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METHOD AND SYSTEMS FOR DATA
TRANSMISSION

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 11/531,728, entitled “METHOD AND
SYSTEM FOR DATA TRANSMISSION,” filed Sep. 14,
2006, which is hereby incorporated herein by reference in its
entirety.

FIELD

[0002] This application relates generally to the field of elec-
tronic communications and, in an example embodiment, to a
method and system to transmit data.

BACKGROUND

[0003] An internet protocol (IP) delivery system (e.g., to
provide video content and/or directory data) may use a mul-
ticast data transmission protocol to improve scalability. Much
of the data delivered in the system may be hierarchical in
nature, such that certain data in a data set is received before a
receiver can make use of the remainder of that data set. The
receiver typically waits for an access point (e.g. the starting or
top element) in the data set to enable processing of the
remaining elements of the data set. Waiting for an access
point may introduce an undesirable delay, which can
adversely affect a receiver’s performance and an experience
of a user of the system.

BRIEF DESCRIPTION OF DRAWINGS

[0004] Embodiments are illustrated by way of example and
not limitation in the figures of the accompanying drawings, in
which like references indicate similar elements and in which:
[0005] FIG.1isablockdiagram ofasystem for distributing
data to a switch/router in accordance with an example
embodiment;

[0006] FIG. 2 illustrates a diagrammatic representation of
an example interactive television environment;

[0007] FIG. 3 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for providing data to a
requester;

[0008] FIG. 4 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for selecting a data rate;
[0009] FIG. 5 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for selecting initial data;
[0010] FIG. 6 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for selecting buffered
data as initial data;

[0011] FIG. 7 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for selecting intermedi-
ate join data as initial data;

[0012] FIG. 8 is a flowchart illustrating a method, in accor-
dance with an example embodiment, selecting intermediate
join data as initial data;

[0013] FIG. 9 is a flowchart illustrating a method, in accor-
dance with an example embodiment, for identifying data as
an access point;

[0014] FIG. 10 is a flowchart illustrating a method, in
accordance with an example embodiment, for receiving a
channel;

[0015] FIG. 11 is a flowchart illustrating a method, in
accordance with an example embodiment, for receiving a
directory;
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[0016] FIG. 12 is a flowchart illustrated a method, in accor-
dance with an example embodiment, for encoding video con-
tent;

[0017] FIG. 13 is a schematic representation of a frame in
accordance with an example embodiment;

[0018] FIGS. 14-17 are schematic representations of a
series of frames in accordance with example embodiments;
[0019] FIG. 18 is a block diagram of a video distribution
system employing non-adaptive streaming using a point-to-
point communication protocol in accordance with example
embodiments;

[0020] FIG. 19 is a block diagram of a video distribution
system employing adaptive streaming using a point-to-point
communication protocol in accordance with example
embodiments;

[0021] FIG. 20 is a block diagram of a video distribution
system employing non-adaptive streaming using a multicast
protocol in accordance with example embodiments;

[0022] FIG. 21 is a block diagram of a video distribution
system employing adaptive streaming using a hybrid multi-
cast/point-to-point protocol in accordance with example
embodiments;

[0023] FIG. 22 is a diagram of multiple video streams for a
channel in which chunks of each stream align with groups-
of-pictures in accordance with example embodiments;
[0024] FIG. 23 is a diagram of multiple video streams for a
channel in which chunks of each stream do not always align
with groups-of-pictures in accordance with example embodi-
ments;

[0025] FIG. 24 is a block diagram of a switch/router of a
video distribution system in accordance with example
embodiments;

[0026] FIGS. 25-29 are flowcharts of methods of operating
aswitch/router to distribute video data to at least one device in
accordance with example embodiments;

[0027] FIG. 30 is a block diagram a video distribution sys-
tem employing multiple levels of switch/routers in accor-
dance with example embodiments;

[0028] FIG. 31 is a flowchart of another method of operat-
ing a switch/router to distribute video data to at least one
device in accordance with example embodiments;

[0029] FIG. 32 is a diagram of a video data hierarchy in
which at least some of the video data hierarchy is removed
before transmission in accordance with example embodi-
ments;

[0030] FIG. 33 is a diagram of a video data hierarchy in
which more of the video data hierarchy is removed in com-
parison to the video data hierarchy of FIG. 32 before trans-
mission in accordance with example embodiments; and
[0031] FIG. 34 illustrates a diagrammatic representation of
machine in the example form of a computer system within
which a set of instructions, for causing the machine to per-
form any one or more of the methodologies discussed herein,
may be executed.

DETAILED DESCRIPTION

[0032] In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of an embodiment of the
present invention. It will be evident, however, to one skilled in
the art that the present invention may be practiced without
these specific details.

[0033] Data may be transmitted through a networked sys-
tem (e.g., an interactive television system) that is received by
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a receiving device (e.g., a switch/router) and distributed to
one or more intermediate devices, ultimately for presentation
on user devices. In an embodiment, the receiving device may
attempt to de-jitter the data retained within a buffer by select-
ing a known data rate, selecting a provided data rate or cal-
culating the data rate so that the retained data may be provided
at a fixed data rate.

[0034] The transmitted data may be hierarchical, where
portions of the data may use an access point to decode prior
and/or subsequently received data. In an embodiment, the
receiving device may provide one or more additional access
points in the data that it provides to the intermediate device,
which may enable faster access to the hierarchical data.
[0035] In response to data requests, the receiving device
may provide initial data and additional data to enable the
intermediate device to present the content. The initial data
may include an access point, which may be used to enable
decoding of remaining initial data and/or the additional data.
[0036] In an example embodiment, the initial data may
include intermediate join data that includes data that has been
identified as access points. Retained data may also be used to
reconstruct one more access points on the receiving device as
intermediate join data.

[0037] In an example embodiment, the retained data may
be buffered on the receiving device in segments starting at an
access point that may be provided as the initial data.

Example Data Distribution System

[0038] Referring to FIG. 1, an example embodiment of a
system 100 for distributing data to a switch/router is illus-
trated. A data source 102 may provide data to a network
device (e.g., a switch or router 104) over a network 103. In an
example embodiment, the data source 102 may aggregate
data from a number of sources of data.

[0039] In an example embodiment, the data may include
media such as video content in the form of a movie or televi-
sion program and/or digital music content such as an MP3
file. In an example embodiment, the data may be sequential,
such as frames of video content. Further, the data may be
hierarchical such that encoding of successive frames and/or
packets of the data may use data relative techniques. Such a
hierarchical technique may be used with compressed video
content. In an example embodiment, the data may provide a
video game, a patch file, an interactive application data, and/
or the like. In an example embodiment, the data may include
informational content. It should be appreciated that other
types of data may also be used with the system 100.

[0040] The switch/router 104 may route data to and receive
data from devices such as the intermediate devices 108.1,
108.2 through the network 103. The network 103 may include
a private network, a public network such as the Internet, an
access network, or combinations of the private network, the
public network and/or the access network. In an example
embodiment, the switch/router 104 may include a Digital
Subscriber Line Access Multiplexer (DSLAM).

[0041] The network 103 may be an internet protocol (IP)
network, a telephone network, a cable network, a core deliv-
ery network, or any other network to deliver digital data. Inan
example embodiment, the data may be provided to the switch/
router 104 over the network 103 via a multicast transmission
protocol, a unicast transmission protocol, or any other proto-
col suitable for communicating digital data.

[0042] The switch/router 104 may be located at a home or
a business location and may be an edge router. In an example
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embodiment, the switch/router 104 may inspect incoming
packets of data to determine a packet type and take type-
specific action.

[0043] In an example embodiment, a size of one or more
buffers of the router/switch 104 may be pre-defined on the
switch/router 104. The size of one or more buffers of the
switch/router 104 may, however, be determined empirically
by the switch/router 104. In an example embodiment, the size
of the buffer may be sufficient to retain initial data to be sent
to a requester. For example, the size of the buffer may be
sufficient to retain a group of pictures (GOP) or its equivalent.
In an example embodiment, the size of the buffer may be
sufficient to retain a span of data between two access points.
[0044] A non-networked intermediate device 108.1 may
provide the data to a user device 106.1. Examples of the
non-networked intermediate device 108.1 include a set top
box (STB), a digital video recorder (DVR), a video decoder,
a computer system, and the like. A networked intermediate
device 108.2 may provide the data to a number of user devices
106.2-106.%. Examples of the networked intermediate device
108.2 may include a STB, a DVR, a video decoder, a com-
puter system, a server, and the like. For example, the net-
worked intermediate device 108.2 may include a STB and the
user devices 106.2-106.%2 may be televisions. For example,
the STB may distribute received content to multiple televi-
sions within a home or connected to a network.

[0045] It will be appreciated that the intermediate devices
108.1, 108.2 may be located at a single location, such as a
home or a place of business occupied by an operator of the
user devices 106.1-106.7.

[0046] In an example embodiment, the intermediate
devices 108.1, 108.2 may transmit received data to other
devices including additional intermediate devices 108.1, 108.
2. For example, the intermediate devices 108.1, 108.2 may
retain received data.

[0047] The user devices 106.1-106.7 may include any dis-
play device (with or without receiver capability) including
televisions, monitors, computer systems, digital media play-
ers, gaming devices, mobile phones, personal digital assis-
tants (PDAs), and the like. Software may be provided on the
user devices 106.1-106.» to configure the devices 106.1-
106.7 to render media content to a user.

[0048] In an example embodiment, the user device 106.1
may be combined with the intermediate device 108.1 in a
combination device.

Example Interactive Television Environment

[0049] FIG. 2 is a diagrammatic representation of an
example interactive television environment 200. The interac-
tive television environment 200 may be implemented in the
system 100 (see FIG. 1). The interactive television environ-
ment 200 may include a source system 212 that communi-
cates data (e.g., television/video content data and interactive
application data) via a distribution network or system 214 and
one or more modulator boxes 270 to a receiver system 216. In
other example embodiments, the modulator box 270 may be
replaced with (or include) a PCI board, a USB dongle or the
like. In one example embodiment, the interactive television
environment 200 may optionally include a storage unit 272
(e.g., personal computer) that communicates stored data via a
network 274 to the modulator box 270 which, in turn, com-
municates the stored data, television content data, and inter-
active application data to the receiver system 216. The modu-
lator box 270, the storage unit 272, and the receiver system
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216 may be co-located in a subscriber’s home. Thus, in one
embodiment, the modulator box 270 may combine television
content data and interactive application data received from
the remote source system 212 with local stored data provided
by the storage unit 272 provided at the subscriber’s home. It
may be appreciated that the storage unit 272 may be any
computer device running appropriate software (e.g., Linux or
Microsoft Windows). In an example embodiment, the modu-
lator box 270 may be located within a head-end system 218.

[0050] Turning first to the source system 212, an example
headend system 218 operates to communicate the data as a
broadcast transmission. To this end, the headend system 218
is shown to include one or more broadcast servers 220 and,
optionally, one or more application servers 222. Each of the
broadcast servers 220 may operate to receive, encode, pack-
etize, multiplex, modulate, and broadcast data from various
sources and of various types. While the example embodiment
is described herein as transmitting data from the headend
system 218 as a broadcast, it will be appreciated that the
relevant data could also be unicast or multicast from the
source system 212 via the distribution system 214 and the
modulator box 270 to the receiver system 216. In various
embodiments, data could also be transmitted from the source
system 212 via a network connection to the receiver system
216.

