requested IPG page is already being broadcast before transmitting

the request upstream.

In a second step 504, bandwidth to narrowcast the requested IPG page is
allocated in the distribution system for that purpose. For example, as described below in
relation to Figs. 7 and 8, a bandwidth manager (BWM) within a head-end 102 and/or
local neighborhood equipment 104 may allocate within the in-band network the necessary

bandwidth to narrowcast the requested IPG page to a group 554 of terminals which
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includes the requesting STT 552. Such allocation is performed if sufficient system
resources are available to establish such a session. If the requested IPG page is already
being broadcast per Figs. 2A and 2B, then no additional bandwidth for a pointcast need
be allocated. The group 554 may include terminals 108 in one geographic area or
terminals 108 dispersed among different geographic areas but linked, for example, via a

network group address.

In a third step 506, the requested IPG page is narrowcast to the group 554
of terminals 108. The narrowcast need only be received by terminals 108 within the group
554 and does not need to be received by other STTs 108. The narrowcast is sent
downstream from the head-end 102 or local neighborhood equipment 104 to the group
554 of terminals 108. The narrowcast is performed within the allocated in-band
bandwidth. If the requested IPG page is already being broadcast per Figs. 2A and 2B,

then the narrowcast need not be performed.

Figure 5B depicts a second pull topology 550 for demand-casting IPG
pages in accordance with an embodiment of the present invention. The topology 550
relates to the pull method 500 of Fig. 5A. As shown in Fig. 5B, the request is transmitted
upstream from the requesting STT 552 to the HE 102 or LNE 104 via illustrative
communications network 100. Subsequently, the requested IPG page is narrowcast
downstream from the HE 102 or LNE 104 to the group 554 which includes the requesting
STT 108 via the network 100.

Figure 6A is a flow chart showing a third pull method 600 for demand-
casting of IPG pages in accordance with an embodiment of the present invention. As

described below, the method 600 includes five steps.

In a first step 602, a request for an IPG page is received from a first STT
652. The request is transmitted upstream from the first STT 652 to the HE 102 or LNE
104 by way of the communications network 100. The upstream transmission may be
done via an out-of-band network. Alternatively, the upstream transmission may be done
via an in-band network. Such a request may comprise, for example, a look ahead request
where a user wishes to view programming for a time period ahead of the current time

period. For a system where a set or sets of IPG pages are already being broadcast per
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Figs. 2A and 2B, the first STT 652 may first check to see whether or not the requested

IPG page is already being broadcast before transmitting the request upstream.

In a second step 604, a stream 656 assigned to pointcast the requested IPG
page may be allocated in the distribution system for that purpose. Such allocation is
performed if sufficient system resources are available to establish such a session. For
example, as described below in more detail, a bandwidth manager (BWM) within a head-
end 102 and/or local neighborhood equipment 104 may determine that sufficient
resources are available to assign the stream 656 to pointcast the requested IPG page to the
first STT 652. The stream assignment may be made, for example, by assigning a
particular value to th¢ program identifier (PID) for the stream 656. If the requested IPG
page is already being broadcast per Figs. 2A and 2B, then the stream assignment need not

be made.

In a third step 606, the requésted IPG page is pointcast to the first STT 652
via the assigned stream 656. This may be done by transmitting packets that are identified
by the particular PID value and contain the video sequence of the requested IPG page.
The pointcast need only be received by the first STT 652 and does not need to be received
by other STTs 108. The pointcast is sent downstream from the head-end 102 or local
neighborhood equipment 104 to the first STT 652. If the requested IPG page is already
being broadcast per Figs. 2A and 2B, then the pointcast need not be performed.

In a fourth step 608, a request for an IPG page is received from a second
STT 654, where the IPG page requested is the same IPG page as the one requested by the
first STT 652 in the first step 602. Like the first request, this second request is
transmitted upstream from the second STT 654 to the HE 102 or LNE 104 by way of the
communications network 100 via either an out-of-band network or via an in-band
network. The second STT 654 may be either in the same geographic area as the first STT
652, or the second STT 654 may be in a different geographic area as the first STT 652.

Either way, in a fifth step 610, the identifier (e.g., PID value) for the
stream 656 is transmitted from the HE 102 or LNE 104 to the second STT 654. This
enables the next step 612 to occur without use of additional PIDs or additional network
bandwidth.
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Finally, in a sixth step 612, the second STT 654 receives the requested IPG
page via the same stream 656 as that which delivers the IPG page to the first STT 652.
This may be done, for example, by setting the second STT 654 to decode and present
packets that are identified by the particular PID value for the stream 656. Such packets
are the ones which contain the video sequence of the requested IPG page. In this manner,
“sharing” of the stream 656 occurs, changing the previously “single” pointcast to a

“double” pointcast.

Similarly, additional terminals 108 may “share” the pointcast by
requesting the same IPG page and receiving it via the same stream 656. In this way, any
number of terminals 108 may share the pointcast. This results in more efficient use of

limited bandwidth.

Figure 6B depicts a third pull topology 650 for demand-casting of IPG
pages in accordance with an embodiment of the present invention. The topology 650
relates to the pointcast “sharing” method 600 of Fig. 6A. As shown in Fig. 6B, a request
is transmitted upstream from the first STT 652 to the HE 102 or LNE 104 via illustrative
communications network 100. In response, the requested IPG page is pointcast by way of
a stream 656 from tlie HE 102 or LNE 104 to the first STT 652. Next, a second request
for the same IPG page is transmitted upstream from the second STT 654 to the HE 102 or
LNE 104 via the network 100. In response, the identifier for the stream 656 is transmitted
from the HE 102 or LNE 104 to the second STT 654. Subsequently, the second STT 654

uses the identifier to receive the IPG page from that same stream 656.

Figure 6C is a flow chart showing a method 660 of terminating (or
continuing) demand-casts in accordance with the third pull method 600. As described

below, the method 660 includes five steps.

In a first step 662, an STT finishes viewing a stream which transmits an
IPG page. In the example discussed above with respect to Figs. 6A and 6B, the STT may
be either the first STT 652 or the second STT 654. In general, the STT may be any of
multiple terminals which are sharing the stream, or the STT may be the last terminal to be

viewing a stream which was previously shared.

In a second step 664, the HE 102 or LNE 104 is notified that the STT has

finished viewing the stream. Such a notification occurs by the STT sending a
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- communication upstream to the HE 102 or LNE 104 by way of an out-of-band or in-band

network.

In a third step 666, a determination is made as to whether or not that
stream is still being viewed by one or more STTs. As described in more detail below, this
determination is done within the HE 102 or LNE 104 and may be done by a bandwidth

manager in conjunction with a session manager.

In a fourth step 668, if one or more STTs are still viewing that stream, then
transmission of the stream by the HE 102 or LNE 104 continues. Such transmission is

typically performed by an in-band delivery system.

Finally, in a fifth step 670, if no more STTs are still viewing that stream,
then the stream is “torn down” so that it is no longer transmitted and no longer takes up
network bandwidth. The torn down stream is made available for reassignment to reuse

the bandwidth to transmit a different pointcast, narrowcast, or broadcast.
III. DEMAND-CAST SYSTEM

1. Guide Page Usage Frequency Distribution

Prerequisite assumptions need to be made regarding the usage frequency
distribution of guide pages. Certain pages in the guide page matrix, such as those in the
current time slot and adjacent time slots (near look-ahead) are likely to be accessed
frequently by STT users. Similarly, other guide pages, as in the case of “far look-ahead”
pages, are likely to be accessed less frequently. This characteristic, inherent in guide
page usage, lends the IPG well to a demand-cast model described in this document.
Access to all the guide pages in the guide page matrix can be made possible by sending in
the transport a combination of constantly broadcast guide pages for those pages that are
most frequently accessed, and temporarily broadcast or demand-cast guide pages for
those less frequently accessed. The technique consists in sending current and near look-
ahead pages in broadcast fashion and sending far look-ahead pages in demand-cast

fashion.

