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(57) Abstract: Methods by a content distribution system and related adaptive streaming segmenter nodes and adaptive streaming re-
segmenter nodes are disclosed. An adaptive streaming re-segmenter node includes at least one network interface that receive a series
of segmented files for each of a first plurality of content streams having different coding bit rates of a same source media content.
Circuitry combines the series of segmented files to generate a second plurality of content streams having different coding bit rates.
The circuitry selects among a plurality of distribution container formats responsive to a streaming protocol used by one of the user
equipment nodes, and selects among the second plurality of content streams responsive to available resources at the user equipment
node. The circuitry also communicates the selected one of the second plurality of content streams toward the user equipment node
using the selected distribution container format.
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METHODS AND APPARATUS FOR SEGMENTING, DISTRIBUTING, AND
RESEGMENTING ADAPTIVE RATE CONTENT STREAMS

TECHNICAL FIELD
The present discloswre relates to conwmunication networks and, more
particularly, to content distribution systems that provide adaptive rate content streams

to user equipment nodes.

BACKGROUND

Content providers have long struggled with how to provide content at a high
availability and high performance to their costomers in view of bandwidth limitations
i content distribution networks. A Content Delivery Network (CDN}) can be a large
distributed svstem of servers deploved in multiple data centers connected to the Iternet
or other public/private communication network. The goal of a CDN 15 1o serve media
content {e.g., video/audio/ete.) to User Equipment nodes (UEs) with high availability and
high performance. Example UEs that can receive media content are set-top-boxes,
television, mulimmedia computers, and wireless terminals {c.g., smart phones and tablet
COTRpULErs),

Requests from UEs for media content are typically algorithmically directed to
CIDIN servers that are optimal in some way. When optimizing for performance, CDN
server locations that can provide the best performance for serving media content to a
UE may be chosen. This may be measured by choosing CDN server locations that have
the fewest network node hops, the fastest network bandwidth, or the highest
performance availability. Performance can be increased by replicating/moving media
content from g central CDN server to distributed Edge replication servers that are
located at the edge of the network close to UEs.

The bandwidth requirements for distributing content from content providers to
central CDN servers andior to distributed Edge rephcation servers have grown
tremendously with the proliferation of adaptive streaming content delivery solutions.
Adaptive streanung technology is being implemented to handle increasing consumer
demands for streaming content from Over The Top (OTT) applications on OTT content

servers (e.g., broadcast and on-demand movies/TViete ) across a content distribution network
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to UEs having widely differing performance and protocols.  Example adaptive streaming
wehmology that contimses to be developed includes Apple initiated HTTP Live Streaming
{HLS) protocol, Microsoft initiated Smooth Streaming over HTTP protocol, Adobe
initiated Dvnamic Streaming protocol, and MPEG Dynamic Adaptive Streaming over
HTTP (MPEG DASH) protocol.

Adaptive streaming technology converts a source media content stream o a
plurality of content streams having different coding bit rates. A group of multiple bit
rate content streams mayv be transcoded to provide a plarality of groups of maltiple bit
rate content streams having different distribution container formats that can be required
by differont streaming protocols used by UEs (e.g., HLS protocol, Smooth Streaming
protocol, Dynamic Streaming protocol, MPEG DASH protocol, ete.). Accordingly, a
single group of multiple bit rate content streams can result in numercus groups of
differently formatted multiple bit rate content streams that need to be distributed and
stored at a central CDN server and/or distributed to Edge replication servers to enable
high availability and high performance delivery to many different types of Uls.
Distributing media content in this manner consumes tremendous systent resowrces,

Distributing media content streams through the content distribution system can
be further complicated by operation of many content delivery servers that precludes
reading of incoming content streams wntil the content streams have completed being
written to corresponding files.  With adaptive bit rate files, which can grow in real time
for live media content, the delay in forwarding of content from one content dehivery
server to another content delivery or UE may result in reduced or unacceptable content
delivery performance.