[0051] Each application server 222, in one example
embodiment, may serve to compile and provide interactive
data modules to the broadcast server 220. The interactive data
modules may also include data that is utilized by an interac-
tive television application. An application server 222 may
also include multiplexing functionality to enable multiplex-
ing of, for example, interactive television applications and
associated data with audio and video signals received from
various sources. An application server 222 may also have the
capability to feed (e.g., stream) multiple interactive television
applications to one or more broadcast servers 220 for distri-
bution to the receiver system 216. To this end, each applica-
tion server 222 may implement a so-called “carousel”,
whereby code and data modules are provided to a broadcast
server 220 in a cyclic, repetitive manner for inclusion within
a transmission from the headend system 218. In other
embodiments, code may reside permanently in the set-top
box 238 (e.g., the code may be stored in non-volatile memory
of the set-top box 238), may be pushed or downloaded to the
set-top box 238, or be provided to the set-top box 238 in any
other manner. In an example embodiment, the application
servers 222 may communicate directly with communications
I/O interface, such that inputs may be multiplexed from
broadcast servers 220, data servers, and application servers
222 to generate various broadcast streams.

[0052] The headend system 218 is also shown by way of
example to include one or more backend servers 224, which
are coupled to the application servers 222 and to a commu-
nications I/O interface in the example form of a modem pool
226. In an example embodiment, the communications 1/0
interface may be a network interface, such that IP traffic is
provided for an entire path to a DSLAM or equivalent. In the
example modem pool configuration, the modem pool 226
may be coupled to receive data from the receiver systems 216
via a network 228 (e.g., the Internet) through a switch/router
229 and to provide this data to the backend servers 224. The
backend servers 224 may then provide the data, received from
the receiver system 216, to the application servers 222 and the
broadcast servers 220. Accordingly, the switch/router 229,
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network 228 and the modem pool 226 may operate as a return
channel whereby a receiver system 216 is provided with
interactivity with the source system 212. Data provided to the
headend system 218 via the return channel may include,
merely for example, user input to an interactive television
application executed at the receiver system 216 or data that is
generated by the receiver system 216 and communicated to
the source system 212. It will however be appreciated that any
data may be communicated via the return channel (e.g., sta-
tistical data, data metering user viewing selections, etc.). The
return channel 230 may also provide a channel whereby pro-
grams, targeted advertisements/commercials, and applica-
tions from the source system 212 are provided to the receiver
system 216.

[0053] Within the source system 212, the headend system
218 may optionally to receive data (e.g., content, code and
application data) from external sources. For example, FIG. 2
illustrates the headend system 218 as being coupled to one or
more content sources 232 and one or more application
sources 234 via a network 236 (e.g., the Internet). For
example, a content source 232 may be a provider of enter-
tainment content (e.g., movies), a provider of real-time
dynamic data (e.g., weather information), a plurality of tar-
geted advertisements, prime time viewing advertisements, or
the like. An application source 234 may be a provider of any
interactive television application. For example, one or more
application sources 234 may provide a TV Media Player
Application, Electronic Program Guide (EPG) and naviga-
tion applications, messaging and communication applica-
tions, information applications, sports applications, and/or
games and gaming applications.

[0054] Turning now to the example distribution system
214, the distribution system 214 may, in one embodiment,
support the broadcast distribution of data from the source
system 212 to the receiver system 216. As shown, the distri-
bution network or system 214 may comprise a satellite, cable,
terrestrial or Digital Subscribers Line (DSL) network, or any
other data communication network or combination of such
networks.

[0055] The receiver system 216 is shown, in one example
embodiment, to include a receiver device in the example form
of a set-top box (STB) 238 that receives data (primary and
secondary content streams) via the distribution system 214
and the modulator box 270, a communications I/O interface
in the example form of a modem 240 for return channel
communications with the headend system 218. It will be
appreciated that the communication I/O interfaces 226, 240
may be selected dependent upon the nature of the network
228. For example, the communications 1/O interfaces 226,
240 may include a cable return module, a DSL return module,
or the like. The receiver system 216 is also shown to include
other optional external systems such as a user input device
243 (e.g., a keyboard, remote control, mouse etc.) and a
display device 242, coupled to the set-top box 238, for the
display of content received at the set-top box 238. In one
example embodiment, the display device 242 may be a tele-
vision set.

[0056] The set-top box 238 may execute three layers of
software, namely an operating system 244, middleware 246
and, optionally, one or more interactive television applica-
tions 248. The middleware 246 may operate to shield the
interactive television application 248 from differences of
various operating systems 244 and differences in hardware of
different set-top boxes 238. To this end, the middleware 246
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may provide driver Application Program Interfaces (APIs)
and a library to translate instructions received from an inter-
active television or stored data application 248 into low-level
commands that may be understood by set-top box hardware
(e.g., modems, interface ports, smart card readers, etc.). In
one example embodiment, the middleware 246 may include
extraction functionality to extract a selected tertiary video
stream. For example, the middleware 246 may include crop
and scale functionality to crop a portion or subset of an active
display area provided by the secondary video stream, and
scale the cropped portion or subset for display on the display
device 242 so as to encompass an entire display area of the
display device 242.

[0057] The modulator box 270, in one example embodi-
ment, may receive stored data from the storage unit 272 and a
broadcast transmission from the source system 212. The
modulator box 270 may multiplex the stored data into the
broadcast transmission thereby generating a second transmis-
sion that is communicated to the receiver system 216. It will
however be appreciated that storage unit functionality is
optional. The storage unit 272 may store data and, upon
request, communicate the stored data to the modulator box
270 over the network 274 (e.g., Ethernet). The storage unit
272 may communicate the stored data in response to com-
mands that are entered by a user from the set-top box 238 and
communicated to the storage unit 272 over the link 276. The
link 276 may be any wired or wireless link over which digital
data may be communicated (e.g., an 802.11x link, a USB link,
an IEEE 1394 link etc.).

Example Method of Receiving and Providing Data

[0058] Referring to FIG. 3, a method 300 in accordance
with an example embodiment for providing data to a
requester is shown. In an example embodiment, the data may
be a number of frames of video content from a television
channel. The data may be hierarchical data (e.g., of a hierar-
chical data type) in which interpretation and/or use of future
data depends on previous data. The method 300 may be
deployed in the system 100 and the interactive television
environment 200 (see FIGS. 1 and 2) and, accordingly, is
described by way of example with reference thereto.

[0059] Data may be received from one or more data sources
102 and retained within a buffer of the switch/router 104, 229
(see FIGS. 1 and 2) at block 302. In an example embodiment,
hierarchical data received from a data source may be retained
in a buffer.

[0060] For example, data in the form of video content may
be received via a multicast transmission protocol or a unicast
transmission protocol from the data sources 102.

[0061] A data rate may be selected for the retained data at
block 304. Selection of the data rate may be context sensitive.
Thus, for example, the data rate may be calculated for audio
content and/or video content (time sensitive content) but may
not be calculated for web pages (which are less time sensi-
tive). The data rate may be a fixed or a variable data rate. Inan
example embodiment, the data rate may be calculated. A fixed
data rate may, for example, be selected for retained hierarchi-
cal data in the buffer.

[0062] A data request may be received by the switch/router
104,229 at block 306. The data request may include a request
for video content of a channel (e.g., a multicast join request).
[0063] In response to the data request, initial data may be
provided from the switch/router 104, 229 to a requestor at
block 308. In an example embodiment, the initial data may
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include an access point of a data set. The initial data may be
the data starting from a first access point until a second access
point. For example, the initial data may be a frame of video
content designated as a GOP start marker and subsequent
frames of the video content until another frame is designated
with the GOP start marker. In an example embodiment, the
initial data may include frames of the video content that can
be used to decode subsequent frames in the data stream of the
video content until a next access point is received. The initial
data may include intermediate join data, buffered data, and/or
delayed data. An example embodiment of providing initial
data to the requester is described in greater detail below.
[0064] The initial data may include a first packet of an
object being transmitted that may be designated as segment 0
(zero) and contain information regarding size and nature of
the packetized object which may be first used to download
and/or reconstructing the object.

[0065] The initial data may be provided at block 308 at the
selected data rate selected at block 304 and additional data
may be provided to the requester at block 310. The initial data
may be provided in parallel to the additional data and, option-
ally, may be provided at a lower quality. For example, the
additional data may be one or more frames of video content
after the initial frames of video content are provided for the
channel. The additional data may be provided at block 310 at
the selected data rate.

[0066] In an example embodiment the operations of block
304 and block 306 may occur in parallel, such that the data
rate need not be selected before receiving a data request.
[0067] At decision block 312, the method 300 may deter-
mine whether another new data request is being provided. If
another data request is being provided, the method 300 may
return to block 302. If the new data request is not being
provided, the method 300 may return to block 310.

[0068] In an example embodiment for hierarchical (or
sequential) data sets, the switch/router 104, 229 may start
buffering with a first packet in a sequence or hierarchy as an
access pointin a data set. Depending on the type of data being
processed, the access point may either be explicitly signaled
to the switch/router 104, 229, or derived from the data itself
through inspection. Whenever a new user joins a multicast of
the hierarchical (or sequential) data, the switch/router 104,
229 may start outputting information from a last start packet
of data rather than a last packet of data received. In the event
that no packet start marker is found in the multicast buffer, the
switch/router 104, 229 may pass data through by reverting to
an unbuffered mode.

[0069] In an example embodiment, each device receiving
the initial data at block 308 may receive the same initial data
within a certain time period (e.g., before new initial data is
contained within a buffer). For example, instead of each
requesting device receiving the additional data and waiting
until an access point is received before rendering the data, the
devices may instead render data as soon as the initial data is
received (e.g., by the switch/router 104, 229). The additional
data provided at block 310 may then be received and/or pro-
cessed by the device at a slight delay so that the data is
provided continuously.

[0070] Inanexample embodiment, selecting the datarate at
block 304 and providing data at the selected data rate at
blocks 308, 310 may reduce data rate variations.

[0071] The assignment and management of buffers on the
switch/router 104, 229 for various multicasts may be simpli-
fied by providing explicit signaling to the switch/router 104,
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229. For example, configuration information may be sent to
the router 104, 229 out of band using a remote management
scheme to identify buffered multicasts and associate a par-
ticular buffer size. In an example embodiment, explicit mark-
ing of multicasts by information embedded in the multicast
may be used to indicate properties such as stream priority and
data set size.

Example Methods for Transmitting Data

[0072] Referring to FIG. 4, a method 400 in accordance
with an example embodiment for selecting a data rate is
shown. In an example embodiment, the method 400 may be
performed at block 306 of the method 300 (see FIG. 3) and
may operate on the switch/router 104, 229 (see FIGS. 1 and
2).

[0073] A determination may be made at decision block 402
as to whether an attempt to de-jitter the data should be made
(e.g., by stabilizing a data rate at which the data may be
provided). In an example embodiment, the data may be a
frame of video content and the data rate may be a frame rate
of video content.

[0074] Ifno attempt is made to de-jitter the data at decision
block 402, the method 400 may proceed to select a non-fixed
rate for the data as the selected rate (see block 416). For
example, the non-fixed rate may be the rate at which the
switch/router 104, 229 receives the data. If the method 400
attempts to de-jitter the data at decision block 402, the method
400 may proceed to decision block 406.

[0075] The method 400 may determine at decision block
406 whether the date rate for the data is known. If the data rate
is known, the method 400 may select a known data rate as the
selected data rate at block 408. For example, the data rate may
be known when the switch/router 104, 229 is accessing con-
tent from a known content source. If the desired date rate is
not known at decision block 406, the method 400 may pro-
ceed to decision block 410.

[0076] At decision block 410, the method 400 may deter-
mine whether the data rate has been provided. If the data rate
has been provided, the method 400 may select a provided data
rate as the selected data rate at block 412.

[0077] In an example embodiment, the provided data rate
may be received from external signaling. The provided data
rate may be embedded within a data stream using, for
example, a data tag. If the data rate has not been provided at
decision block 410, the method 400 may proceed to decision
block 414.

[0078] The method 400 may determine at decision block
414 whether the data rate can be calculated. If the data rate can
be calculated, the method 400 may calculate the data rate at
block 418 and select the calculated data rate as the selected
data rate at block 420. For example, the method 400 may
calculate the data rate by analyzing an average data rate for a
data stream. If the data rate cannot be calculated at decision
block 414, the method 400 may proceed to block 416. Depen-
dent upon the outcome at decision blocks 402, 406, 410, and
414 the method 400 may terminate after blocks 416,408,412,
416 or block 420 respectively.