2. Demand-cast Overview
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A demand-cast IPG system is a two-way system requiring communication
between STT users on the cable network and the head-end via a back-channel. Demand-
cast pages are inserted in the transport stream for temporary broadcast based on access
demand generated by STT users on the cable network. When a request for a guide page is
made by a particular STT, two things can happen. If the page is already in‘the PG
broadcast, the STT simply acquires the corresponding stream. If the page is not in the
broadcast, the STT requests from the head-end that the corresponding stream be inserted
in the IPG multiplex. The head-end replaces the least frequently accessed and not
currently accessed stream in the IPG multiplex with the newly requested page. When a
STT no longer accesses a guide page, it informs the head-end that it has released it. When
accessing a demand-cast page, the IPG STT application also times-out following a certain
delay of inactivity (i.e. 2 minutes) on the part of the user. In this case it also informs the
head-end that it has released the page. Informing the head-end when demand-cast pages
become released ensures that non-accessed demand-cast pages become available for
substitution. When a STT requests that a new demand-cast page be inserted into the IPG
multiplex, if there is no slot available in the IPG multiplex, the head-end refuses to insert
a newly requested guide page resulting in a blockage. All statistical systems are
susceptible to blockage if loaded with too many users or in the case of rare chaotic
episodes. The advantage of the demand-cast model is that if a particular page is
susceptible to intensive access, such as in the case of a page listing a major sports event, it
only needs to be inseﬁed oﬁce into the transport stream. It is readily accessible by

multiple STTs without consuming additional bandwidth.
3. Latency in Broadcast vs. Demand-cast

Access to guide pages with low latency is an important feature in the IPG.
Constantly broadcast pages offer the lowest latency access, whereas demand-cast pages
may be delayed if not yet in the transport stream. Frequently accessed pages, such as
those in the current time slot and near look-ahead time slots, and perhaps prime-time slots
need to be broadcast constantly so as to remain accessible with the minimum of latency.

Less frequently accessed far look-ahead pages can be demand-cast.
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4. System Description

Figure 7 depicts a two-way system 700 for efficient delivery of demand-
cast video sequences in accordance with an embodiment of the present invention. The
system 700 includes a session manager (SM) 702 and a transport stream generator (TSG)
704.

Both the SM 702 and the TSG 704 may be, for example, co-located at a
distribution center. The distribution center may comprise, for example, a headend 102 in
the illustrative distribution system 100. Alternatively, the SM 702 and the TSG 704 may
be at different locations. For example, the SM 702 may be at a headend 102, and the
TSG 704 may be at local neighborhood equipment 104 in the illustrative distribution
system 100.

Both the SM 702 and the TSG 704 are coupled to a plurality of terminals
706 via a distribution network. The distribution network may comprise, for example, the

cable distribution network 100 illustrated in Fig. 1. In that example, the terminals 706

“would comprise set-top terminals 108 or the equivalent functionality integrated into a

computer system or advanced television. Alternatively, for example, the distribution
network may comprise a satellite communications system or another type of

communications system (telephonic, wireless, etc.).

One terminal 706 and its links to the SM 702 and the TSG 704 are
illustrated in Fig. 10. In the particular embodiment shown in Fig. 10, the terminal 706
receives in-band communications from the TSG 704 and sends out-of-band (OOB)
communications to the SM 702. In an alternative embodiment, the communications to

the SM 702 may comprise upstream in-band communications.

The session manager (SM) 702 may comprise, in one embodiment, a
computer system residing at a cable headend 102. The computer system may comprise,
for example, a computer server running a version of the UNIX (or alternatively Windows)
operating system. The computer system may receive out-of-band commmunications from
the terminals 706 by way of a connection to the network controller. For example, the
connection may comprise an Ethernet connection, and the network controller may

comprise one from General Instruments (now part of Motorola) or another supplier. The
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computer system also communicates with and controls the transport stream generator 704

by way of a network connection such as an Ethernet connection.

The SM 702 manages delivery of the IPG to terminals 706 on multiple
cable nodes each served by a separate IPG multiplexed transport stream generated at a
TSG 704. The SM 702 also monitors demand-cast stream usage by the terminals 706. It
tracks IPG demand-cast streams that are acquired by at least one terminal 706 by
maintaining a dynamic list of terminals 706 using each stream. This is done for each IPG
multiplexed transport stream managed by the SM 702. The SM 702 also accepts‘
messages from terminals 706 indicating that they have acquired, released, or requested
demand-cast streams. A terminal 706 that has acquired a demand-cast stream is
registered to the stream, and a terminal 706 that has released a demand-cast stream is
removed from the registry for the stream. The SM 702 informs the corresponding TSG
704 once there is no logner any terminals 706 registered to a particular demand-cast
stream. It also informs the TSG 704 when a terminal 706 requests a demand-cast stream.
In one embodiment, the SM 702 may time-out acquisition of a stream by any terminal
706 if the terminal 706 has not released the stream within a period of time (for example, a
few minutes). The time-out may be implemented by removing the particular terminal 706

from the registry for the stream.

The transport stream generator (TSG) 704 may comprise, in one
embodiment, a computer system residing at a cable headend 102. The computer system
may comprise, for example, a computer server running a version of the Windows (6r
alternatively UNIX) operating system. Alternatively, the TSG 704 may be located
separately from the SM 702, for example, at local neighborhood equipment 104. Each
TSG 704 is coupled to a SM 702, for example, via an Ethernet network. The TSG 704
may generate one or more IPG multiplexed transport stream, each broadcast to a

respective node in the distribution system.

In one embodiment, the IPG multiplexed transport stream comprises a
MPEG transport stream. In this case, the TSG 704 may communicate with the terminals
706 by way of tables in the private section of the MPEG transport stream. Such a table
may include a list of available demand-cast streams, along with the address of the source
TSG 704 and information to identify the particular IPG multiplexed transport stream to
which the table belongs.
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The TSG 704 manages each IPG multiplexed transport stream which it
generates. The TSG 704 receives information from the SM 702 indicating whether each
demand-cast stream being served is currently being acquired by any terminal 706 or not.
In other words, the TSG 704 is informed by the SM 702 when there is no longer any

terminals 706 acquiring a demand-cast stream.

In one embodiment, the TSG 704 maintains a status for each variable
demand-cast stream being served. The status is adjusted upon receipt by the TSG 704 of
certain messages from the SM 702. The basic states for the status comprise an “acquired”
state which denotes that the demand-cast stream is in use by one or more terminals 706,
and a “released” state which denotes that that the demand-cast stream is not in use by any
terminal 706. The TSG 704 keeps serving “acquired” demand-cast streams by
multiplexing them into appropriate transport streams and replaces “released” demand-cast
streams with new demand-cast streams upon receipt of a request message from the SM
702. In a preferred embodiment, the TSG 704 also keeps track of the order in which the -
streams are released, so that the oldest released stream may be used as the preferred

candidate for replacement.