The approaches described in this section could be pursued, but are not
necessarily approaches that have been previously conceived or pursued. Therefore,
unfess otherwise indicated herein, the approaches described in this section are not prior
art to the claims in this application and are not admitted to be prior art by inclusion in

this section.
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SUMMARY

some embodiments are divectad o a method by a content distribution system
for providing adaptive rate content streams to a plarality of user equipment nodes. The
method includes receiving a first plurality of content streams having different coding
bit rates of a same source media content.  Each of the first plurality of content streams
are segmented Into @ corresponding series of segmented files. The series of segmented
files for each of the first plurality of content streams are communicated from an
adaptive streanung segmenter node toward an adaptive streanung re-segmenter node
through a content distribution network using a single distribution container format for
each of the series of segmented files. At the adaptive streaming re-segmenter node,
each of the series of segmented files are combimed to generate a second plurality of
content streams having different coding bit rates. A plurality of distribution container
formats are selected among responsive to a streaming protocol used by one of the user
equipment nodes. The second plurality of content streams are selected responsive to
available resouwrces at the user equipment node. The selected one of the second
phurality of content streams is conymunicated from the adaptive streaming re-segmenter
node toward the user equipment node using the selected distribution container format.

Because the plurality of content streams are segmemted nto a series of
segmented files, each of the segmented files can be quickly made available for reading
after writing is completes by a CDN server which requires completion of writing before
reading iz permitted. Moraover, system resources are conserved by communicating the
series of segmented files using a single distribution container format from the adaptive
streamung segmenter node to the adaptive streaming re-segmenter node, which is
possible because the adaptive streaming re-segmenter node is responsible for de-
segmenting and generating a plurality of content streams that are be communication
using vartous different distribution contaner formats that are compatible with
streanting protocols of the UEs.

Some other embodiments are directed to an adaptive streaming segmenter node
of a content distribution system that provides adaptive rate content streams for a
plurality of user equipment nodes. The adaptive streaming segmenter node inclades at
least one network interface that is configured to receive a first plurality of content

streams having different coding bit rates of a same source media content. The adaptive
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streaming segmenter node further includes circuitry that Is configured to segment each
of the first plurality of content streams o a corresponding series of segmented files,
The circuit also communicates the sevies of segmented files for each of the first
plurality of content streams toward an adaptive streaming re-segmenter node through
the at least one network interface and a content distribution petwork using a single
distribution container format for each of the series of segmented files.

Some other embodiments are directed to an adaptive streaming re-segmenter
node of a content distribution system for providing adaptive rate content streams to a
plurality of user equipment nodes. The adaptive streaming re-segmenter node includes
at least one network mterface that is configured to receive a series of segmented files
for cach of a first plurality of content streams having different coding bit rates of a
same source media content.  The adaptive streanung re-segmenter node further includes
circuitry configured to combine the series of segmented files to generate a second
plarality of content streams having different coding bit rates.  The circuitry selects
among a plurality of distribution container formats responsive to a streaming protocel
used by one of the user eguipment nodes.  The cucuiiry selects among the second
plurality of content streams responsive to available resources at the user equipment
node. The circuit also commmunicates the selected one of the second plurality of content
streams toward the user equipment node using the selected distribution container
format,

Other methods and apparatuses according 10 embodiments of the invention will
be or become gpparent to one with skill m the art upon review of the following
drawings and detaifed descaption. It 15 intended that all such additional methods and
apparatuses be included within this description, be within the scope of the presemt
mvention, and be protected by the accompanying claims. Moreover, 1t 15 intended that
all embodiments disclosed hersin can be implemented separately or combined in any

way and/or combination.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are included 1o provide a further

understanding of the disclosure and are mcorporated in and constitute a part of this
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application, ilustrate certain non-limiting embodiment(s) of the invention. In the
drawings:

Figure 1 is a block diagram of a content distribution system that is configured to
operate according 10 some embodiments;