[0079] Referring to FIG. 5, a method 500 in accordance
with an example embodiment for selecting initial data is
shown. In an example embodiment, the initial data at block
308 (see FIG. 3) may be selected utilizing the method 500.
[0080] The method 500 may determine whether a selection
of intermediate join data as the initial data is available and/or
desirable at decision block 502. The intermediate join data
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may act as a synthesized access point to enable access to
additional hierarchical data without first receiving an access
point of the additional hierarchical data. For example, the
access points may provide anchors that reset an interpretation
process and initialize an internal state of an interpreter of the
hierarchical data. The intermediate join data may be in the
form of one or more intermediate join frames that may be
retained for use on the switch/router 104, 229 (see FIGS. 1
and 2).

[0081] If the intermediate join data is available and/or
desirable, the method 500 may select the intermediate join
data as the initial data at block 504 so that it may be provided
at block 308. Example embodiments for selecting intermedi-
ate join data to enable the intermediate join of a data set is
described in greater detail below. If the intermediate join data
is not available and/or desirable at decision block 502, the
method 500 may proceed to decision block 506.

[0082] In an example embodiment, the intermediate join
data may be desirable when there is bandwidth to send the
intermediate join data to the switch/router 104, 229 hooked to
a core network, but not enough bandwidth to send the inter-
mediate join data along to a receiver. In an example embodi-
ment in the interactive television environment 200 (see FIG.
2), the intermediate join data may be sent at a lower quality to
enable a faster channel change.

[0083] At decision block 506, the method 500 may deter-
mine whether a selection of buffered data as the initial data is
available and/or desirable. If the buffered data is available
and/or desirable, the method 500 may select the buffered data
as the initial data at block 508. An example embodiment for
selecting the buffered data is described in greater detail
below. If the buffered data is not available and/or desirable for
use as the initial data at decision block 506, the method 500
may proceed to decision block 510.

[0084] The method 500 may determine whether a selection
of delayed data as the initial data is available and/or desirable
at decision block 510. In an example embodiment, the
delayed data may be available when a buffer does not retain
all data received from a particular program or object and a
delayed transmission of the data is available.

[0085] If the delayed data is available and/or desirable at
decision block 510, the method 500 may select the delayed
dataas the initial data and the additional data at block 512. For
example, the delayed data may include sending data at a
delay. If the delayed data is not available and/or desirable at
decision block 510, the method 500 may select current data as
the initial data and the additional data at block 514.

[0086] After the operations at block 504, block 508, block
512, or block 514 are complete, the method 500 may termi-
nate.

[0087] Referring to FIG. 6, a method 600 in accordance
with an example embodiment for selecting buffered data as
initial data is shown. In an example embodiment, the method
600 may be performed at block 508 (see FIG. 5). In an
example embodiment, the buffered data selected as the initial
data may be used during the operations at block 308 (see FIG.
3).

[0088] A frame may be identified as an access point in a
data set at block 602. In an example embodiment, a first data
unit (e.g., a frame) may be identified as a first access point
from among a number of data units (e.g., anumber of frames).
For example, the first data unit may be of a hierarchical data
type. In an example embodiment, the data units may be hier-
archical data units, such that interpretation and/or use of use
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of future data units depend on previous data units. Example
embodiments of identifying the access point in the data set are
described in greater detail below.

[0089] The identified frame may be retained as a starting
point at block 604. For example, the identified frame may be
retained in a buffer of the switch/router 104, 229 (see FIGS. 1
and 2).

[0090] A next frame may be received as a current frame at
block 606. For example, the next frame in a number of frames
(e.g., a data stream of frames of video content) of a channel
may be received by the switch/router 104, 229.

[0091] The method 600 may determine whether a current
frame is another access point (e.g., a second access point) at
decision block 608. If the current frame is not an access point,
the current frame may be retained (e.g., in a buffer) at block
610 and the method 600 may return to block 606. If the frame
is an access point at decision block 608, the starting point and
the retained frames may be designated as buffered data at
block 612 and the method 600 may return to block 602. For
example, the buffer data may be further designated as the
initial data at block 508 (see FIG. 5) and/or may be provided
to the requester as the initial data at block 308 (see FIG. 3).
[0092] In an example embodiment, the frame identified as
the access point at block 602 upon the start of method 600
may be identified as a first access point and the frame identi-
fied as the access point after the decision block 608 at block
602 may be identified as the second access point. In an
example embodiment, frames before the starting point may
be discarded from the buffer.

[0093] Referring to FIG. 7, a method 700 in accordance
with an example embodiment for selecting intermediate join
data as initial data is shown. In an example embodiment, the
method 700 may be performed at the block 504 (see FIG. 5).
In an example embodiment, the intermediate join data
selected as the initial data may be used during the operations
at block 308 (see FIG. 3).

[0094] A frame may be identified as an access point at block
702. In an example embodiment, the operations of block 602
(see FIG. 6) may be performed at block 702. An example
embodiment of identifying a frame as an access point is
described in greater detail below.

[0095] The identified frame may be retained at block 704.
For example, the identified frame may be retained in a buffer
of the switch/router 104, 229 (see FIGS. 1 and 2). In an
example embodiment, a first data unit may be identified at
block 702 and retained as an access point among a number of
data units at block 704.

[0096] A next frame may be received at block 706. For
example, the next frame in a number of frames (e.g., a data
stream of frames of video content) of a channel may be
received by the switch/router 104, 229.

[0097] Atdecision block 708, a determination may be made
as to whether the received frame should be retained. For
example, the received frame may be retained when the frame
may be used to decode a remaining portion of the number of
frames of the channel until a next access point is received. If
the received frame is not to be retained, the method 700 may
return to block 706. If the received frame is to be retained at
decision block 708, the method 700 may proceed to block
710.

[0098] The received frame may be retained (e.g., in a
buffer) at block 710. Each of the received frames that have
been retained at block 710 may be designated as the interme-
diate join data at block 712. For example, the intermediate

Oct. 20, 2011

join data may be further designated as the initial data at block
504 (see FI1G. 5) and/or may be provided to the requester as
the initial data at block 308 (see FIG. 3). After completing the
operations at block 712, the method 700 may return to block
706.

[0099] Inanexample embodiment, after all retained frames
have been designated as intermediate join data at block 712,
the method 700 may terminate.

[0100] After the completion of the operation at block 712,
retained data units (e.g., the received frames that have been
retained) may be provided in response to a request (e.g., a
channel change request) when a current data unit (e.g., a
current frame) of the number of data units (e.g., the frames of
video content) is not an access point.

[0101] Inan example embodiment, one or more additional
data units of a number of data units after an access point may
be identified at block 710 and retained at block 712, the
retained data units being to decode the number of data units
after the access point until a next access point. The retained
data units may then be provided in response to a request (see
block 308 of FIG. 3) when a current data unit of the number
of data units is not an access point.

[0102] Referring to FIG. 8, a method 800 in accordance
with an example embodiment for selecting intermediate join
data as initial data is shown. In an example embodiment,
method 800 may be performed at block 504 (see FIG.5). Inan
example embodiment, the intermediate join data selected as
the initial data may be used during the operations at block 308
(see FIG. 3).

[0103] A frame may be identified as an access point at block
802. In an example embodiment, the operations of block 702
(see FIG. 7) may be performed at block 802. An example
embodiment of identifying data (e.g., a frame) as an access
point is described in greater detail below.

[0104] The identified frame may be retained at block 804.
In an example embodiment, the operations of block 704 (see
FIG. 7) may be performed at block 804. For example, a first
data unit may be identified at block 802 and retained at block
802 as an access point among a plurality of data units.
[0105] A next frame may be received at block 806. For
example, the next frame in a number of frames (e.g., a data
stream of frames of video content) of a channel may be
received by the switch/router 104, 229.

[0106] Atdecisionblock 808, a determination may be made
as to whether the received frame may be used for reconstruc-
tion (e.g., reconstructing subsequent data). For example, the
received frame may be used for reconstruction when the
received frame may be used to decode other frames, which
may include a data stream of video content.

[0107] Ifthereceived frame will not be used for reconstruc-
tion, the method 800 may return to block 806. If the received
frame will be used for reconstruction, the method 800 may
retain the received frame at block 810 and proceed to decision
block 812.

[0108] At decision block 812, the method 800 may deter-
mine whether to create reconstruction frames from the
retained frames. If the reconstruction frames are not to be
created, the method 800 may return to block 806. If the
reconstruction frames are to be created, the reconstructed
frames may be created at block 814 and the reconstruction
frames may be designated as intermediate join data at block
816. For example, the reconstructed frames may be created by
reconstructing and re-encoding one or more frames from
other frames in the buffer, such that the reconstructed frames
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may be used to decode other frames. In an example embodi-
ment, the reconstructed frames may be marked as recon-
structed frames at block 814.

[0109] Inanexample embodiment, the frames of which the
replacement frames are replacing may be discarded from the
buffer at block 814.

[0110] The reconstruction frames may be created at a same
bit rate as the retained frames. However, in other embodi-
ments the reconstructed frames may be created at a different
bit rate (e.g., a lower bit rate) as the retained frames. After
block 816, the method 800 may terminate.

[0111] After completing the operations at block 816, a first
data unit (e.g., a first frame) and reconstructed data units (e.g.,
the reconstructed frames) may be provided in response to a
request (e.g., a channel change request) when a current data
unit (e.g., a current frame) of the number of data units is not
an access point. For example, the intermediate join data may
be further designated as the initial data at block 504 (see FIG.
5) and/or may be provided to the requester as the initial data
at block 308 (see FIG. 3).

[0112] While the methods 600, 700, 800 (see FIGS. 6-8)
refer to data in the form of frames, it should be appreciated
that the methods 600, 700, 800 may be used with other types
of data such as hierarchical data.

[0113] Referring to FIG. 9, a method 900 in accordance
with an example embodiment for identifying data as an access
point is shown. In an example embodiment, the method 900
may be performed at block 602 (see FIG. 6), at block 702 (see
FIG. 7), and/or at block 802 (see FIG. 8).

[0114] A first portion of data (e.g., a data unit such as a
frame and/or a data packet) may be received at block 902. For
example, the first portion of data may be received by the
switch/router 104, 229 from the data source 102 and/or hea-
dend system 218 (see FIGS. 1 and 2).

[0115] Atdecision block 904, a determination may be made
as to whether the received data is an access point. In an
example embodiment, the received data may be an access
point when the received data is a key frame that can be
decoded without reference to other frames. In an example
embodiment, the access point may be a starting element of a
data stream to be processed before a remaining portion of the
data stream. In an example embodiment, the access point may
be a top element of a data set (e.g., a directory file) to be
processed before a remaining portion of the data set (e.g., files
within the directory identified by the directory file) can be
processed to enable access to the remaining portion of the
data set. In an example embodiment, the access point may be
a GOP (group of pictures) start marker. The access point may
however be a key frame of video content, such that the key
frame may be decoded without reference to other frames of
the video content. Other access points may also be provided.

[0116] Inan example embodiment, the identification of the
portion of data as an access point may include an indication in
the data of a frame. For example, such an indication may be
provided when the frame is part of MPEG-2 data or MPEG-4
data. The identification of the portion of data as an access
point may be based on transmission of the data as a first part
of a collection of data sections where a data stream carrying
the data may include information that indicates a type and
start of each data section. The identification of the portion of
data as an access point may be signaled through a time code.
In an example embodiment, the identification of the portion
of data as an access point may be signaled through metadata.
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[0117] If the received data is not an access point, an addi-
tional portion of data may be received at block 906 and the
method 900 may return to decision block 904. If the received
portion of data is an access point at decision block 904, the
method 900 may designate the received portion of data as an
access point at block 908. After block 908, the method 900
may terminate.