If all the demand-cast streams in a particular IPG multiplexed transport
stream are “acquired,” then a new stream cannot be inserted, and so the TSG 704 refuses
the request. In such a case, a message indicating such a refusal may be sent to the SM

702 and/or the requesting terminal 706.

In one embodiment, the terminal 706 comprises a set-top terminal (STT)
for use by a service subscriber. The STT may comprise an embedded system which
includes a tuner, a demultiplexer, and a decoder. The STT drives the subscriber’s display
unit or TV set, and it may be connected to the TSG 704 by way of a RF feed from a cable
distribution network. The IPG content may be received from a particular IPG
multiplexed transport stream on a specific QAM carrier signal. In one embodiment, the -
IPG multiplexed transport stream may comprise an ensemble of elementary MPEG video

streams, each representing a portion of the guide.

In a preferred embodiment, the terminal 706 includes IPG client software
application which is resident at the terminal 706. The IPG client application is
responsible for presenting the IPG to the subscriber. The IPG client application
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demultiplexes and decodes IPG pages requested by the user. If a requested page is
already being received via the IPG multiplexed transport stream, then the IPG client
application acquires the stream immediately and sends a message to the SM 702 that it
has acquired the stream. If the requested page is not in the IPG multiplexed transport
stream, then the IPG client application sends a request message to the SM 702.
Subsequently, the IPG client application acquires the stream once it is received. In
addition, when a stream is no longer being acquired, the IPG client application sends a
release message to the SM 702. In one embodiment, if there is no remote control or other
activity by the user for a period of time (for example, a few minutes), then the IPG client
application times-out the acquisition. The time-out may be accomplished, for example,

by sending a release message to the SM 702 and acquiring a broadcast stream instead.
5. Description Per Major Module

The demand-cast system consists of three major subsystems: the set top
terminal (STT); the session manager (SM); and the transport stream generator (TSG.) A

description of each subsystem follows.
A. STT (Set-Top Terminal)

The set top terminal is the end-user or cable service subscriber
tuner/demultiplexer/decoder and embedded system. Currently, the STT used in initial
pilot deployments is the General Instruments DCT-2000. It is connected to the cable
operator RF feed. It drives the subscribers display unit or TV set. The IPG content is in
the IPG transport stream (or multiplex) located on a specific QAM carrier. The IPG
multiplex contains an ensemble of elementary MPEG video streams each representing
portions of the guide. Some of these streams are guide grid pages. The STT receives
messages from the head-end via tables in the private section of the IPG transport stream
(in-band messaging.) The STT sends messages to the head-end via the out-of-band return

path.

The IPG Application is the set top terminal resident program responsible
for presenting the DIVA Interactive Program Guide to the subscriber. The IPG
application demultiplexes and decodes IPG pages requested by the user. If a particular
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page is in the IPG transport stream, the STT acquires the stream immediately and informs
the SM that it has requested it. If the page is not in the multiplex, the STT also sends a
message to the SM that it has requested it. Then it acquires the stream once it’s in the
multiplex. When the STT no longer is acquiring a guide stream, it informs the SM that it

has released it.

If the STT is on a demand-cast stream for more than 2minutes without any
remote control activity, it times-out. It acquires a broadcast stream instead and informs

the SM that it has released the démand—cast stream.
B. SM (Session Manager)

The session manager is a computer residing at the cable head-end.
Currently, the SM is a SPARC Station running Solaris. It is connected via Ethernet to the
server side of the General Instruments network controller (NC) and is the receiver for OB
return path messages originating from STTs. The SM can handle STTs on multiple cable
nodes each served by a separate IPG multiplex. The SM communicates and controls the

TSGs via Ethernet. The TSGs generate the IPG transport streams.

The SM manages one or multiple cable networks and monitors demand-
cast stream usagé. It tracks IPG demand-cast streams that are acquired by at least one
STT maintaining a dynamic list of STTs that are using them. This is done for each
multiplex managed by the SM. The SM accepts messages from STTs indicating that they
have requested or released demand-cast streams. A STT that has acquired a demand-cast
stream is registered to the stream and a STT that has released a demand-cast stream is
removed from the streams registry. The SM informs the TSG once there are no longer
any STTs on a particular demand-cast stream. It also informs the TSG when a STT

requests a demand-cast stream.

The SM times-out any STT from a demand-cast stream if the box has not
released the stream within a few minutes. It does this by removing it from the demand-

cast stream’s registry.
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C. TSG (Transport Stream Generator)

The transport stream generator is a computer residing at the cable head-
end. Currently, the TSG is a PCI WinNT system. It is connected via Ethernet to the SM
controlling it. The TSG produces one or more IPG trahsport streams each broadcast to
their respective nodes. The TSG communicates with the STTs by way of tables in the
private section of the IPG transport streams. The table contains the list of available
demand-cast streams along with the IP address of the source TSG (its IP address) and the
channel number of the IPG multiplex. (which multiplex it is in the TSG)

The TSG manages the transport stream for each IPG multiplex it generates.
It receives information from the SM on each demand-cast stream indicating whether the
stream is currently acquired by any STT or released by all STTs. The TSG is informed
by the SM when there is no longer any STT on a demand-cast stream. The TSG is
informed by the SM when a STT requests a demand-cast stream. The TSG maintains
status for all the demand-cast streams in each multiplex. It adjusts the status for each
stream for which it receives a message from the SM. The basic status is ‘acquired” for
streams in use by one or more STTs or ‘released’ for streams that are not in use by any
STT. The TSG keeps ‘acquired’ streams in its multiplexes and replaces ‘released’
streams with new demand-cast streams upon request. It also keeps track of which are the
few oldest ‘released’ stream. The best candidate for replacement is always the oldest
‘released’ stream. If all the demand-cast streams in a multiplex are ‘acquired’ then a new

stream can not be inserted and the TSG refuses the request.
V. EXAMPLE OF INTERACTIVE PROGRAM GUIDE

An embodiment of an interactive program guide in accordance with the
present invention is described below. The embodiment is described for purposes of

illustration and is not meant to limit the scope of the present invention.

Figure 8 depicts an example of a set of IPG pages for constant broadcast
and other IPG pages for variable demand-cast in accordance with a preferred embodiment
of the present invention. In the example shown in Fig. 8, 40 IPG pages are constantly
broadcast and up to 30 IPG pages may be variably demand-cast. There are 10 guide

pages per time slot, and the constant broadcast includes 10 guide pages for the current
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timeslot and 30 guide pages for the next three hourly timeslots. The variably demand-
cast pages may be any pages within the guide page matrix that are not currently being

broadcast.

In such a system, when a request for a guide page is made by a particular
terminal, either of two scenarios can occur. First, if the page is already in the IPG
broadcast, then the terminal simply acquires the stream with the page from the broadcast.
Second, if the page is not in the broadcast, then the terminal transmits a request for the
page to the head-end. The head-end may then fulfill the request by replacing the least
frequently accessed and not currently accessed stream being transmitted downstrem with

a stream containing the requested page.

Subsequently, the terminal will end its access of the guide page. This may
occur because the user has instructed the terminal to view a different page. Alternatively,
this may occur because of a time-out due to inactivity over a period of time (for example,
2 minutes). In any case, when the terminal is no longer accessing the guide page, then the
terminal transmits a message to the head-end which indicates that the terminal has
released the corresponding stream. Informing the head-end when varibly demand-cast
pages become released ensures that non-accessed demand-cast pages become available

for substitution as described above.