Figure 2 is a block diagram of a portion of the content distribution svstemy of
Figare | according to some embodiments;

Figure 3 15 a data flow diagram that illusirates operations and methods
performed by various nodes of the content distribution svstem of Figures 1 and 2
according to some embodiments;

Figure 4 illustrates a series of segmented content streams that are output by the
adaptive streaming segmenter node and received by the adaptive streaming re-
segmenter node of Figures | and 2 according to some embodiments;

Figure 5 illustrates a plurality of different format comtent streams that are
generated by the adaptive streaming re-segmenter node combining the segmented
content streams of Figure 4 according to some embodiments;

Figures 6a-c illustrates a plurality of different format content strearus that are
generated by the adaptive streaming re-segmernter node combining the segmented
content streams responsive to streaming protocols used by a plurality of user equipment
nodes according to some embodiments;

Figures 7-9 are flowcharts of operations and methods that may be performed by
the adaptive streaming segmenter node of Figures 1 and 2 according to some
embodiments;

Figures 10-14 are flowcharts of operations and methods that may be performed
by the adaptive streaming re-segmenter node of Figures | and 2 according to some
embodiments; and

Figure 13 13 a block diagram of an example network node that may be used for
one or more of the network nodes of Figures 1 and 2 and configured to operate

according to some embodiments.

DETAILED DESCRIPTION
The invention will now be described more fully hereinafter with reference to the

accompanying drawings, in which embodiments of the mvention are shown. This
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mvention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein,

Some emboduments are directed 10 a content distiibution system in which a
series of adaptive streaming friendly encoded content streams, such as audio-video
streants, are segmented into a series of files by a vetwork node located in & backend
portion of the svstem, and then transfemred n segmented portions having a single
distribution container format through a content distribution network to another network
node which combines the files to generate a plurality of adaptive rate content streams
that can be transcoded, re-muxed, re-segmented mto different formats which are
compatible for distribution according to a plurality of different streaming protocols to
UFEs.

Because the phaality of content streams are segmented into a series of
segmentad files at the backend of the svstem, each of the segmented files can be
quickly made available for reading and further distribution, afler writing i3 completed
by a CON server that requires completion of writing before reading is permitted.
Moreover, content distribution system resources are conserved by comumunicating the
series of segmented files using a single distribution container format.

Figore T 1s a block diagrany of a content distaibution system that is configured to
operate according to some embodiments. Figure 2 is a simplified block diagram of a
portion of the content distribution system of Figure 1, showing a commmunication
pathway from a content source 116/110 to Uks 140, Referring to Figures 1 and 2, the
system includes a broadeast source 100 that outputs a broadeast feed 102 {e.g a content
stream containing source media content) to one or more adaptive streaming friendly
transcoders 104, The adaptive streaming friendly transcoders 104 output a plorality of
content streams 106 {e.g., broadeast adaptive streaming friendly transcoded streams)
having different coding bit rates of the same source media content. Thus, for example,
a broadcast movie stream 102 can be encoded to provide a plurality of content streams
having different coding bit rates {e.g. 4 Mbps, 2 Mbps, | Mbps, 500 Kbps, etc.) of the
samie broadcast movie stream 102 to enable adaptive bit rate streaming capability for a
UE.

The content distribution svstemy may alternatively or additionally include a

Video on Demand (VOID) server 110 that can stream adaptive streaming friendly
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encoded content streams 112, which have different coding bit rates of the same source
media content.  Thus, the contert source 107110 of Figure 2 may be the broadeast
source 100 and/or the VOD server 110. When the content source is the VOD server
110, the adaptive streaming friendly transcoders 104 may not be needed because the
adaptive streaming friendly transcoded streams (having different coded bit rates) can
already be stored in memory {e.g.. magnetic hard drives) of the VOD server 110,

The system also includes a plorality of UEs 140 that, for purposes of
explanation of various embodiments, are configured to receive an adaptive content
stream using different distribution container formats of different protocols,  For
example, the UEs 140 may mclude, bat are not limited to, a tablet computer 142 which
lkas a client apphication that receives an adaptive content stream: using a first
distribution contamer format for Apple mitiated HLS streaming protocol, a television
144 that receives an adaptive content stream using a second distribution comtainer
format for Microseft initiated Smooth Streaming over HTTP protocol, a game console
146 that receives an adaptive content stream using a third distribution container format
for the Adobe nitiated Dynamic Streaming protocel, and a personal computer 148 that
receives an adaptive content stream using a fourth distribution container format for
MPEG DASH protocol.