Example Methods for Using Transmitted Data

[0118] Referring to FIG. 10, a method 1000 in accordance
with an example embodiment for receiving a channel is
shown. In an example embodiment, the method 1000 may
operate on the intermediate device 108.1, 108.2 (see FIG. 1),
and/or on the set-top box 238 (see FIG. 2).

[0119] A new channel selection may be received from a
user at block 1002. A new channel request may be sent at
block 1004. For example, the intermediate device 108.1,
108.2 and/or the STB 238 may send a multicast join to the
switch/router 104, 229.

[0120] The initial frames of the new channel may be
received and reproduced at block 1006 by the intermediate
device 108.1. For example, reproducing the initial frames
may include decoding and presenting the initial data.

[0121] Additional frames of the new channel may be
received and reproduced at block 1008. For example, repro-
ducing the additional frames may include decoding and pre-
senting the additional data. After completion of block 1008,
the method 1000 may terminate.

[0122] Referring to FIG. 11, a method 1100 in accordance
with an example embodiment for receiving a directory is
shown. The directory may be a directory tree containing code
and/or order data. In an example embodiment, the directory
may be an electronic program guide (EPG) on an intermedi-
ate device 108.1, 108.2 of the system 100 and/or the set-top
box 238 of the interactive television environment 200.
[0123] A new directory listing selection may be received
from a user at block 1102. A directory listing request may be
sent at block 1104.

[0124] Initial data for a new directory may be received at
reproduced at block 1106. Additional data for the new direc-
tory may be received at reproduced at block 1108. After block
1108, the method 1100 may terminate.

Example Method for Encoding Video Content

[0125] Referring to FIG. 12, a method 1200 for encoding
video content is shown. The video content may be accessed at
block 1202. Primary data and replacement data may be gen-
erated at block 1204. In an example embodiment, the primary
data may be data ordinarily sent without additional access
points and the replacement data may include initial data and,
optionally, additional data that provides additional access
points.

[0126] The primary data and replacement data may be
transmitted at block 1206. In an example embodiment, the
primary data and replacement data may be sent from the data
source 102 and/or the headend system 218 to the switch/
router 104,229 (see FIGS. 1 and 2). After completion of block
1206, the method 1200 may terminate.

Example Retained Data as Frames

[0127] Referring to FIG. 13, a frame 1300 in accordance
with an example embodiment is shown. The frame 1300 may
be part of the initial data and/or additional data and is shown
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to include by way of example a frame type 1302, a presenta-
tion frame number 1304, and a frame dependency 1306,
1308.

[0128] The frame type 1302 may indicate a type of the
frame 1300. For example, an “I” frame may be a standalone
frame, a “P” frame may depend on previous “I” frames and/or
“P” frames, a “B” frame (as shown by way of example in FIG.
13) may depend on surrounding “I” and/or “P” frames, and a
“BR” frame may be used as references for other “B” frames.
In an example embodiment, where frames are reconstructed
from previously received frames on a device (e.g., the switch/
router 104, 229), an “RI” indicator may be used to indicate a
reconstructed and re-encoded 1 frame. Likewise, an “RP”
indicator may be used to indicate a reconstructed and re-
encoded P frame. Thus, in an example embodiment, recon-
structed frames may be identified using the prefix “R” fol-
lowed by the particular frame type (e.g., I, P, and B). For
example, P frames may be predicted frames based on previ-
ous frames in a data stream, B frames may be bidirectional
frames based on a preceding P frame and a succeeding P
frame.

[0129] The presentation frame number 1304 may indicate
an order in which a series of frames are presented to a user.
The frame dependency 1306, 1308 may indicate other frames
on which the frame depends.

[0130] Referring to FIG. 14, a series of frames 1400 in
accordance with an example embodiment is shown. The
series of frames 1400 may, for example, be based on an
MPEG-2 structure.

[0131] A presentation order 1402 may indicate an order in
which the series of frames 1400 are presented to a viewer. In
an example embodiment as illustrated, the presentation order
1402 may be an I frame 00, a B frame 01, a B frame 02, a P
frame 03, a B frame 04, a B frame 05, a P frame 06, a B frame
07, a B frame 08, a P frame 09, a B frame 10, a B frame 11, a
P frame 12, a B frame 13, a B frame 14 and an I frame 15.
[0132] A transmission order 1404 shows an example of an
order in which the series of frames 1400 may be received by
a device. The device may, for example, be one of the inter-
mediate devices 108.1, 108.2 (see FIG. 2), the switch/router
229 (see FIG. 2), or any other network device. The transmis-
sion order 1404 is shown merely by way of example to be may
be an I frame 00, a P frame 03, a B frame 01, a B frame 02, a
P frame 06, a B frame 04, a B frame 05, a P frame 09, a B
frame 07, a B frame 08, a P frame 12, a B frame 10, a B frame
11, an I frame 15, a B frame 13 and a B frame 14.

[0133] An intermediate join order 1406 may include one or
more reconstructed frames followed by a number of frames
from the transmission order. For example, the intermediate
join order 1406 may be a RI frame 06, a P frame 09, a B frame
07, aB frame 08, a P frame 12, a B frame 10, a B frame 11, an
1 frame 15, a B frame 13 and a B frame 14.

[0134] As illustrated, a replacement frame construction
1408 may include a RI frame 06 constructed from an I frame
00 and applying information from a P frame 03 and a P frame
06.

[0135] In an example embodiment, one or more replace-
ment frames (e.g., RI frame 06) may be used to initialize the
decoder’s reference buffers in between GOP starts. The
replacement frames may be sent ahead of a convenient posi-
tion in the actual bit stream to permit decoding to start
between original access points. The replacement frames may
provide a new access point, effectively dividing a larger data
set into a series of smaller data sets. Once the replacement
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frames have been received, frame data preceding the replace-
ment frame data in the buffer may be discarded.

[0136] Referring to FIG. 15, a series of frames 1500 in
accordance with an example embodiment is shown. In an
example embodiment, the series of frames 1500 may repre-
sent an application of reference B frames of H.264 format,
where the B frames may be used by other B frames during
reconstruction. A single replacement frame may be used if the
replacement frame is inserted prior to P frames.

[0137] A presentation order 1502 may indicate an order in
which the series of frames 1500 are presented to a viewer. In
an example embodiment as illustrated, the presentation order
1502 may be an I frame 00, a B frame 01, a Br frame 02, a B
frame 03, a P frame 04, a B frame 05, a Br frame 06, a B frame
07, a P frame 08, a B frame 09, a Br frame 10, a B frame 11,
a P frame 11, a B frame 13, a Br frame 14, a B frame 15, and
an I frame 16.

[0138] A transmission order 1504 indicates an example
order in which the series of frames 1500 may be received by
a device. The device may be the intermediate device 108.1,
108.2 (see FIG. 2), the switch/router 229 (see FIG. 2), or any
other network device. The transmission order 1504 is shown
by way of example to be an I frame 00, a P frame 04, a Br
frame 02, a B frame 01, a B frame 03, a P frame 08, a Br frame
06, a B frame 05, a B frame 07, a P frame 12, a Br frame 10,
a B frame 9, a B frame 11, an I frame 16, a Br frame 14, a B
frame 13 and a B frame 15.

[0139] An intermediate join order 1506 may include one or
more reconstructed frames followed by a number of frames
from the transmission order. The intermediate join order 1506
is shown by way of example to include a RI frame 08, a P
frame 12, a Br frame 10, a B frame 09, a B frame 11, an I frame
16, a Br frame 14, a B frame 13, and a B frame 15.

[0140] As illustrated, a replacement frame construction
1508 may include a RI frame 08 constructed from an I frame
00 and applying information from a P frame 04 and a P frame
08.

[0141] Referring to FIG. 16, a series of frames 1600 in
accordance with an example embodiment is shown. The
series of frames 1600 may, for example, use two levels of B
reference frames.

[0142] A presentation order 1602 may indicate an order in
which the series of frames 1600 are presented to a viewer. The
presentation order 1602 is shown by way of example to be an
1 frame 00, a B frame 01, a Br frame 02, a B frame 03, a Br
frame 04, a B frame 05, a Br frame 06, a B frame 07, a P frame
08, a B frame 09, a Br frame 10, a B frame 11, a Br frame 12,
a B frame 13, a Br frame 14, a B frame 15 and a P frame 16.
[0143] A transmission order 1604 shows an example order
in which the series of frames 1600 may be received by a
device. The device may be one of the intermediate device
108.1, 108.2 (see FIG. 2), the switch/router 229 (see FIG. 2),
or any other network device. The transmission order 1604 is
shown by way of example to be an I frame 00, a P frame 08,
aBr frame 04, a Br frame 02, a B frame 01, a B frame 03, a Br
frame 06, a B frame 05, a B frame 07, a P frame 16, a Br frame
12, a B frame 10, a B frame 09, a B frame 11, a B frame 14,
a B frame 13, and a B frame 15.

[0144] An intermediate join order 1606 may include one or
more reconstructed frames followed by a number of frames
from the transmission order. The intermediate join order 1606
is shown to include a RI frame 08, a RP frame 16, a Br frame
12, a B frame 10, a B frame 09, a B frame 11, a B frame 14,
a B frame 13 and a B frame 15.
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[0145] As illustrated, a first replacement frame construc-
tion 1608 may include a RI frame 08 constructed from an I
frame 00 and applying information from a P frame 08 and a
second replacement frame construction 1510 may include a
RP frame 16 constructed from an I frame 00 and applying
information from a P frame 08 and a P frame 16 and re-
encoding the P frame (e.g., RP frame 16) relative to the RI
frame 08 of the first replacement frame construction 1608.
[0146] Referring to FIG. 17, a series of frames 1700 in
accordance with an example embodiment is shown. In an
example embodiment, the series of frames 1700 may use
three levels of B reference frames.

[0147] A presentation order 1702 may indicate an order in
which the series of frames 1700 are presented to a viewer. The
presentation order 1702 is shown by way of example to be an
I frame 00, a B frame 01, a Br frame 02, a B frame 03, a Br
frame 04, a B frame 05, a Br frame 06, a B frame 07, a Br
frame 08, a B frame 09, a Br frame 10, a B frame 11, a Br
frame 12, a B frame 13, a Br frame 14, a B frame 15, and a P
frame 16.

[0148] A transmission order 1704 indicates an example
order in which the series of frames 1700 are received by a
device. In The device may be one of the intermediate device
108.1,108.2 (see FIG. 2), the switch/router 229 (see FIG. 2),
or any other network device. The transmission order 1704 is
shown to be an I frame 00, a P frame 16, a Br frame 08, a Br
frame 04, a Br frame 02, a B frame 01, a B frame 03, a Br
frame 06, a B frame 05, a B frame 07, a Br frame 12, a B frame
10, a B frame 09, a B frame 11, a B frame 14, a B frame 13,
and a B frame 15.

[0149] An intermediate join order 1706 may include one or
more reconstructed frames followed by a number of frames
from the transmission order. The intermediate join order 1706
is shown to be a RI frame 08, a RP frame 16, a Br frame 12,
a B frame 10, a B frame 09, a B frame 11, a B frame 14, a B
frame 13, and a B frame 15.

[0150] As illustrated, a first replacement frame construc-
tion 1708 may include a RI frame 08 constructed from an I
frame 00 and applying information from a P frame 16 and a Br
frame 08, and a second replacement frame construction 1610
may include a RP frame 16 constructed from an I frame 00
and applying information from a P frame 04 and re-encoding
the P frame (e.g., RP frame 16) relative to the RI frame 08 of
the first replacement frame construction 1708.

Example Adaptive and Non-Adaptive Streaming

[0151] In at least some of the examples presented above, a
user associated with a user device may select a particular
channel or program of hierarchical data, such as compressed
video content, from multiple such channels available for
transmission or download to the user device. In some cases,
the hierarchical data may be transmitted at a predetermined
data rate, with some of the hierarchical data being dependent
upon prior and/or subsequent hierarchical data. As discussed
above, a router, switch, or server coupled with the user device
may transmit initial data, such as buffered, delayed, or recon-
structed hierarchical data, to allow the user device to begin
presenting the hierarchical data more quickly to the user than
what would otherwise be possible in the absence of the initial
data.