One advantage of the preferred embodiment of the present invention is
that, if a particular page is intensively accessed (such as a page listing a major sports
event), then the system needs to insert the particular page only once into the transport
stream. Once inserted, the page is readily accessible by multiple terminals without
consuming additional bandwidth. Other systems would be more susceptible to blockage.
Blockage would occur, for example, when a newly requested page cannot be inserted into

the transport stream because there is no available bandwidth within the transport stream.

An IPG delivery system in accordance with a preferred embodiment of the
present invention is a two-way system which is capable of two-way communications
between set top terminals on the cable network and the equipment in the cable head-end.
For example, communications may be transmitted from the terminals to the head-end via
a back-channel, and content may be transmitted from the head-end to the terminals by

insertion into a transport stream.
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Figure 9 depicts an example of one frame taken from a video sequence of
an IPG page in accordance with the present invention. The IPG page 900 of Figure 9
comprises a first 905A, second 905B and third 905C time slot objects, a plurality of
channel content objects 910-1 through 910-8, a pair of channel indicator icons 941A,
941B, a video barker 920 (and associated audio barker), a cable system or provider logo
915, a program description region 950, a day of the week identification object 931, a time
of day object 939, a next time slot icon 934, a temporal increment/decrement object 932,
a “favorites” filter object 935, a “movies” filter object 936, a “kids” (i.e., juvenile)
programming filter icon 937, a “sports” programming filter object 938 and a VOD
programming icon 933. It should be noted that the day of the week object 931 and next
time slot icon 934 may comprise independent objects (as depicted in Figure 9) or may be

considered together as parts of a combined object.

In a system, illustratively, comprising 80 channels of information, the
channels are displayed in 8-channel groups having associated with them three hour time
slots. In this organization, it is necessary to provide 10 video PIDs to carry the present-
time channel/time/title information, one or more audio PID to carry the audio barker
and/or one or more data PID (or other data transport method) to carry the program
description data, overlay data and the like. To fully broadcast interactive program
information up to 24 hours in advance, it is necessary to provide 160 (10*24/1.5) video
PIDS, along with one or more audio and, optionally, one or more data PIDs. The amount
of time provided for in broadcast video PIDs for the given channel groups comprises the
time depth of the program guide, while the number of channels available through the
guide (compared to the number of channels in the system) provides the channel depth of
the program guide. In a system providing only half of the available channels via
broadcast video PIDs, the channel depth is said to be 50%. In a system providing 12
hours of time slot "look-ahead,” the time depth is said to be 12 hours. In a system
providing 16 hours of time slot "look-ahead” and 4 hours of time slot “look-back,” the
time depth is said to be +16/-4 hours.

The video streams representing the IPG are carried in a single transport
stream or multiple transport streams, within the form of a single or multi-programs as
discussed previously in this invention. A user desiring to view the next 1.5 hour time

interval (e.g., 9:30 — 11:00) may activate a “scroll right” object (or move the joystick to
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the right when a program within program grid 902 occupies the final displayed time
interval). Such activation results in the controller of the STT noting that a new time
interval is desired. The video stream corresponding to the new time interval is then
decoded and displayed. If the corresponding video stream is within the same transport
stream (i.e., a new PID), then the stream is immediately decoded and presented. If the
corresponding video stream is within a different transport stream, then the related
transport stream is extracted from the broadcast stream and the related video stream is
decoded and presented. If the corresponding transport stream is within a different
broadcast stream, then the related broadcast stream is tuned, the corresponding transport

stream is extracted, and the desired video stream is decoded and presented.

A user interaction resulting in a prior time interval or a different set of
channels results in the retrieval and presentation of a related video stream. If the related
video stream is not part of the broadcast video streams, then a pointcast session, for
example, may be initiated as described above in relation to Figs. 4A and 4B. For this
purpose, the STT sends a request to the head end via the back channel requesting a
particular stream. The head end then processes the request, retrieves the related sfream
from the information server, incorporates the stream within a transport stream as a video
PID (preferably, the transport stream currently being tuned/selected by the STT) and
informs the STT which PID should be received, and from which transport stream it
should be demultiplexed. The STT then retrieves the related video PID. In the case of
the video PID being within a different transport stream, the STT first demultiplexes the
corresponding transport stream (possibly tuning a different QAM stream within the

forward channel).

Normally, upon completion of the viewing of the desired stream, the STT
indicates to the head end that it no longer needs the stream, whereupon the head end tears
down the pointcast session. The viewer is then returned to the broadcast stream from
which the pointcast session was launched. However, as described above in relation to
Figs. 6A, 6B, and 6C, the method for “sharing” pointcasts may avoid the need to tear
down the pointcast session if another STT is still utilizing the pointcast. In addition, the
above described pointcast sharing technique more efficiently utilizes the network

bandwidth allocated to pointcasts.
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Now consider the difference in latencies between push demand-casts and
pull demand-casts. Access to IPG pages with low latency is a desirable feature in
providing a program guide. A system which only pushes IPG pages would offer
potentially the lowest latency access, whereas a system which only pulls pages would

incur significant delays in accessing each page.

In accordance with a preferred embodiment of the present invention,
frequently accessed IPG pages such as those in the current time slot and near look-ahead
time slots, and perhaps prime-time slots would be push demand-cast constantly so as to
remain accessible with low latency. Less frequently accessed far look-ahead pages would

be pull demand-cast.
VI. EXAMPLE IMPLEMENTATIONAL ARCHITECTURES

The first through fourth (1000 through 1300) implementational
architectures described below are illustrative implementational architectures which may
be used to implement the present invention. They are not meant to limit the present

invention to those specific embodiments.

Figure 1000 depicts a first implementational architecture 1000 for
managing delivery of video sequences of an interactive program guide in accordance with
an embodiment of the present invention. The first implementational architecture 1000
includes a key manager 1002, a subscription/billing manager 1004, an IPG generator
1006, and a head-end 102. This first architecture 1000 provides for encryption of the IPG

content.

The head-end 102 is coupled to a multitude of STTs 108 by way of both an
in-band network and an out-of-band (OOB) network. The head-end 102 includes various
components which are coupled together and interact with each other. The head-end 102
illustrated includes an advertising/html content source 1008, an IPG content source 1009,
a compositor 1010, an encoder 1012, a processor 1014, a multiplexor 1016, an encryptor
1018, an in-band delivery system 1020, a controller 1022, a session manager 1024, an
access manager 1026, a bandwidth manager 1028, and out-of-band (OOB) equipment
1030.
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Note that the session manager 702 of Fig. 7 encompasses the functionality
of multiple components of Fig. 10, including the session manager 1024 and the
bandwidth manager 1028. Also, note that the transport stream generator 704 of Fig. 7
encompasses the functionality of multiple components of Fig. 10, including the processor

1014 and the mux 1016.

Figure 11 depicts a second implementational architecture 1100 for
managing delivery of video sequences of an interactive program guide in accordance with
an embodiment of the present invention. The second implementational architecture 1100
includes the components of the first implementational architecture 1000. In addition, the
second implementational architecture 1100 includes local neighborhood equipment 104
and a video-on-demand (VOD) server 1102. This second architecture 1100 provides for

encryption of the IPG content.