Consequently, in order to provide adaptive bit rate content streams to the
different UEs 140, some network node within the system must generate many differens
distribution container formats {e.g., four ditferent formats for the UEs 140 of Figure 1)
of the adaptive bit rate content stregms. However, instead of generating all of the
needed formats at the backend of the system and then streanung the nmumerous
differently formatted versions of the adaptive bit rate content streams through the
distribution network, the differently formatted versions are mstead generated by a
network node that is located closer to the UEs 140 and which mayv be located at an edpe
of the distribution network.

Various operations and metheds that may be performed by an adaptive
streaming segmenter node 108 and an adaptive streamuing re-segmented node 130 to
provide differently formatted versions of adaptive bit rate content streams to the UEs
140 are described below with further reference to the data flow diagram of Figure 3, the

content streams of Figure 4-6, and the flowcharts of Figure 7-14.
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Example data flows through various network nodes of the content distribution
system are shown i Figure 3. Referring to Figwre 3, the content source 1004110
provides (block 300) adaptive swreaming friendly transcoder content streams {e.g.,
plurality of different coding bit rates of a same source media content). The streaming
segmenter node 108 generates {(block 302) & series of segmented files which are
commimicated using a single distuibution container format. The segmented files are
communicated to a content delivery network {CDN) server 116, which distributes
{block 304} the files using the single distribution container format to an edge
replication server 116. The edge replication server 116 funther distributes (block 306)
the files using the single distribution container format to an adaptive streansing re~
segmenter node 128, The adaptive streaming re-segmenter node 128 combines the
segmented files to generate {block 308) different format content streams, as need for
commumnication according to different streaming protocols used by various UEs 140.
The adaptive streamung re-segmenter node 128 provides adaptive bit rate streaming of
the content the UEs 140 using selected ones of the format content streams which are
compatible with the different streaming protocols used by corresponding ones of the
UEs 140,

Accordingly, the responsibility tor geverating different format adaptive bt rate
content streams is placed on the adaptive streaming re-segmenter node 128, which can
be located close to the UEs. In some embodiments, the adaptive streaming re-
segmenter node 128 may be a separate physical network node located m the
commynication pathway between the edge replication server 124 and the UEs 140, In
some other embodiments, the adaptive streaming re-segmenter node 128 may be
provide by functional modules that are pant of the edge replication server 124 andfor
that are part of the CDN server 116.

Further operations and methods that can be performed by the content
distribution network, according to some further embodiments, are described below with
regard to the block diagram of Figure 2, the comtent streams of Figure 4-6, and the
flowcharts of Figure 7-14

The adaptive streaming segmenter node 108 is configured to receive {block 700,
Fig. 73, from the adaptive streaming friendly wanscoders 104 and/or from the VOD

server 110, a fivst plorality of content streams 106/112 having different coding bit rates
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of a same source media content. Each of the first plurality of content streams are
segmented (block 702, Fig. 7} wto 8 comesponding series of segmented files. The
adaptive streaming segmenter node 108 conunumicates (block 704, Fig. 7) the series of
segmented files for each of the first plurality of content streams using a single
distribution container format {e.g., a single format selected responsive to one oft HLS
protocol, HTTP Dynamic Streaming protocel, MPEG DASH protocol, Smooth
Streaming protocol, or another protocol) for each of the series of segmented files. The
series of segmented files are communicated using the single distribution container
format toward the adaptive streaming re-segmenter node 128 through, for example, the
CDN server 116, a content distribution network 120, and the edge replication server
124,