[0152] Each of FIGS. 18-22 provide a block diagram of a
video distribution system in which one or more data sources
transmits video content to one or more video encoders. The
encoders transform the video data into hierarchical video
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data, which is transmitted via one or more components to one
or more devices, such as the intermediate devices 108 of F1G.
1, or the set-top box (STB) 238 of FIG. 2. In some examples,
the devices of FIGS. 18-22 may also be end-user devices,
such televisions, video monitors, desktop or laptop comput-
ers, mobile communication devices, and the like. Each of the
systems of FIGS. 18-22 may incorporate any of the embodi-
ments described above, such as the transmission of initial and
additional hierarchical data to the one or more devices, as
described in detail above.

[0153] FIG. 18 is a block diagram of an example video
distribution system 1800 in which one or more data sources
1802 provide multiple channels of video data 1810.1, 1810.2,
1810.3 (generally, 1810) to one or more video encoders 1803,
which generate hierarchical data 1812.1, 1812.2, 1812.3 for
the video data 1810.1, 1810.2, 1810.3, respectively. Each
channel of video data 1810 may represent, for example, dif-
ferent content (such as different television programs or mov-
ies) or different resolutions of the same content (such as high
definition (HD) and standard definition (SD) for televisions,
reduced definition for mobile devices, and so on).

[0154] A video server 1804 may then receive requests for
one of the channels of hierarchical data 1812 from one or
more devices 1808.1, 1808.2, 1808.3 for presentation to a
user. In one example, each of the devices 1808 may connect to
the server 1804 to receive information about the various pro-
grams. The programs may be, for example, real-time broad-
cast programs or video-on-demand (VOD) programs. Each
device 1808 may then select and receive a program via the
hierarchical data 1814.1, 1814.2, 1814.3 from the video
server 1804 using a point-to-point transmission protocol,
such as, for example, User Datagram Protocol (UDP) or
Transmission Control Protocol (TCP), which may be associ-
ated with, for example, HyperText Transfer Protocol (HTTP)
or Real Time Streaming Protocol (RTSP). Inone example, the
hierarchical data 1814 is transferred via a core network, such
as the Internet. As a result of the point-to-point protocol, each
device 1808 possesses its own connection between the device
1808 and the video server 1804, thus requiring the system
1800 to allocate the bandwidth required to carry each channel
of the hierarchical data 1814 through the network from the
video server 1804 to each device 1808, even if two devices
1808 are receiving the same program, and thus the same
hierarchical data 1814. When switching to a particular chan-
nel of video data 1814, a device 1808 may receive initial
hierarchical data from the video server 1804 to facilitate
faster presentation of the associated program to the user, as
described above.

[0155] Inother video distribution systems, adaptive coding
and streaming may be employed to provide a number of video
streams for a particular program or channel, with each stream
including hierarchical data being transmitted at a different
data rate, and with higher data rates generally being associ-
ated with higher video resolutions and/or higher video qual-
ity. In one example, the video resolutions may range from a
“super HD” and typical HD resolution presentable via an HD
television, to an SD resolution, to a computer-class resolu-
tion, and finally to a low mobile device resolution.

[0156] Generally, adaptive streaming allows a device to
select one of the multiple streams associated with a program
for distinct periods of time, thus allowing the device to adjust
the data rate of the video data being received to current or
changing transmission conditions or link quality. For
example, the device may not be properly receiving video data
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during a period of time at a data rate sufficient to match the
rate at which the data is being presented to the user, such as
during times of poor communication connectivity with a
video server, or during periods of high communication traffic
over the network connecting the device with the video server.
In response, the receiving device may request that the next
portion, or “chunk,” of video data be from a lower-resolution
or lower-quality stream, thus allowing the data rate of the
transmitted video data to be reduced while maintaining an
uninterrupted presentation of the program. If, during presen-
tation of that video chunk, the video data is received more
quickly than expected, the receiving device may then request
a higher-resolution or higher-quality video data stream of the
program for the next chunk.

[0157] FIG. 19 depicts an example video distribution sys-
tem 1900 providing adaptive streaming functionality. In the
system 1900, one or more data sources 1902 provide multiple
channels of video data 1910 to one or more video encoders
1903. The encoders 1903, in turn, encode each channel of
video data 1910 into multiple streams 1912 of varying video
resolution/quality/data rate and transmit the streams 1902 to
avideo server 1904. While FIG. 19 depicts three streams 1912
for each channel of video data 1910, the video encoders 1903
may generate greater or fewer streams 1910 for each channel
or program.

[0158] Each of multiple devices 1908 may then request a
particular stream 1912 for the next chunk of video data to be
received. In one example, the video server 1904 may provide
information in the form of a “manifest,” which indicates the
various streams available for each program or channel, pos-
sibly along with other data, such as the data rate for each of the
streams, the amount of data to be transferred in each stream
for the next chunk, as so forth. As a result, the video server
1904 may issue a new manifest for each upcoming chunk of
video data, or may provide a manifest for multiple chunks.
Based on the information in the manifest and on current
communication link quality, each device 1908 may request a
particular stream 1914 for the next video chunk, and receive
that chunk of the request stream 1914 from the video server
1904 in response. As with the system 1800 of FIG. 18, each
device 1908 receives its hierarchical video data 1914 via a
point-to-point connection so that communication bandwidth
is dedicated for each device 1908 over its connection with the
video server 1904.

[0159] As with switching from one channel to another, as
described above, each device 1908 of the system 1900 may
receive buffered, delayed, or constructed initial hierarchical
data when switching from one chunk to another of the same
program, thus possibly facilitating rapid switching between
streams regardless of whether the chunks are aligned on hier-
archical data boundaries.

[0160] FIG. 20 illustrates an example video distribution
system 2000 in which multicasting may be employed to
reduce the amount of bandwidth consumed over a core net-
work for non-adaptive streaming of video data. In one
embodiment, the system 2000 may be employed for Internet
Protocol television (IPTV) transmission. In this example, at
least one data source 2002 transmits multiple channels of
video data 2010 to one or more video encoders 2003. The
encoders 2003 encode each of these channels to a correspond-
ing channel of encoded (hierarchical) video data 2012 for a
multicast core network 2005. The multicast core network
2005 transports the hierarchical data 2012 as a multicast set
2013, with each channel of the multicast set 2013 represent-
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ing the encoded video data 2012 for a channel received from
the encoders 2003. As a result, multiple copies of encoded
video data 2012 are not carried in the multicast set 2013,
regardless of the number of devices 2008 requesting the same
channel.

[0161] Also in the system 2000, a switch/router 2004
receives requests from one or more devices 2008 to receive
video data of one of the video channels being carried in the
multicast set 2013. In some examples, the switch/router 2004
may be, for example, an Internet cable or Digital Subscriber
Line (DSL) gateway, or a DSL Access Multiplexer
(DSLAM). In response to a request, the switch/router 2004
routes the video data 2114 of the requested stream to the
requesting device 2008. As more than one device 2008 may
request the same channel, the switch/router 2004 may route
the same video data associated with the channel to the devices
2008 requesting that channel. As a result, network communi-
cation bandwidth need not be reserved for each device for the
entirety of the connection from the multicast core network
2005 to the devices 2008 due to the multicast nature of the
connection. Instead, duplicate bandwidth need only be
reserved for the portion of the network that is unique to each
device 2008 (sometimes termed “the last mile”), thus reduc-
ing the amount of bandwidth or capacity consumed in the
multicast core network 2005 through the router 2004 and at
least a portion of the communication path from the switch/
router 2004 to the requesting device 2008.

[0162] Inanother example, multiple streams for each chan-
nel, with each stream exhibiting a different data rate, may also
be available as multicasts to the devices 2008 via the router
2004. Under that scenario, each device may request different
multicast streams on a chunk-by-chunk basis to adapt to
changing link conditions.

[0163] However, in the case that two or more devices 2008
may be tuning to the video data of the same program, channel,
or stream being received via multicast, the switch/router 2004
may not be able to provide initial hierarchical video data to a
device 2008 just tuning to that channel to facilitate rapid
presentation of the video data if another device 2008 is
already receiving the video data for that same channel. Also,
if only one multicast is provided for each program or channel
from the switch/router 2004 to the devices 2008, the devices
2008 cannot adapt to a poor quality link by requesting a
stream with a lower data rate, as none would be available.
[0164] To remedy this situation, FIG. 21 provides an
example video distribution system 2100 that employs a
hybrid multicast/point-to-point video transmission scheme.
Similar to the system 2000 of FIG. 20, one or more data
sources 2102 provide multiple channels of video data 2110 to
at least one video encoder 2103, which generates multiple
streams of video data 2112 for each channel or program
received, with each stream carrying video data 2112 for a
different video resolution/quality/data rate for adaptive
streaming purposes. In another embodiment, the video
encoder 2103 may generate a single video stream for each
received channel for non-adaptive streaming environments,
although an adaptive streaming embodiment is presumed in
the discussion below.

[0165] The encoder 2103 forwards the streams of video
data 2112 to a multicast core network 2105, which combines
the streams into a set of multicasts 2113 and transmits the
multicast set 2113 to a switch/router 2104. The switch/router
2104 may also receive a manifest or similar information from
the video encoder 2103 via the multicast core network 2105
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indicating the various streams available for each channel. The
switch/router 2104 may then forward the manifest, or provide
information similar to the manifest, to each of the devices
2108. Upon receiving the manifest or similar information,
each of the devices 2108 may use the information to issue a
request to the switch/router 2104 for a particular stream for a
desired channel. In response, the switch/router 2104 may then
deliver the chunk of the requested video data 2114 associated
with the manifest to the requesting device 2108 via a point-
to-point protocol. This process may be repeated for each
chunk of video data that is available to the device 2108 to
allow the device 2108 to switch streams of the same channel,
thus adapting the data rate of the video data 2114 to changing
link quality or other conditions.

[0166] Since a point-to-point connection, such as an
HTTP-based or RTSP-based connection, is employed
between the switch/router 2104 and the devices 2108, each
connection between each device 2108 and the router 2104 is
unique, such that duplicate streams of video data 2114 being
received by two different devices is possible. However, the
possibility of duplicate streams also allows the generation and
transmission of initial video data, as described above in vari-
ous embodiments, to enable rapid switching between differ-
ent channels, or different streams of the same channel, of the
video data 2114, which is not possible with multicasts extend-
ing from the multicast core network 2105 to some point
beyond the router 2104. Since the multicast core network
2105 maintains the multicast set 2113 only as far as the router
2104, some significant savings in terms of communication
bandwidth is achieved. As a result, in at least some examples,
the router 2104 may operate as a point-to-point/multicast
bridge, in which point-to-point requests for video data are
converted into transmissions from a corresponding multicast
connection.

[0167] In one example of the video distribution system
2100, the manifest or similar information, as well as each
stream of each channel being transmitted, may collectively be
considered to be hierarchical video data, which may be buft-
ered, delayed, or constructed for rapid stream-switching pur-
poses.

[0168] FIG.22 shows an example of a channel of video data
that includes N different video data streams 2202.1, 2202.2, .
..2202.N of a program or channel in the context of the system
2100 of FIG. 21. Each of the data streams 2202 may represent
a different resolution and, hence, data rate, for the channel or
program content. Each of the streams 2202 is divided or
apportioned into segments or chunks, with each chunk com-
prising multiple groups of pictures (GOPs). More specifi-
cally, Chunk 1 begins at staring point 2204.1, aligning with
the start of GOP 1; Chunk 2 begins at staring point 2204.2,
aligning with the start of GOP 5; and Chunk 3 begins at
staring point 2204.3, aligning with the start of GOP 9. Other
implementations may include any number of GOPs within
each chunk, including one GOP per chunk. Each chunk may
represent a fixed length of playing time of the video data
contained therein, such as, for example, two seconds,
although both shorter and longer chunk lengths are also pos-
sible. As a result of the chunk boundaries aligning with the
GOP boundaries, switching from one stream 2202 to another
within the same channel or program would not ordinarily
cause a delay in waiting for the first picture or frame in a group
of pictures while other frames of the video data hierarchy are
being received in order to present the video data to the user.