The LNE 104 is coupled to the HE 102 by way of an in-band network and
an OOB messaging system. The LNE 104 is also coupled to a multitude of STTs 108 by
way of a local in-band network. The LNE 104 includes various components which are
coupled together and interact with each other. The type of components in the LNE 104
are typically a subset of the type of components in the HE 102. The LNE 104 illustrated
includes a processor 1114, a multiplexor 1116, an encryptor 1118, a local delivery system
1120, a controller 1122, a session manager (SM) 1124, an access manager (AM) 1126,
and a bandwidth manager (BWM) 1128.

Figure 12 depicts a third implementational architecture 1200 for managing
delivery of video sequences of an interactive program guide in accordance with an
embodiment of the present invention. The implementational architecture 1200 includes a
local IPG center 1202, a headend 1204, a service center 1206, and a plurality of set-top
terminals (STT) 1208. In addition, the system may be integrated with a video on-demand
(VOD) system 1210 and a corresponding VOD application 1238 at the STT 1208. This
third architecture 1200 does not provide for encryption of the IPG content.

_ The local IPG center 1202 generates guide page user interface (UI) screens
and periodically sends the UI screens to an IPG server 1212 at the headend 1204.
MSO/third party IPG add-on content 1214 may be provided to the IPG server 1212 from
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MSO equipment within the headend 1204. For example, the add-on content may include

real-time advertisement video or HTML pages for electronic commerce.

The IPG server 1212 composes (C), encodes (E), processes (P),
multiplexes (M), and modulates (QAM) the IPG content (guide plus add-on content) and
transmits it to a combiner 1216. The combiner 1216 combines the IPG content with
broadcast TV, premium content (e.g., HBO), pay-per-view (PPV), and other content from
a multiple service operator (MSO) content delivery system 1218. The combined content

is then broadcast to the STTs 1208 via an in-band distribution network 1220.

Upon viewer tuning of the STT 1208 to the IPG channel, an IPG
application 1222 at the STT 1208 processes the IPG stream and provides the IPG via an
application programming interface (API) 1224 to a “native” application 1226 running on
the STT 1208. The native application 1226 decodes and presents the IPG to the viewer.

In one embodiment, the TV program guide for a current time period (1.5
hours) is broadcast to viewers. In addition, two weeks of lookahead TV programming
may be delivered to viewers on demand via demand-cast. Upon a view action of moving
a cursor to a lookahead time interval, the STT 1208 sends a request via a backchannel to a
session manager (SM) 1228 [for example, via an OOB channel to a reverse path
demodulator (RPD), then to a network controller (NC), then to the SM 1228]. The SM
1228 then causes the IPG server 1212 to multiplex the requested IPG page into the IPG

stream.

The SM 1228 also interacts with a subscription/billing interface 1230 in
the VOD system 1210 to coordinate access to VOD services from a link in the IPG user
interface (UI). The Ul also provides for access to premium content and pay-per-view
purchasing by interacting through a two-way interface to a MSO customer management
system (CMS) 1232 and digital access controller (DAC) 1234 in the service center 1206.
The DAC 1234 generates digital encryption-related keys.

The implementational architecture 1200 also includes a bandwidth
manager (BWM) 1236. As described above, the BWM 1236 provides techniques for

more efficient utilization of the finite bandwidth available for distribution of the IPG.
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Note that the session manager 702 of Fig. 7 encompasses the functionality
of multiple components of Fig. 12, including the session manager 1228 and the
bandwidth manager 1236. Also, note that the transport stream generator 704 of Fig. 7
encompasses the functionality of multiple components of Fig. 12, including the processor

(P) and the multiplexer (M).

Figure 13 depicts a fourth implementational architecture 1300 for
managing delivery of video sequences of an interactive program guide in accordance with
an embodiment of the present invention. The implementational architecture 1300 of Fig.
13 has many similarities to the implementational architecture 1200 of Fig. 12. This fourth

architecture 1300 does not provide for encryption of the IPG content.

The fourth implementational architecture 1300 differs from the third
implementational architecture 1200 primarily in that some of the equipment is distributed
from the headend 1204 to a plurality of hubs 1302 in the distribution system. In
particular, the combiner 1216 is moved from the headend 1204 to each of the hubs 1302.
In addition, the processor (P), multiplexer (M), and modulator (QAM) are moved from
the headend 1204 to each of the hubs 1302. Thus, the functionality of the TSG 704 is
transferred to the hubs 1302.

VII. MESSAGING PROTOCOL

Returning attention to the system 700 of Fig. 7, the following describes a
messaging protocol for communicating between the major components of the system 700.
The messaging protocol is described in relation to Figs. 14-17. Although a specific
messaging protocol is described below, the present invention is not meant to be limited to

that specific protocol.

First, the “source” transport stream generator (TSG) 704 communicates to
a terminal 706 via, for example, a one-way in-band channel. The communication may be,
for example, in the form of a “demand-cast index table” within a private section of the
IPG MPEG transport stream. Fig. 14 depicts an embodiment for the content of the
demand-cast index table. The content may include: (a) a table version number (which
increments when the table content changes); (b) a list of available demand-cast streams;
(c) an internet protocol (IP) address for the source TSG; (d) a MUX channel number
within the source TSG, and (¢) a time of day and day of week.
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Second, the terminal 706 communicates with the session manager (SM)
702 via, for example, a one-way out-of-band return path. The return path may be
implemented, for example, using a user datagram protocol/internet protocol (UDP/IP)
service to connect the terminal 706 to a network controller (NC) at the SM 702. Fig. 15
depicts one embodiment for the contents of the messages sent from the terminal 706 to
the SM 702. The message content as shown includes: (a) a demand-cast stream
identification; (b) the terminal’s identification; (c) the IP address of the source TSG; (d)
the MUX channel number within the source TSG; and (e) the message information itself.
The message information may indicate: (1) an acquisition of the demand-cast stream by
the terminal 706; (2) a release of the demand-cast stream by the terminal 706; or (3) a

request for the demand-cast stream by the terminal 706.

Third, the SM 702 communicates with the source TSG 704 via, for
example, a two-way communications channel. The two-way communications channel
may comprise, for example, a TCP/IP connection over an Ethernet network. Fig. 16
depicts one embodiment for the contents of the messages sent from the SM 702 to the
TSG 704. The message content as shown includes: (2) the demand-cast stream
identification; (b) the MUX channel number within the source TSG; and (c) a
message/command from a set of messages/commands. The set of messages/commands
include: (1) demand-cast stream released (no longer acquired by any terminal); (2)

demand-cast stream requested; and (3) a reset command.

Messages from the SM 702 to the TSG 704 may be acknowledged by the
TSG 704. Fig. 17 depicts one embodiment for the contents of the acknowledgement
messages sent’by the TSG 704 back to the SM 702. An acknowledgement message as
shown includes: (a) the demand-cast stream ID; (b) the MUX channel number; (c) the
TSG’s address; and (d) the acknowledgement itself. The acknowledgement may convey
acknowledgement of : (1) release of the demand-cast stream; (2) request for the demand-

cast stream; or (3) reset of the TSG 704.
VIII. STREAM STATUS AND CONVERSIONS OF STATUS

The following relate to stream status and conversions of status in

accordance with.a preferred embodiment of the present invention. Although a specific
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embodiment of stream status and conversions of status is described below, the present

invention is not meant to be limited to that specific embodiment.
1. Stream Status Within IPG Multiplex

The TSG 704 models bandwidth usage for each IGP multiplexed transport
5  stream that it is managing. Each demand-cast stream within each transport stream may be
either active or inactive. Active streams are currently being multiplexed into the transport

stream. Inactive streams are not currently being multiplexed into the transport stream.