The segmentation, of each of the first plurality of content streams, can be
performed by writing (block 800, Fig. 8) each successive segment of a first defined
length to a different segmented fle {e.g.. a defined addressable range in memory which
may include semiconductor memory, magnefic storage, ete.) to genemate the
corresponding series of segmented files for the content stream. The adaptive streaming

segmenter node 108 can respond (block 900, Fig. 9) to completion of writing one of the
segmented fites by communicating the complete written one of the segmented files
toward the adaptive streaming re-segmenter node.

Thus, when writing of an individual segmented file 18 completed, the individual

segmented file can be communicated as one of the senes of smmgle format adaptive
streaming segmented files 114 to the ongin CDN server 116, The CDN server 116 can
correspondingly owtput the smgle format adaptive streaming segmented files 114
through the content distribution network 120 to a closest edge replication server 124

Figure 4 illustrates a non-hmiting example embodiment in which a serjes of
segmented files 410, 420 are ocutput by the adaptive streaming segmenter node 108 of
Figures 1,2 according to some embodiments. Referring to Figure 4, the adaptive
streaming segmenter node 108 receives a plurality of content streams 106 or 112
having different coding bit rates from the adaptive streaming friendly transcoders 104
or the VOD server 116, Each of the example content streams 106 or 112 may mmclude
multiplexed video content and audio content, or the video contemt and aundio content

may be provided in separate adaptation sets {e.g., separate streams for video and audio).
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The adaptive streaming segmenter aode 108 segments a fust stream (stream 1),
containing audio and video comtent encoded with a first bitrate to provide a
corresponding series of segmented video files 410 and segmented audio files 420.
Similarly, the adaptive streaming segmenter node 108 segments a sscond stream
{stream 2) containing audio and video content encoded with a second bitrate to provide

a corresponding series of segimented video files 410 and segmented audio files 420, and

1 1

can repeat the segmentation process for "n" other streams encoded with "n" other
bitrates to provide "n" other corresponding series of segmented video files 410 and
segmented audio files 420, In the example, n 15 a plural natural number.

The adaptive streaming segmenter node 108 also outputs a manitfest 430
representation containing informational descriptions of the series of segmented files
410,429, which may include, but are not limited to: 1) wdentifving files that comprise
related media content; 2) identifving heuristic parameters of the segmented files
410,420, such as bit rate; andfor 3) identifving addressable locations of the files
memory (e.g., magnetic disk drive, semiconductor memory, etc.) for accessibility by a
client module on the Uls 140, The manifest 430 s communicated from the adaptive
streaming segmenter node 108 o the adaptive streaming re-segmenter node 128 via, for
example, the origin CDN server 116, the content distribution network 120, and the edge
replication server 124,

The adaptive streaming ve-seamenter node 128 recetves (block 1000, Fig, 10)
the series of single format adaptive streaming segmented files 114 from the edpe
replication server 124, In some embodiments, the adaptive streaming re-segmenter
node 128 reads (block 1400, Fig. 14) the series of segmented files 126, using the
manifest 430, from the edge replication server 124 andior from the CDN server 116
The series of segmented fles are combined (block 1002, Fig. 10} to generate a second
plurality of content streams having different coding bit rates, The second plurality of
content streams may be identical to the fust plurality of content streams that are
provided to the adaptive streaming segmenter node 108. Thus, the adaptive streaming
re-segmenter node 128 may regencrate the broadcast adaptive streaming friendly
trapsmitted streams 106 or the VOD adaptive streaming friendly fransmitted streams