Oct. 20, 2011

Thus, the router 2104 of the system 2100 need not buffer,
delay, or construct initial data for transmission to the devices
2108, as described above.

[0169] Conversely, FIG. 23 depicts an example of multiple
streams 2302.1, 2302.2, . . . 2302.N of the same channel or
program of video data, wherein the chunk start positions
2304.1,2304.2,2304.3, and so forth, do not always align with
an initial GOP frame, such as an I frame. Accordingly, if a
device receiving the channel of video data switches from a
chunk of one stream 2302 to the next chunk of another stream
2302, and that transition does not align with a GOP boundary
(such as for example, the Chunk 2 start position 2304.2,
which is positioned somewhere within GOP 4), the router
2104 may perform any buffering, delay, or constructing of
initial video data to enable switching between streams 2302
without awaiting the next GOP (in this case, GOP 5). In one
example, the chunk length may be much less than a GOP size,
in which case the ability of the device 2108 to switch between
streams 2302 rapidly, as discussed in detail above, may be
important since most chunk boundaries would not align with,
or be closely positioned near, a GOP boundary.

[0170] FIG. 24 is a block diagram of an example switch/
router 2400, which may serve as the switch/router 2104 of
FIG. 21, the switch/router 104 of FIG. 1, and/or the switch/
router 229 of FIG. 2. As shown, the switch/router 2400 may
include a multicast interface 2402, a point-to-point interface
2404, at least one video stream buffer 2406.1, 2406.2, . . .
2406.N, and control logic 2408. The switch/router 2104 may
be embodied in hardware, software, firmware, or some com-
bination thereof, as one or more machines, such as the com-
puter system 3400 of FIG. 34 described below.

[0171] The multicast interface 2402 receives video data in
multicasts provided by a multicast core network, such as the
network 2105 of FIG. 21. The multicast interface 2402 stores
at least some of the received video data in the one or more
video stream buffers 2406 for subsequent processing and/or
transmission. The multicast interface 2402 also transmits
and/or receives any other information, such as adaptive
streaming manifests, passing between the router 2400 and the
multicast core network.

[0172] The point-to-point interface 2404 transmits video
data from the one or more video stream buffers 2406 to one or
more devices, such as the device 2108 of FIG. 21. The point-
to-point interface 2404 also transmits and/or receives infor-
mation related to the video data being transmitted, including,
but not limited to, manifests for the use of the devices, and
requests received from the devices for particular data streams.
In other implementations described below, the switch/router
2400 may also include a second multicast interface for deliv-
ering multicasts to one or more of the devices.

[0173] The video stream buffers 2406 receive video data
from the multicast interface 2402, store at least some of the
received video data for some period of time, and then forward
at least some of the video data to the point-to-point interface
2404 for transmission to the devices. In some examples, the
video stream buffers 2406 may include other video data, such
as frames constructed from the received video in order to
provide initial hierarchical data, as discussed in greater detail
above. In some embodiments, the video stream buffers 2406
may receive, store, and forward other information related to
the video data, such as manifests.

[0174] The control logic 2408 controls the operation of the
multicast interface 2402, the point-to-point interface 2404,
and the video stream buffers 2406 so that the switch/router
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2400 may perform the operations discussed below in con-
junction with FIGS. 25-29 and 31. Examples of these opera-
tions include, but are not limited to, creating and adjusting the
size of the video stream buffers 2406, processing and/or gen-
erating manifests, selecting video streams for transmission,
and the like. Each of the operations discussed may not be
executed in a strictly serial fashion in all examples, as indi-
cated in the flowcharts of FIGS. 25-29 and 31, but may instead
be performed in alternative orders, with some operations
being executed partially or totally concurrently.

[0175] FIG. 25 is a flow diagram of an example method
2500 for receiving and distributing video data to one or more
devices. In the method 2500, the router 2400 receives a mani-
fest via the multicast interface 2402 indicating the various
streams of video data that are being multicast (operation
2502). The manifest may also include other information
related to each of the streams, such as information associating
a given video stream with a specific program or content iden-
tifier that one or more devices may reference to request the
stream. The manifest may also include information indicating
the size of one or more chunks of each stream associated with
the manifest, the data rates of each of the streams, and other
information.

[0176] Based on the manifest, the switch/router 2400 may
set a number of the video stream buffers 2406 to store a
portion of each stream to be received and possibly distributed
to a device (operation 2504). For example, the switch/router
2400 may allocate a video stream buffer 2406 for each stream
to be received, with a buffer size of at least one chunk. In one
example, the router 2400 may set the buffer size of the video
data buffer 2406 for each stream to one chunk in the case that
the router 3400 receives the manifest prior to the reception of
any of the video data associated with that chunk. In another
example, the router 2400 may set the size of each video data
buffer 2406 to at least two chunks if the router 2400 is oper-
ated to forward a manifest for the next chunk while transmit-
ting the current chunk to a requesting device. In another
example, the length of each of the video stream buffers 2406
may be set for some minimum period of time associated with
each chunk. In one embodiment, each of the video stream
buffers 2406 may be organized as a dual “ping-pong” buffer
in which a current chunk ready for transmission may be stored
while the next chunk is being received into the buffer 2406.
[0177] Therouter 2400 transmits the manifest to each of the
devices that may request one of the video data streams (opera-
tion 2508). In one example, the router 2400 transmits the
manifest for the next chunk while the router 2400 transmits
the current chunk of one or more data streams to the devices.
The router 2400 may forward the manifest unchanged, or may
revise or otherwise modify the manifest prior to transmission
to the devices. For example, as described more fully below,
the router 2400 may remove information relating to one or
more of the video data streams to prevent the devices from
requesting those video data streams. In another example, the
router 2400 may increase or decrease the size of the chunks
for each stream of a particular program or channel to modify
the frequency at which the devices may request a particular
stream for the next chunk to be transmitted from the router
2400.

[0178] The switch/router 2400 may then receive a request
from a device for a chunk of a video data stream as identified
in the manifest (operation 2510). As indicated earlier, the
device may choose a particular stream based on the desired
program or content, the display capabilities of the device, and
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the current perceived quality of the communication link
between the device and the router 2400. In one example, the
quality of the link may be deemed poor if the device is
experiencing buffer “underruns,” in which video data is emp-
tied from a buffer of the device for presentation to a user
before the next chunk of video data is received into that buffer.
[0179] Inresponse to the request, the router 2400 transmits
the next chunk of the requested video data stream from the
associated video stream buffer 2406 via the point-to-point
interface 2404 to the device (operation 2512). If the request
does not align with a GOP boundary or similar hierarchical
data boundary, the router 2400 may transmit previously buft-
ered or delayed data for the requested stream as initial data to
accelerate presentation of the video data to the user. In
another example, the router 2400 may construct initial data
from one or more video frames stored in the appropriate video
stream buffer 2406 for transmission as initial data to the
requesting device.

[0180] The router 2400 may receive several such data
stream requests from multiple devices (operation 2510), and
transmit a chunk of a requested video data stream (operation
2512) in response to each of the received requests. Further,
any and/or all of the operations 2502-2512 may be performed
repeatedly for each manifest received.

[0181] FIG. 26 depicts another example method 2600 of
operating the switch/router 2400 for receiving and distribut-
ing video content in which a manifest is not provided to the
router 2400. In the method 2600, the router 2400 sets the one
or more video stream buffers 2406 for receiving the various
video streams available in a set of multicasts (operation
2602). In one example, the router 2400 sets the number of
video stream buffers 2406 based on a directory identifying
each of the multicast streams, along with any other informa-
tion associated with each stream, such as stream data rate
information. In another example, the router 2400 may set the
length of each of the video stream buffers 2406 in terms of one
more multiples of a chunk size determined by the router 2400,
or based on an amount of presentation time associated with
each of the streams.

[0182] In response to the setting the video stream buffers
2406, the router 2400 may receive a portion of each of the
streams of the multicast set into its respective buffer 2406
(operation 2604). Also, the router 2400 apportions the video
data of each stream into one or more chunks (operation 2606).
The router 2400, in one example, may determine the chunk
size based on a desired amount of presentation time for each
chunk.

[0183] In response to determining the chunk size and
apportioning each of the received stream portions accord-
ingly, the router 2400 may generate a manifest for providing
information concerning each of the next video stream chunks
stored the video stream buffers 2406 (operation 2608). As
indicated above, the manifest provides information regarding
each chunk, possibly including, but not limited to, the data
size of each chunk, the presentation time associated with each
chunk, and the data rate at which the chunk may be transmit-
ted. After generating the manifest for the next chunk, the
router 2400 transmits the manifest to each of the devices that
are communicatively coupled with the router 2400 (operation
2610). The router 2400 may transfer the manifest for the next
chunk while the router 2400 is transferring the current chunk
of one or more data streams to the devices.

[0184] As with the method 2500 of FIG. 25, the method
2600 may receive one or more requests for a next chunk of a
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selected stream from one or more devices (operation 2612).
Inresponse to each request, the router 2400 transmits the next
chunk of the requested stream to each of the requesting
devices (operation 2614). Also similar to the method 2500, if
the request does not align with a GOP boundary or similar
hierarchical data boundary, the router 2400 may transmit
previously buffered or delayed data for the requested stream
as initial data to accelerate presentation of the video data to
the user. In another example, the router 2400 may construct
initial data from one or more video frames for transmission as
initial data to the requesting device.

[0185] The router 2400 may receive several data stream
requests from multiple devices (operation 2612), and transmit
a chunk of the requested video data stream (operation 2614)
in response to each of the received requests. Further, any
and/or all of the operations 2602-2614 may be performed
repeatedly for each subsequent portion of the video streams
received into the router 2400.

[0186] FIG. 27 presents another example method 2700 of
operating the router 2400 in which manifests are not trans-
mitted to the devices. As described in greater detail above
with respect to the method 2600 of FIG. 26, the method 2700
sets a video stream buffer 2406 for each video stream to be
received via multicast (operation 2702). Similar to the previ-
ous method 2600, the router 2400 receives the video data for
each multicast stream into its corresponding buffer 2406 (op-
eration 2704) and apportions data from each stream into the
next chunk to be provided to one or more of the devices
(operation 2706).

[0187] The router 2400 may then receive from a device a
request for the next chunk for a data stream associated with
desired channel or program (operation 2708). Unlike previ-
ous methods 2500, 2600, the device does not select a particu-
lar stream in the request, as the device has not received a
manifest from the router 2400 indicating the streams that are
available for a particular channel. However, as part of the
request, the device may indicate some preference regarding
the resolution, data rate, or quality of the next chunk being
requested. In response to the request, the router 2400 selects
the stream from which the next chunk should be transmitted
(operation 2710). In one implementation, the router 2400
may select the stream from which the chunk is to be trans-
mitted on the basis of any preferences indicated by the device,
as well as on any information the router 2400 has received
regarding the communication link between the router 2400
and the specific device. For example, on the basis of packet or
message acknowledgments transmitted by the device to the
router 2400 during the transfer of previous chunks, the router
2400 may determine that chunks associated with a higher or
lower data rate compared to the data rate of previously trans-
mitted chunks are a better fit for the communication link
between the router 2400 and the device. In one embodiment,
for initial transfers of chunks to a device, the router 2400 may
select low-data-rate streams, then may progress to higher data
rate chunks until the router 2400 determines that the data rate
ofthe chunks nearly matches the bandwidth of the connection
between the router 2400 and the device.