Figure 18 depicts an example showing statuses of active demand-cast
streams in an IPG multiplex within a TSG 704. For each demand-cast stream, TSG
10  assigns status with respect to the streams intended multiplex. Demand-cast stream status,

in context of the TSG, are:
1) ‘active’ streams are in the IPG multiplex

1.1) ‘acquired’ demand-cast streams are in the multiplex and are used by at
least one STT. They are referenced in the demand-cast index table in the
15 private section of the IPG transport stream. They are not candidates for

removal.

1.2) ‘released’ demand-cast streams are in the multiplex and are not used by

any STT. They are referenced in the demand-cast index table. They can

become ‘passive.’

20 1.2.1) ‘passive’ demand-cast streams are also technically ‘released’.
They are in the multiplex and are not used by any STT. They are
not referenced in the demand-cast index table. They are typically a
small fraction of the ‘released’ demand-cast streams. The oldest
few ‘released’ demand-cast streams are forced to ‘inactive’ status

25 by a maintenance thread. They are candidates for removal.

2) ‘inactive’ demand-cast streams are not in the IPG multiplex. They are not

referenced in the demand-cast index table. They may be inserted in the multiplex.
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Note that the TSG may remove all the ‘passive’ demand-cast streams from
their respective IPG multiplexes and replace them with null packets. It is however
advantageous to leave ‘passive’ demand-cast streams in the multiplex because if a STT

attempts to acquire it, latency will be minimized.
2. Conversions of Status
The TSG receives messages from the SM. Messages received from the SM are:
1) “request demand-cast stream”

!

2) “release demand-cast stream” The “release demand-cast stream” message
includes the maximum number of STTs that were registered to the demand-cast

Stream.
3) “reset”

1) TSG Request Demand-cast Stream

a) If the TSG receives a “request demand-cast stream” message from the SM, then the
following scenarios for activating the stream are possible. Figure 19 illustrates the

various scenarios for activation of a demand-cast stream.
i) If the demand-cast stream is currently ‘inactive’, then

In a first case, if there is a ‘passive’ demand-cast stream in the
corresponding multiplex, then the TSG removes an ‘passive’ demand-cast
stream from its corresponding multiplex, thereby making it ‘passive’ and
replaces it with the new requested demand-cast stream. The TSG adds
reference to the new ‘active’ demand-cast stream in the demand-cast index
table. The TSG assigns the status ‘active’ to the newly inserted demand-
cast stream. The TSG acknowledges SM for the “request demand-cast

stream” message by sending a “success” message back to the SM.

In a second case, if there are no ‘passive’ demand-cast streams in the
corresponding multiplex, but there is a ‘released’ demand-cast stream
therein, then the TSG forces the oldest ‘released’ demand-cast stream to

‘inactive’ status and then follows the steps described directly above.
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Finally, in a third case, if the TSG finds no ‘passive’ or ‘released’ demand-
cast stream in the corresponding multiplex, it can not fulfill the request. It
acknowledges the SM for the “request demand-cast stream” message by

sending a “fail” message back to the SM.
ii) If the demand-cast stream is currently ‘released’ or ‘passive’, then

The TSG changes the status of the ‘released’ or ‘passive’ demand-cast
stream to ‘acquired.” It acknowledges the SM for the “request demand-

cast stream” message by sending a “success” message back to the SM.

2) TSG Release Demand-cast Stream

If the TSG receives a “release demand-cast stream” message from the SM,
then the TSG acknowledges the SM by sending a “success” message. If the demand-cast

stream is currently ‘acquired’, then the TSG changes the status of the stream to ‘released.’

3) _Released Stream to Passive Stream Conversion

Removal of a ‘released’ demand-cast streams could be done, however,
such removal would be disadvantageous. Initially, the reference to the ‘released’
demand-—cast stream would have to be removed from the “demand-cast index table”, then
a few seconds later, the stream could be physically removed from the multiplex. This
delay between removal from the table and from the multiplex is necessary to prevent a
race condition where a STT is acquiring a demand-cast stream while the TSG is in the
process of removing it. Therefore, only ‘passive’ streams are removed in accordance

with a preferred embodiment of the present invention.

The ratio of ‘passive’ to ‘released’ demand-cast may be specified in the
TSG configuration file. It may be maintained as a percentage (i.e. 10% of ‘released’
streams are converted to ‘passive’) or it can be maintained as an absolute number (i.e. so

as to ensure that there are usually two or three ‘inactive’ demand-cast streams).

Figure 20 illustrates an overall process by which a released siream may be
converted to a passive stream. Methods for determining which released streams are
converted to passive streams include: an aging method and a statistical method. In the

aging method, the oldest few ‘released’ demand-cast streams are constantly converted to
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‘passive’ status by a maintenance thread. In the statistical method, the “release demand-
cast stream” messages include statistical data regarding the demand-cast stream. This
data is the maximum number of STTs that were on a released stream before it was
released. The TSG converts those demand-cast streams that have had the least amount of

users to ‘passive’ status. '
VIII. OTHER TECHNICAL ASPECTS

The following are further technical aspects in accordance with a preferred
embodiment of the present invention. Although a specific embodiment of those aspects is
described below, the present invention is not meant to be limited to that specific

embodiment.
1. Initial Conditions
A. STT

When the STT launches the IPG application, it tunes to the QAM carrying
the IPG transport stream. When the STT requests its first demand-cast stream it opens the
IPG channel with the SM. When the QAM is tuned, the STT acquires the demand-cast

index table and sends an Init command to SM.
B. SM

Initially the SM knows nothing about the IPG multiplex fed to its client
STTs. Upon receiving a first “request demand-cast stream” message from a STT, it
verifies that it is aware of the mux ID. Mux ID includes TSG IP address and mux channel
within the TSG. [t it is aware, then nothing happens. If it is not aware, the TSG opens a
communication socket with the source TSG. The SM maintains a log where it registers
all muxes that it controls. For each mux in the log, the TSG IP address and mux channel

number is recorded.
C. TSG

Initially, the TSG is configured through its own configuration file.

Configuration includes the number of demand-cast streams that can be supported by each
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IPG mux. The absolute number of ‘passive’ streams or the ratio of ‘passive’ streams to

‘released’ streams is specified in the configuration file.
2. Reset
A. SM

5 If the SM is down, upon reset, it looks-up TSG log file and sends a reset
command to the TSG.

B. TSG

When TSG receives a “reset” command from the SM, it removes reference
to all demand-cast streams in the demand-cast index table in the multiplex referenced by
10  the mux ID in the reset command. Then a few second later, the TSG removes all the

demand-cast streams within the multiplex.
C. STIT

When the STT does not “see” the PID of the demand-cast stream it is
acquiring in the demand-cast index table, it acquires a default IPG broadcast PID. If the
15  STT does not see the demand-cast index table, the STT exits the IPG application.

3. Scalability
A. TSG

Each TSG can manage more than one IPG multiplex. IPG multiplex is
referred to by the IPG address of the host TSG and the mux channel number on the TSG.

20 B. SM

SM can manage more than one TSG. Each IPG multiplex is referred to by
the IPG address of the host TSG and the mux channel number on the TSG.