112 that are provided to the adaptive streaming segmenter node 108,
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The adaptive streaming ve-segmenter node 128 selects (block 1004) among a
plurality of distribution comainer formaty responsive to g streaming protocol that 18
used by one of the UEs 140 which will recetve the content stream. Thus, for example,
when the content stream is being provided to the tablet computer 142, the adaptive
streantng re-segmenter sode 128 can select a first distribotion comtainer format that is
compatible with the Apple mitiated HLS streaming protocol.  Similarly, the adaptive
streaming re-segmenter node 128 can select the following distribution container
formats for use 1 streaming the content stream to the other UBs 140, for example, as
follows: for the television 144, select a second distribution comtainer format compatible
with Microsoft initiated Smooth Streansing over HTTP protocol; for the game console
146, select a third distnibution container forniat compatible with the Adobe intisted
Dynamic Streaming protocol; for the personal computer 148, select a fourth distribution
container format compatible with MPEG DASH protocol.

Other distribution container formats may be used as desired/needed for other
streaming protocols that may be use by UEs, and a single UE may have a plurality of
different client modules that uwse a plorality of different streaming protocols.
Accordingly, a plurality of different distnibution comtainer formats nwy be
simuhtancously used 1o a plurality of streaming sesstons between the adaptive streaming
re-segmenter node 128 and client modules on a single UE to comumunicate streaming
content.

The selected distribution container format may make it desirable’required to re-
segment the second plurality of content streams to have a different segment size than
used by the adaptive streaming segmenter node 108 to segment the first plorality of
content streams 106/112. Because the adaptive streaming segmenter node 108 can
output a plurality of different formats as needed by the UEs 149, the adaptive streaming
segmenter node 108 can re-segment the second plurahity of content streams to provide a
different size for the segmented files, when needed, for each different format.

‘The bit rate of the content stream that i3 provided to one of the UEs 140 can be
dvnamically adjusted, to provide adaptive bitrate comtent streanung, by selecting (block
1006, Fig. 10) among the second plurality of content streams, which have different
coding bit rates, in response to the present bandwidth and/or CPU capacity of the UE.

The UE may control the selection {e.g., by communicating selection requests, such as
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read requests, for a particular one of the content streams) and/or the adaptive streaming
re-segmenter node 128 may control the selection {e.g., by determining the bandwidth
and/or capacity of the UE, such as by deternuning a present input buffer capacity of the
UE).

The selected one of the second plurahity of content streams is comnmnicated
{Block 1008, Fig. 10) toward the user equipment node using the selected distribution
container format.

The operations and methods of Figure 10 can be repeated (block 1200 of Fig
12} for each of the UEs 140 so that the adaptive streaming re-segmenter node 128
functions to communicate adaptive streamving of content 1o each of the UEs 140 wsimg
distribution container formats that are selected for compatibility with each streamung
protocol used by the Uks 140,

To re-segment and communicate the second plurality of content streams, the
adaptive streaming re-segmenter node 128 can, for each different format of the second
plurality of content streams, generate a manifest {(block 1300, Fig. 13) that identifies an
address, to a location within a memory managed by the adaptive streaming ve-
segmenter node 128, from which the UEs 140 can read selected ones of the second
plarality of content streams to control the content streanung bitrate to the corresponding
UEs 140, A different manifest can be generated for each different distribution
coutainer format that can be output by the adaptive streaming re-segmenter node 128,

By way of further example, Figures 5 and 6a-b illustrates a plurality of different
format content streams that gre generated by the adaptive streanung re-segmenter node
128 by combining the segmenied content streams of Figure 4 according to some
embodiments.  Referring to Figure 5, the adaptive streaming re-segmenter node 128
reads the manifest 430, and combines the series of segmented files to generate n
different segmented second phurality of content streams {e.g., stream 1 haviang video bt
rate | and audio bit rate 1, stream 2 having video bit rate 2 and audio bit vate 2; and s0
on to stream "n” having video bit rate "n" and audio bit rate "n").