[0188] The router 2400 then transfers the next chunk for the
selected stream to the device (operation 2712). As with pre-
vious methods 2500, 2600, if the request does not align with
a GOP boundary or similar hierarchical data boundary, the
router 2400 may transmit previously buffered or delayed data
for the requested stream as initial data to accelerate presen-
tation of the video data to the user. Also, the router 2400 may
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construct initial data from one or more frames for transmis-
sion as initial data to the requesting device.

[0189] The router 2400 may receive chunk requests from
multiple devices (operation 2708), select a specific video data
stream (operation 2710), and transmit the next chunk of the
selected stream (operation 2712) in response to each of the
received requests. Further, any and/or all of the operations
2702-2712 may be performed repeatedly for each subsequent
portion of the video streams received into the router 2400.
[0190] FIG. 28 illustrates an example method 2800 of oper-
ating the router 2400 for distributing video data to devices in
which the router 2400 may override a request from a device
for a specific data stream. The method 2800 focuses on the
transfer of video data from the router 2400 to the devices, and
thus does not describe the process of receiving and storing the
video data of the streams. However, the method 2800 may be
employed with any of the operations of methods 2500, 2600,
and 2700 concerning the receiving and storing of video data
in the video stream buffers 2406 of the router 2400.

[0191] In the method 2800, the router 2400 may not be
capable of receiving all data streams of all programs or chan-
nels simultaneously due to bandwidth or memory capacity
constraints. In such cases, the router 2400 may be able to
transmit a video data stream to a second device that is already
being viewed by a first device, even if that stream was not the
stream requested by this device. Put another way, the router
2400 may select, for the same program or channel, a different
stream for the next chunk than that specifically requested by
the device, such as in the case of limited communication
bandwidth in receiving the data streams into the router 2400.
Such a condition may persist until, for example, the router
2400 is capable of receiving chunks of the requested stream.
[0192] In other examples, the router 2400 may be band-
width-limited in transmitting video data streams to the
devices as well. In that case, the router 2400 may select
streams with lower data rates that those requested by one or
more of the devices to ensure that each of the devices will
receive the desired programming without buffer underruns or
similar maladies, albeit at potentially lower-than-desired data
rates.

[0193] In the method 2800, the router 2400 may receive a
request for the next chunk available from a specific data
stream (operation 2802). In response, instead of automati-
cally transferring the next chunk of the specific data stream,
the router 2400 may determine the communication band-
width available to the router 2400 for transmitting video data
to the requesting device (operation 2804). As part of the
bandwidth determination, the router 2400 may analyze the
data rates of video data that the router 2400 is currently
transmitting to the other devices to determine if the data rates
associated with any of those devices may be reduced to allow
the first device to receive its desired program. The router 2400
may then select a stream from which the next chunk will be
transmitted to the requesting device based on the requested
stream and the available bandwidth (operation 2806), and
transmit the next chunk of the selected stream to the device
(operation 2808).

[0194] In performing the operations 2802-2808 of the
method 2800, the router 2400 may adjust the stream from
which the next chunk is to be transmitted for each device as
that device requests its next chunk via operations 2802-2808.
In some examples, the router 2400 may be able to anticipate
potential bandwidth problems and reduce data rates of one or
more devices before another device begins requesting video
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data. In other examples, the router 2400 may coordinate with
one or more other routers 2400 (not explicitly shown in FIG.
24) to ensure that any bandwidth shared by the routers 2400
may be apportioned among the routers 2400 in a similar
fashion to ensure reasonable access to the video data by as
many devices as possible.

[0195] As with previous methods 2500, 2600, 2700, if the
request does not align with a GOP boundary or similar hier-
archical data boundary, the router 2400 may transmit previ-
ously buffered or delayed data for the requested stream as
initial data to accelerate presentation of the video data to the
user. Also, the router 2400 may construct initial data from one
or more frames for transmission as initial data to the request-
ing device.

[0196] FIG. 29 depicts a method 2900 of operating the
router 2400 to distribute video data to multiple devices with-
out providing the video data in predetermined segment or
chunks. In some implementations, the router 2400 may moni-
tor data rate feedback from the devices receiving video data
from the router 2400. Based on this feedback, the router 2400
may adjust the data rate of subsequent video data to be trans-
mitted to each device without waiting for a particular chunk
or GOP boundary. As aresult, the router 2400 may employ the
techniques described above regarding the transmission of
initial data by way of buffered, delayed, or constructed video
data from virtually any random access point in any data
stream, thus allowing the router 2400 to adjust rapidly to
changing link quality, bandwidth demands, and so on. This
capability may be important for wireless and mobile devices,
which typically operate in environments in which the link
quality may vary significantly over time.

[0197] In the method 2900, the router 2400 receives a
request for video data for a desired channel or program (op-
eration 2902). In some examples, the router 2400 may also
receive a preference regarding the data rate or video resolu-
tion at which the requesting device is to receive the video data
(operation 2904). In some implementations, the router 2400
may receive such a request when the requesting device wishes
to join a new channel or program, as opposed to explicitly and
periodically requesting chunks of video data from a selected
data stream associated with the program. Such a scheme
allows the router 2400 to continuously monitor and determine
an appropriate data stream of the desired program or channel
for transmission to the device.

[0198] Insome embodiments, the router 2400 may analyze
or determine the communication bandwidth available for
transmission of a data stream (operation 2906). In one
example, the router 2400 may make such a determination
based on video data packet acknowledgements, such as those
provided when a TCP/IP connection is employed between the
router 2400 and the devices to transfer the video data. The
router 2400 may employ the acknowledgments to deduce an
average data reception or download rate at each of the
acknowledging devices. Other methods of determining avail-
able bandwidth from one or more devices may be utilized in
other implementations.

[0199] Based on the determined available bandwidth, the
channel or program request, and any rate preference indicated
by the device, the router 2400 selects a particular video stream
of the requested program or channel (operation 2908) and
begins transmitting the selected video stream to the request-
ing device (operation 2910). In one example, the router 2400
may also adjust the data rates for multiple devices on an
ongoing basis in light of new devices requesting video data
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and other changes in the communication environment, as
described above with respect to the method 2800 of FIG. 28.
Further, the router 2400 may coordinate with other routers
2400 to apportion any shared bandwidth between the routers
2400 and the devices, as described above.

[0200] Ineachexample described above in which the router
2400 either overrides a device request for a data stream of a
particular data rate, or in which the router 2400 selects a
particular stream exhibiting some data rate for the device in
the absence of a data rate preference from the device, the
router 2400 may or may not provide the device with informa-
tion concerning the data rate of the selected stream.

[0201] Further, in each of the implementations discussed
above that employ chunks, the router 2400 may or may not
await the arrival and storage of a complete chunk into a
corresponding video stream buffer 2406 before initiating
transmission of the chunk to a requesting device. In one
example, the router 2400 can being transmission of a chuck
from a buffer 2406 while at least some of the chunk is yet to
be received into the buffer 2406 via the multicast interface
2402 if the router 2400 possesses enough information to
ensure that the remainder of the data for the chunk will be
available in the buffer 2406 by the time that data must be
transmitted to the device. The router 2400 may make this
determination based upon one or more types of information,
such as, for example, the quality of the link between the router
2400 and the receiving device, and/or the data rates of the
video data both being received into the buffer 2406 and being
transmitted out of the buffer 2406.

[0202] In each of the embodiments described above, a
device may receive one or more video data streams via mul-
ticast from the router 2400, as opposed to a point-to-point
connection. For example, since the router 2400 may be
receiving multiple streams for the same program via multi-
cast, with each stream possessing a different data rate, the
router 2400 may possess the capability to provide one of those
streams to a device via multicast. Thus, in any of the embodi-
ments discussed above in which, for example, the device
determines the data rate, or the router 2400 overrides the
device request, or the router 2400 determines which stream to
provide to the device, the selected stream may be transmitted
via multicast. Further, embodiments in which the router 2400
provides no manifests to the device, or provides the streams in
a “chunkless” format, may also transmit the resulting stream
via multicast to the device.

[0203] FIG. 30 is a block diagram of a video distribution
system 3000 in which multiple layers of switch/routers 3004,
3006 may be employed to enhance the ability of the system
3000 to adjust to changing levels of link quality, communi-
cation bandwidth, and the like. FIG. 30 provides a two-level
switch/router scheme, but more than two levels of switch/
routers may be employed in other embodiments.

[0204] Similar to the distribution system 2100 of FIG. 21,
one or more data sources 3002 may provide multiple channels
of video data 3010 to at least one video encoder 3003, which
generates multiple streams of video data 3012 for each chan-
nel or program received, with each stream carrying video data
3012 for a different video resolution/quality/data rate for
adaptive streaming purposes. In other non-adaptive
examples, only one stream per channel may be provided. The
encoder 3003 forwards the streams of video data 3012 to a
multicast core network 3005, which combines the streams
into a set of multicasts 3013 and transmits the multicast set
3013 to afirst-level switch/router 3004. The first-level switch/
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router 3004 may also receive a manifest or similar informa-
tion from the video encoder 3003 via the multicast core net-
work 3005 indicating the various streams available for each
channel, although the system 3000 may operate under a mani-
fest-free configuration, as described in greater detail above.

[0205] The first-level switch/router 3004 may then forward
video data (and any related manifests or similar information,
if present) to one or more second-level switches/routers 3006
for the benefit of one or more devices 2108. In one example,
the first-level router 3004 and the second-level routers 3006
may communicate using a mixed multicast/point-to-point
scheme. As shown in the example of FIG. 30, the first-level
router 3004 provides one or more multicasts 3015 to one
second-level router 3006.1, while the first-level router 3004
provides one or more point-to-point video streams 3016 to
another second-level router 3006.2. In other examples, a sec-
ond-level router 3006 may receive any number of multicasts
and/or point-to-point streams from the first level-router 3004.
According to one implementation, the first-level router 3004
may receive all available streams for each program or chan-
nel, while the first-level router 3004 provides only the most
popular programs as multicasts to the second-level routers
3006, with the second-level routers 3006 managing requests
from their connected devices 3008 for those programs, and
delivering the requested video data 3014 to the corresponding
devices 3008 via a point-to-point protocol. If one of the
devices 3008 requests video data for a less popular program,
the second-level router 3006 may, in turn, request that pro-
gram from the first-level router 3004. In response, the first-
level router 3004 may then deliver the requested program via
a point-to-point connection to the second-level router 3006,
which then delivers that video data via its point-to-point con-
nection to the requesting device 3008. Accordingly, the first-
level router 3015 and the second-level routers 3006 may
communicate via a protocol that identifies which programs
are available to the second-level routers 3006 via multicast,
and which are available via a point-to-point connection. In
addition, the first-level router 3006 may switch a video stream
for a program or channel from multicast to point-to-point
delivery based on the popularity of the program and other
factors, with the more popular programs being transmitted via
multicast in one example.

[0206] In some implementations, the second-level routers
3006 may directly serve requests from devices 3008 that are
requesting video data for a program that the second-level
router 3006 is currently providing to another device 3008
without any additional communication with the first-level
router 3004.

[0207] In any of the examples regarding the router 2400
described above, some of the hierarchical data, such as either
the video streams themselves, or any associated adaptive
streaming manifests or similar information, may be reduced
or limited before being presented to the devices. In one
example, in cases mentioned above in which the router 2400
may not have access to enough communication bandwidth to
transmit the video data for each requested video stream, the
router 2400 may pre-emptively remove any video streams
with higher data rates from the manifest that would oversub-
scribe the capacity of the communication link between the
router 2400 and its devices. At a later time in which more
bandwidth is available in the link, the router 2400 may then
reintroduce the information for the higher-data-rate stream
back into the manifest to make the associated video data
streams available to the devices.
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[0208] Similarly, FIG. 31 is a flowchart of another example
method 3100 of operating the router 2400 of FIG. 24 for
distributing video data in which the router 2400 may reduce
the size of a data stream itself to reduce its effective data rate.
In the method 3100, the router 2400 may receive a request for
a particular video stream (operation 3102). The router 2400
may then determine the available transmission bandwidth of
the link between the router 2400 and the requesting device
(operation 3104), possibly including analyzing the data rates
for other data being transmitted from the router 2400 that may
affect the link. The router 2400 may then determine if the
lowest data rate stream that is available for the program of
interest to the device is sufficient for preventing oversubscrip-
tion of the link (operation 3106). If so, the router 2400 may
select one of the available streams that most closely matches
the requested stream (operation 3108) and transmit the
selected stream to the requesting device (operation 3112). If,
instead, the stream with the lowest data rate may cause com-
munication delays or other problems for the requesting device
or other devices coupled with the router 2400 (operation
3106), the router 2400 may then reduce the amount data in
that stream (operation 3110) to reduce the data rate of the
stream to satisfy the request while preventing oversubscrip-
tion of the link, and then transmit the modified stream (opera-
tion 3112). Such a method 2400 may be employed in systems
which may or may not employ a manifest to describe the
various data rate streams available for a particular program or
channel.