C. STT

STT messages regarding demand-cast streams include demand-cast stream
25 ID, TSG IP address and the mux channel number on the TSG.
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While specific embodiments and applications of the present invention have
been illustrated and described, it is to be understood that the invention is not limited to the
precise configuration and components disclosed herein and that various modifications and
variations which will be apparent to those skilled in the art may be made in the
arrangement, operation, and details of the method and apparatus of the present invention
disclosed herein without departing from the spirit and scope of the invention as defined in

the following claims.
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WHAT IS CLAIMED IS:

1. A digital message from a transport stream generator to a terminal,
the digital message comprising:
a list of demand-cast streams that are available in a transport stream being

transmitted from the transport stream generator..

2. The digital message of claim 1, further comprising:
a digital address for the transport stream generator; and
an identifier for a multiplexer channel within the transport stream

generator.

3. The digital message of claim 1, wherein the digital message

comprises a table that is communicated in a private section of a transport stream.

4, The digital message of claim 3, further comprising a table version

number which is incremented when the digital message changes.

5. A method for communicating from a transport stream generator to
a terminal, the method comprising: .
sending to the terminal a list of demand-cast streams that are available in a

transport stream being transmitted from the transport stream generator.

6. A method for communicating from a terminal to a session
manager, the method comprising:

sending to the session manager an acquisition message when the terminal
acquires a demand-cast stream that is available;

sending to the session manager a release message when the terminal
releases the demand-cast stream; and

sending to the session manager a request message when the terminal needs

to acquire a demand-cast stream that is unavailable.

7. A method for two-way communications between a session manager
and a transport stream generator, the method comprising:
sending to the transport stream generator a stream released message when

there are no longer any terminals acquiring a demand-cast stream; and
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sending to the transport stream generator a stream requested message when
a terminal requests a demand-cast stream that is not currently provided by the transport

stream generator.

8. The method of claim 7, further comprising:

sending a stream released acknowledgement message from the transport
stream generator to the session manager in response to receiving the stream release
message; and

sending a stream requested acknowledgement message from the transport
stream generator to the session manager in response to receiving the stream requested

message.



PCT/US01/02452

WO 01/56272

oG |

.,ﬁ.ﬁx ?,.lw BN W)Ssl\

M/.Ww?dv %i..w,amv wﬁ;.mh‘m




PCT/US01/02452

WO 01/56272

2/19

gz "9
.um.mlm. £,Go)ed0 ). A&,&«u wﬁv@ww FTHDPrown 804 X2

vz 5
ooz E%& (wspeag) gTwpoweq YSRY Wy
Rac 0T, «Kﬂmwaw\/ 2 MM@« ) w
Fafo
7 1 IS woPS  PwWe 5o

ﬂﬁi«ﬁ”&w < w% iﬁawusw < .w.\M m%.\‘gwm | < L\WWW\MM W
2Y0a) {
soores| | e e | e |

e i e



PCT/US01/02452

WO 01/56272

3/19

g5

92 by

M« N,./QQ Ema:w- ﬁL#Adu 3@«»&.@@ lwrm#q%(?w/i\uﬂ (zww& 1(3\ww

ﬂ =l oo

|51 — . 8 oreu
—— li/f/

wi == =~
.Nm.m av?mb@ \. ‘

Ve g
IQInQJW. 1oiﬂw(s ml ham&,.uﬁm@k.\.uz\ - kx?u«?\dfxuﬂ M3NA %(3%

L 0& T

o0&
~ D% - a8 30 oY al
b?o(lw ﬁqvuﬁom 24L +=

y.:%...% w.ﬁwﬂua-vx%lﬁ.fww 1 A ..%%.}.UV_JOQ(\I\?”/L @Nj
?

un o4 frRaw ot (G)7%vd

| 577 &h Py | 234 pass

e et ot e w

r

PR ﬁﬂ&»tum.




PCT/US01/02452
4/19

WO 01/56272

sh b

o Sty |
k\.ﬁjomo,k @m?ﬁcwomq .,.g,?eia@ VEeBY _p L)
| 201 T
oy hol e
QA”?;! , e
— <l 3H
30 . .
Y& .mﬁ
OQde

ST (ASTWNE) R (1 YY)
r X

7e7 | heW® 2@
ﬂ. p
- ALT Sensorbay
Jeh™e
Doyiganbay ot oy 893 941 o A4S
A $ a0 J A 7 pori1a723y
Frrryasay oy pproyy d%wd 5 T
a%d 941 YA I , 29y ya0boy

e S N e



PCT/US01/02452
5/19

WO 01/56272

g3 S
25¢ m,ﬂfou ol m/ SSITISIIY .v = §99 P2 g pYerds

v gy

oos _34,@,& (GFPONINI) 4TIPRQ N PYRS

M 928 | hos 205
: < - . A‘
. L.erW Y ¥k w..%?y(p o —
s Sagsertay ol «Mm )
T~ o) e
/wﬁsm_\»&w«uf ! &.bgmw : «;U MG I e oLw. pon 12722
N BEAE op Bed (7} ] m . _
L P2 ppese o ﬂ 2%»d 9971 |

GL,\ Payvie //lwu

T P

marms = . aecy .

A uwmwdd\.u

.ﬂ v d 99T

S




PCT/US01/02452
6/19

WO 01/56272

g9 7

P AGopads) SSowvs g5 %b\mééa g P

901 2pou

e

N.\\.w‘wmm |
| g s vo Sy

i /M/a..? nw . o A
M DAL 5P | \W’QW T@A.,_...@mﬁ A,mur;&@c_w swwamu,.mcz.@v \V»@J?SSD \\ w .ﬁ (Cv
L.Ls ¥Vt
_mJ ELY, 2902 h97 s T

..,.L.W N ._meuﬂww.d,mﬁw PSSPV, JERCETN WPW »M.a ECW\ B

) 2 [t 7 o 1LS 5T op oy TP P & )

wsro wrzAns | & 94T 7S R WSwLL o} 2%md 20T
[ J e nf\Hs@[i <%y yacboy Gud 54T prodissy wnopogg suy by /

S




PCT/US01/02452

7119

FER) 29 by

—
879 )

wosdons 39

LOSTWRMY 9 LV

WO 01/56272

l'l.l".l\\l!"l\llvll\\\
799

L9 1299

277

o ys v 6&;/7/ S f
)

&
NS (5) 15
. %Y

1
HPAPRU AT I o

NFriveny 3w wWDLS Mooy VN

SSIVLY 1S

pve ereasys payogev 9l

wmep sy




PCT/US01/02452

WO 01/56272

8/19

oo L

4 AN

\ net gé&% v/
A s
V\Q/\N,um _ CH LR #Lunw‘.w)\gm\,

e




PCT/US01/02452

WO 01/56272

9/19

g %

S v
(3seopeoiq JuB)sUOD Ul SJOIS SW JO #) X (Jojs awi Jad sabed Jo #) = sebed }SeopeoIq JUBJSUOD JO #

sabed jseopuewap Jo # + sebed Jseopeolq juelsuos o # = }seopeolq ul sebed Jo #

‘sabed jseopeolq Ajjuejsuod puoiaq " Iseopeolq Apuejsuoo ale sebey
xuyew abed spinb uj arsymiue ale sebed xiew obed epinb ul speaye-y00j
-sabed gg = sebeq Jseopuewsq sinoy jusoelpe ¢ + aw Jualind aie sebey