The adaptive stregnung re-segmenter node 128 further generates "n" different
distribution container formats of the second plurality of content streams (e, "re-
segment/remux stream 17, "re-segmentremux stream 27, "re-segment/remux stream n”

of Fig. 5} as needed to stream the content accordmgyg to the "n" different protocols
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required by the UEs 140. For example, the second plurality of content streams can be
re-segmented usiug different segment lengths that are determined based on each of the
selected formats. Moreover, the video content and audio content may be multiplexed
together or separated into separate video and andio streams as desiredirequired for

vartous streaming protocols used by different ones of the UEs 140 when generating the

11} n

"n" different formatted content streams (e.g., "re-segmentramux stream 17, "re-

b

segment/remux stream 2", "re-segmentremux stream n” of Fig. 5). Examples of "n"
different formatted content streams are shown in Figures 6a-c.

Referring to Figore 6a, first formatted re-segmemted/remuoxed group of streams
are genevated as a series of segmented files of length 4 seconds for each of the bit rate
streams. The adaptive streaming re-segmenter node 128 generates a corresponding
manifest 600a that identifies addresses to locations within a memory from which the
UEs 140 can read the series of files for a selected bit rate having the first format. The
manifest 600a may contain other nformation as explained above, such as mformation
that identifies files that comprise related media content, information identifving bit rate
or other heursstic parameters of the files, ete.

The first formatted content streams can be generated, from sach of the second
plurality of content streams (e.g., the different rate content streams of Fig. 5). by
writing {block 1100, Fig. 11} each successive segment of a defined lenpth (e.g., 4
seconds) to a different segmented file in the memory to generate a corresponding serics
of segmented files. A manifest can be generated (block 1102, Fig. 11) for the first
format content streams that identifies addresses to locations within the memory from
which the UBEs 40 can read the first format content streams. The mamdest is
communicated (block 1104, Fig. 11} to the UEs 140 which have compatible streaming
protocols.

Referring to Figure Ob, by similar operations to those of Figure 6a, second
formatted re-segmentediremuxed gronp of streams are generated as a series of
segmented files of length 7 seconds for each of the bit rate streams. The adaptive
streaming re-segmenter node 128 generates a corresponding manifest 600b that
identifies addresses to locations within a memory from which the UEs 140 can read the

series of files for a selected bit rate having the second format. The manifest 600b may
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contain other information as explained above, The manifest 600b is communicated to
the UEs 140 which have compatible streaming protecols.

Referving to Figure 6c, similarty, “nth" formatted re-segmentediremuxed group
of streams are generated as a series of segmented files of length 10 seconds for each of
the bt rate streams.  The adaptive streaming re-segmenter node 128 generates a
corresponding manifest 600n that identifies addresses to locations within a memory
from which the UEs 140 can read the series of files for a selected bit rate having the
"nth” format. The manifest 600n may contain other mformation as explained above.
The manifest 600n s commuwicated to the UEs 140 which have compatible streaming

protocols.

Example Network Node;

Figure 15 is a block diagram of a network node 15300 that is configured
according to some embodiments. The network node 1500 may be used in one or more
of the network nodes described above with regard to Figures 1-14, including, but not

limited 1o, the content source 100/110, the adaptive streaming friendly transcoders 104,

¢ segmenter node 108, the CDN server 116, one or more nodes of

el e

the adaptive streamin
the content distribution network 120, the edge replication server 124, the adaptive
streaming re-segmenter node 128, andior one or more of the UEs 140, The network
noede 1500 can include one or more network interfaces 1530, processor cirouitey 1510,
and memory circuitry/devices 1520 that contain functional modales 1522, The network
node 1500 may further inclode radio transceiver circuityy when included in a wireless
communication type of UE 140 {e.g., mobile phone, wireless computer, ete.).