[0209] In some examples, the amount of data in a video
stream may be reduced without re-encoding any video frames
in the data hierarchy by deleting the most dependent frames in
the data hierarchy (in other words, deleting at least some of
those frames upon which no other frames depend). Thus, a
reduced data rate stream would be generated without render-
ing the stream invalid from a decoding standpoint. In some
systems in which a manifest was provided, the router 2400
may add any information for this new data stream to allow a
device to explicitly request the stream. FIG. 32 provides a
graphical example of an MPEG-2 GOP in presentation order
3202 and transmission order 3204 in which the router 2400
may delete some of the most dependent frames (B frames)
3210 before transmitting the GOP to the requesting device. In
this example, fifty percent ofthe B frames are eliminated. The
B-frames that are deleted to generate the new video stream are
shown in dashed outline. Presuming the original data stream
provides a frame rate of 30 frames per second, the reduced
data stream 3200 may provide only 20 frames per second,
thus possibly creating an uneven presentation of stream to the
user, but reducing the data rate of the stream by approxi-
mately 20 percent, thus making delivery of the program to the
device possible without oversubscribing the link from the
router 2400 to the device.

[0210] FIG. 33 presents a graphical example of the same
original MPEG-2 GOP in presentation order 3302 and trans-
mission order 3304 in which the router 2400 deletes all of the
B frames 3310, possibly resulting in a total reduction of the
data rate of the reduced stream 3300 by about 40 percent.
Such a reduction would further reduce the quality of the
presentation by reducing the average presentation rate to
about 10 frames per second, but would result in delivery of the
desired program or channel without creating transmission
problems and/or device buffer underruns in either the request-
ing device or other devices coupled with the router 2400. If
more data rate reduction is required, one or more of the
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less-dependent frames (for example, the P frames) associated
with the removed B frames may be eliminated to further
reduce the data rate of the resulting video stream.

[0211] In other implementations, the router 2400 may per-
form more complicated data rate reduction of a data stream
by, for example, reducing the resolution of selected frames in
each GOP being transmitted. Such a data stream may reduce
the overall video quality of the presentation, but may also
provide a more consistent or even presentation of the video
data to the user by maintaining the original presentation rate
of the original video stream.

Example Computing System

[0212] FIG. 34 shows a diagrammatic representation of
machine in the example form of a computer system 3400
within which a set of instructions, for causing the machine to
perform any one or more of the methodologies discussed
herein, may be executed. In alternative embodiments, the
machine operates as a standalone device or may be connected
(e.g., networked) to other machines. In a networked deploy-
ment, the machine may operate in the capacity of a server or
aclient machine in server-client network environment, or as a
peer machine in a peer-to-peer (or distributed) network envi-
ronment. The machine may be a personal computer (PC), a
tablet PC, a set-top box (STB), a Personal Digital Assistant
(PDA), a cellular telephone, a web appliance, a network
router, switch or bridge, or any machine capable of executing
a set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a
single machine is illustrated, the term “machine” shall also be
taken to include any collection of machines that individually
or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

[0213] The example computer system 3400 includes a pro-
cessor 3402 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU) or both), a main memory 3404 and a
static memory 3406 which communicate with each other via
abus 3408. The computer system 3400 may further include a
video display unit 3410 (e.g., a liquid crystal display (LCD)
or a cathode ray tube (CRT)). The computer system 3400 also
includes an alphanumeric input device 3412 (e.g., a key-
board), a user interface (UI) navigation device 3414 (e.g., a
mouse), a disk drive unit 3416, a signal generation device
3418 (e.g., a speaker) and a network interface device 3420.
[0214] The disk drive unit 3416 includes a machine-read-
able medium 3422 on which is stored one or more sets of
instructions and data structures (e.g., software 3424)
embodying or utilized by any one or more of the methodolo-
gies or functions described herein. The software 3424 may
also reside, completely or at least partially, within the main
memory 3404 and/or within the processor 3402 during execu-
tion thereof by the computer system 3400, the main memory
3404 and the processor 3402 also constituting machine-read-
able media.

[0215] The software 3424 may further be transmitted or
received over a network 3426 via the network interface device
3420 utilizing any one of a number of well-known transfer
protocols (e.g., HTTP).

[0216] While the machine-readable medium 3422 is shown
in an example embodiment to be a single medium, the term
“machine-readable medium” should be taken to include a
single medium or multiple media (e.g., a centralized or dis-
tributed database, and/or associated caches and servers) that
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store the one or more sets of instructions. The term “machine-
readable medium” shall also be taken to include any medium
that is capable of storing, encoding or carrying a set of instruc-
tions for execution by the machine and that cause the machine
to perform any one or more of the methodologies of the
present invention, or that is capable of storing, encoding or
carrying data structures utilized by or associated with such a
set of instructions. The term “machine-readable medium”
shall accordingly be taken to include, but not be limited to,
solid-state memories, optical and magnetic media, and carrier
wave signals.

[0217] Although an embodiment of the present invention
has been described with reference to specific example
embodiments, it will be evident that various modifications
and changes may be made to these embodiments without
departing from the broader spirit and scope of the invention.
Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof, show by way
of illustration, and not of limitation, specific embodiments in
which the subject matter may be practiced. The embodiments
illustrated are described in sufficient detail to enable those
skilled in the art to practice the teachings disclosed herein.
Other embodiments may be utilized and derived therefrom,
such that structural and logical substitutions and changes may
be made without departing from the scope of this disclosure.
This Detailed Description, therefore, is not to be taken in a
limiting sense, and the scope of various embodiments is
defined only by the appended claims, along with the full range
of equivalents to which such claims are entitled.

[0218] Such embodiments of the inventive subject matter
may be referred to herein, individually and/or collectively, by
the term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one is
in fact disclosed. Thus, although specific embodiments have
been illustrated and described herein, it should be appreciated
that any arrangement calculated to achieve the same purpose
may be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the art
upon reviewing the above description.

[0219] The Abstract of the Disclosure is provided to com-
ply with 37 C.F.R. §1.72(b), requiring an abstract that will
allow the reader to quickly ascertain the nature of the techni-
cal disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of
the claims. In addition, in the foregoing Detailed Description,
it can be seen that various features are grouped together in a
single embodiment for the purpose of streamlining the dis-
closure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require
more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in
less than all features of a single disclosed embodiment. Thus
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separate embodiment.

What is claimed is:
1. A method comprising:

receiving a plurality of streams of hierarchical data from at
least one data source into at least one buffer of a router,
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the stream of hierarchical data comprising sequential
data in which future data depends on previous data;

receiving a request from a device to transmit one of the
streams of hierarchical data to the device;

in response to the request, providing initial hierarchical

data from the at least one buffer of the router to the
device, the initial hierarchical data including an access
point to enable decoding of hierarchical data, the access
point decodable without reference to other hierarchical
data; and

after providing the initial hierarchical data, providing addi-

tional hierarchical data from the at least one buffer of the
router to the device.

2. The method of claim 1, further comprising:

selecting at least one of intermediate join data, buffered

data, delayed data, and current data as the initial hierar-
chical data.

3. The method of claim 1, the providing of the initial
hierarchical data and the additional hierarchical data com-
prising transmitting the initial hierarchical data and the addi-
tional hierarchical data at a fixed data rate.

4. The method of claim 1, the receiving of the plurality of
streams of hierarchical data occurring via a multicast.

5. The method of claim 4, the providing of the initial
hierarchical data and the providing of the additional hierar-
chical data occurring via a point-to-point connection.

6. The method of claim 1, each of the plurality of streams of
hierarchical data being associated with a different data rate.

7. The method of claim 6, further comprising:

providing data rate information regarding each of the plu-

rality of streams of hierarchical data to the device.

8. The method of claim 7, further comprising:

receiving the data rate information prior to the providing of

the data rate information to the device.

9. The method of claim 7, further comprising:

generating the data rate information prior to the providing

of the data rate information to the device.

10. The method of claim 6, the request indicating a specific
one of the plurality of streams of hierarchical data, the initial
hierarchical data and the additional hierarchical data being
provided from the specific one of the plurality of streams of
hierarchical data.

11. The method of claim 6, the request indicating a specific
one of the plurality of streams of hierarchical data, the initial
hierarchical data and the additional hierarchical data being
provided from another one of the plurality of streams of
hierarchical data selected by the router, the selection being
based on an available transmission bandwidth.

12. The method of claim 11, the additional hierarchical
data being provided to the device comprising less than an
entirety of the other one of the plurality of streams of hierar-
chical data selected by the router.

13. The method of claim 6, the request indicating a pre-
ferred data rate, the initial hierarchical data and the additional
hierarchical data being provided from one of the plurality of
streams of hierarchical data selected by the router, the selec-
tion being based on the preferred data rate.

14. The method of claim 13, the selection also being based
on an available transmission bandwidth.
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15. A method, comprising:

receiving a plurality of streams of data from at least one
data source into at least one buffer of a router via mul-
ticast, each of the plurality of streams of data being
associated with a unique data rate;

receiving a request from a device to transmit data to the
device;

in response to the request, transmitting data from one ofthe
plurality of streams of data from the at least one buffer of
the router to the device via a point-to-point connection at
the data rate associated with the one of the plurality of
streams of data.

16. The method of claim 15, further comprising:

providing data rate information regarding each of the plu-
rality of streams of data to the device.

17. The method of claim 15, the request indicating a spe-
cific one of the plurality of streams of data, the data being
transmitted to the device being from the specific one of the
plurality of streams of data.

18. The method of claim 15, the request indicating a spe-
cific one of the plurality of streams of data, the data being
transmitted to the device being from another one of the plu-
rality of streams of hierarchical data selected by the router, the
selection being based on an available transmission band-
width.

19. The method of claim 15, the request indicating a pre-
ferred data rate, the data being transmitted to the device being
from one of the plurality of streams of data selected by the
router, the selection being based on the preferred data rate.

20. The method of claim 19, the selection also being based
on an available transmission bandwidth.

21. An apparatus, comprising:

a multicast communication interface to receive a plurality
of streams of data, each of the plurality of streams of data
being associated with a unique data rate;

at least one buffer to store the received plurality of streams
of data;

a point-to-point communication interface to receive a
request from a device to transmit data to the device, and
to transmit data from one of the plurality of streams of
data from the at least one buffer to the device in response
to the request; and

control logic to process the request to select the one of the
plurality of streams of data.

22. The apparatus of claim 21, the control logic to provide
data rate information regarding each of the plurality of
streams of data to the device via the point-to-point commu-
nication interface.

23. The apparatus of claim 21, the request indicating a
specific one of the plurality of streams of data, the control
logic to select the specific one of the plurality of streams of
data.

24. The apparatus of claim 21, the request indicating a
specific one of the plurality of streams of data, the control
logic to select another one of the plurality of streams of data
based on an available transmission bandwidth.

25. The apparatus of claim 21, the request indicating a
preferred data rate, the control logic to select one of the
plurality of streams of data based on the preferred data rate.

26. The apparatus of claim 25, the selection also being
based on an available transmission bandwidth.
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