'sobed Oy = sabed iseopeolg jueisuo)

oL uo 0w 001 W 0oL Yo 00k Yo 00} o

EWw i €6 U £6 Yo £6 W £6 U

Zuwo Zw By 26U 2B 264

LW L 16 42 16U 6w 16U
wdpo:) wdgo:L wdpo:} wdoo:Zi wepo:L} wego:oL

oL og w2 og U ogu os w2

EYo prdts) £Zuo sZuo £Zw

zw FrAt Al e T

Ly LZyo 1Zw lzyw 1zu
wdoo:} wdoo:t wdgo:zL wego:t L weooio)L

Ol o . o0z Yo oz o ozw | oz e

W ’ gLy ) gL u gL

Zu Ziyo ZLy Ly W

Lo Lyo L 1w 1w
wdootp wdpo:} wdpo:zL wego:L L weppio)

ok W orw 01 W oLy oL oL

gw euw sy £y sy . £y

EAT) Zw Zuo Zw zu Tw

Lo by LW Ly Ly L
dgo:l wdpo:) wdpo:1 wdoo:zL wegoihy | wepo:ol




PCT/US01/02452

WO 01/56272

10/19

0sd
/

\0b T 50 @H_ ~ob

S

Az:w

[

6L pated (0g:1)ubusT]
wdng:e-spu Wdg-wElS

sfingy peg ay Joj Bupunty s80D siefoy Aoy

Ew_zok_..:%mm%y NdST

1HOINOL TIva3SYE
1HOINOL Tiva5vE

—8-0 _..W

8

ozt |

(aNROS HLIM)

Ju3H O3AIA

HALTEHS JWAID
AHIAQQSIA 0TI
Ad3AOOSId dTIM

o510 ~—~—-oub
L

“FONIHLOL OIHYW
SIHINEDAA NI TR -S1OHS DI
SIHENEDA0 NI TH SIOHS DI

Wy  —ooib
9

JHISSOH)
SNMEN 0THOM
SMANINIAYZH

NNO  ~—~—g-01b
g |

SMAN
fISALONIN 09
1| SSLNNINGY

mwo J/«-o_w

OINLS SHOLOYIHLAAISNL
aivd NOHS MiNva HLNOS
/ MOHS YNvE HINOS

o ~—g-oth
€

SHID0H AQH 'STVHL AddVH
SHIDOH AQH SIVHL AddVH
SHADOH AQH ‘STivHE AddVH

owg. A

%zsmEon_m
NO .
I

6E—y():8
SaM STAON SINVA

‘ 2 Mr%mnm ,VF
eed wm@ﬂ. wamm %&ﬁ

zek

SMIN
. A3dvoM3ud
JIHNIM HYHdO

om<</$ 0

00:6 02:8 008

\, [ /

N502 950k vs0h



PCT/US01/02452

WO 01/56272

11/19

Qeel

H2om¥y?N J Cs%.?x.%
Lres WA

!

ogl e
‘Jﬁui.\uw\ WOW.(”WW 890 M
:

!

_2G mu,?_winwh,

(943)3rd &L

g L/H ) AW

YA LIRIRAAT,

-
i
|

—
g

e e e SRRSO it et s

hepT

i \ﬂ@&«gé Oc.:j

\S %Cumo.am

Y

S w0l f\/
(§00) Prvd - y0- 179

7.0\

p
- PR

2 20 Qd £
\\\u.ﬂ;a/.}q& JNJ ﬂ

RE% .Sm.x
lovﬁJﬁ.v



PCT/US01/02452

WO 01/56272

0all i oI
|
’ m - e
r 5501 |
] GRS
(Fd3)eres 1L
{ wrelSasy | J g.w.,iw
f AR, PO
; [ T
w r#yﬁﬁm . , ! i o o ~
o0 LoETle b - s _v I _
2 Na_,wwwﬁﬂ;s;nwwumma. w . [ oefl | nues (Gaa) KT
=] L = ! N o DU B
Lo — ozl 7201 BEIEY miﬁgi Pin |
¥ th ,m.fwww ) ?Sﬁ;m &> xM\
ES 3 -vi m ww o Wi peg | T . %
e | isatine & > oot i
wﬂ. 1 W m(\w@&..(s:u Counla M
Ky frwrs ||
: ] \ LA
| 2 ;’ — |
o " 0NN | Syl | T Sy V4
| 29 e < oo
mﬂwtawv 390 (§90) Prvs- yo- 109 / | - } M/
{wR) J8)-495 \ W, . / T ha ﬂ
{ . : ]

> R
| . “Ol Py - PR

somal BOS]/ PrgVL don

I




PCT/US01/02452
13/19 ’

WO 01/56272

0o\ LG,

h oz T °T)\
puspesy - 48jU8] ©d| 8307
uswdinb3 OSW Jojelsusg i
Wwejuey odi alnpayos 2
i uoPPY Odi -~ 71 Eieq sping
I LAT T ToRES Odi
PIE/OSW
-
o12)
- 81z Ewh_wg |2z |afwlo waysAs QoA
oo ¢
5 OSW
QT4
.ﬁmowmw__m EREIE]
Q7 : : puig
m U..N ~ nw 5 Haqosgns
g A
\Nld N ddy aaneN
ﬁ ady R
22l ~H
! T T A .s_o ON ava $ OSW N\ JMA\
ddy ddy * b e o
" \ Y aon v 9di 3800 wem.-.&‘/
. I
MAP, ﬁ g > Biian solnieg
: | SomEeN
800 Fyozy

puequ) 40



PCT/US01/02452
14/19

WO 01/56272

00%) <\ .Awﬁ

T
T=T0%l zaw &
2| = |a
z
]
50 ) 2oz |
.‘_NQ_\n_#EWO ﬂr._mvmm_._ J8jua] Odl jedoo
J0jRI5USD) 1
Sdl
- - Yz 8Inpalds g
) ~TQTl v somos 0“_ Bl2q 9PIND
wewdinb3 OsW _

S22

S : e 1usjuo) L olz\
) et Aued wa)sA!
PIE/OSIN Wajuon we 151S GO
~Add UupPpY 9dI
O AN 1)<l “seopeolg
Leau L1 Jsuiquon
pueqU| ofs
Aisnjea mMmtmE_ —  9< .N/
H Wsjuo) W T = ullig
: S oS o M\.ﬁy Haguosgns
mA e g ! \
w s Vv&\.ﬂ \
J‘\F\P ‘d e~}  ddyenen
add
e A R L wo oz( ova K3 SWo -5
M_W “_w \_M.d/ OSW NS i )
;  don oo db3 800 Ny e
2T 5
7 ) ) Bite) soines
! OMIBN
- QT

800
puequ a0



WO 01/56272 PCT/US01/02452
15/19

TSG-to-Terminal Communication:

Contents of Demand-Cast Index Table

table version number (incremented when table content changes)

list of available demand-cast streams

IP address for the source TSG

MUZX channel number within the source TSG

time of day and day of week

Fig. 14

Terminal-to-SM Communication:

Message Content

demand-cast stream ID

terminal ID

IP address for the source TSG

MUZX channel number within the source TSG

message information (acquisition, release, or request)

Fig. 15
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SM to-TSG Communication:

Message Content

demand-cast stream ID

MUZX channel number within the source TSG

message/command (stream released, stream requested, or reset)

Fig. 16

TSG-to-SM Communication:

Message Content

demand-cast stream ID

MUX channel number within the source TSG

IP address for the source TSG

acknowledgment (of stream release, of stream request, or of reset)

Fig. 17
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