The processor circnitry 1510 may inclode one or more data processing circuits,
such as a general purpose and/or special purpose processor {e.g.. microprocessor and/or
digital signal processor).  The processor circuitry 1510 i3 configared to execute
computer program mstructions from the functional modules 1522 i the memory
circuitry/devices 1520, described below as a computer readable medium, to perform
some or alt of the operations and methods that are described above for one or wore of

the embodiments, such as the embodiments of Figures 1-14.
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Further Definitions and Embodiments:

In the above-description of various embodiments of the present invention, it s
to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the mvention. Unless
otherwise defined, all terms {including technical and scientific terms) used hevemn have
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. It will be farther understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a8 meaning that 15
consistent with their meaning in the context of this specification and the relevant art
and will not be terpreted in an idealized or overly formal sense expressly so defined
herein,

+

When an element is referred to as being "connected”, "coupled”, "responsive”,
or vartants thereof to another element, it can be directly connected, coupled, or
responsive to the other element or intervenmng elements may be present. In contrast,
when an element is referred to as being "directly connected”, "directly coupled”,
"directly responsive”, or variants thereof to another element, there are no intervening
elements present. Like numbers refer to like elements throughout.  Furthermore,
"coupled”, "comnected”, "responsive”, or variants thereof as used herein may mclode
wirelessly coupled, connected, or responsive. As used herein, the singular forms "a",
“an" and "the" are intended to inchlude the plural forms as well, unless the contexy
clearly indicates otherwise.  Well-known functions or copstructions may not be
described i detail for brevity and/or clarity.  The term "andfor” or /" includes any and
all combinations of one or more of the associated histed items.

As used herein, the terms “comprise”, "comprising”, "comprises”, "include”,
“ncluding”, "mncludes”, "have”, "has", "having", or varnants thereof are open-ended,
amcl include one or more stated features, integers, elements, steps, components or
functions but does not preclude the presence or addition of one or more other features,
mtegers, elements, steps, components, functions or groups thereof.  Furthermore, as

3 e 1

used herein, the common abbreviation "e.g”, which denives from the Latin phrase
“exemphi gratia,” may be used to introduce or specify a general example or examples of

a previously mentioned tery, and is not intended to be limiting of such wtem. The
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common abbreviation "te, which derives from the Latin phrase "id est” may be used
to specify a particular em from a more general recitation,

Example embodiments are described herein with reference 1o block diagrams
and/or flowchart iHustrations of computer-implemented methods, apparatus (systems
andfor devices) andfor computer program products. It is understood that a block of the
block diagrams andfor flowchart ilustrations, and combinations of blocks in the block
diagrams and/or flowchart illustrations, can be implemented by computer program
mstructions that are performed by one or more computer circuits,  These computer
program instructions may be provided to a processor circuit of a general purpose
compater circuit, special purpose computer circuit, andor other programmable data
processing circuit to produce a machine, such that the mstructions, which execute via
the processor of the computer and/or other progranunable data processing apparatus,
transform and control transistors, values stored in memory locations, and other
hardware components within such cirewitry to implement the functions/acts specified in
the block diagrams andior flowchart block or blocks, and thereby create means
{functionality) andfor strocture for muplementing the functions/acts specified in the
block diagrams and/or flowchart block(s).

These compater program instructions may also be stored i a tangible
computer-readable medium that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the wmstructions stored
i the computer-readable medium produce an article of manufactire mchuding
tnstructions which implement the functionsfacts specified in the block diagrams andior
Howchart block or blocks.

A tangible, non-transitory computer-readable medium  may  include an
efectronic, magnetic, optical, electromagnetic, or semiconductor data storage system,
apparatus, or device. More specific examples of the computer-readable medium would
include the following: a portable conmpuier diskette, a random access memory (RAM)
circuit, & read-only memory (ROM) circuit, an erasable programmable read-only
memory {EPROM or Flash memory) circuit, a portable compact dise read-only memory
{CD-ROM), and a portable digital video disc read-only memory (DVID/BlueRay).

The computer program instructions nway also be loaded onto a computer and/or

other programmable data processing apparatus to cause a series of operational steps to
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be performed on the computer andfor other programmable apparatus to produce a
computer-implemented process such that the mstructions which execute on the
computer or other programmable apparatus provide steps for implementing the
functionsfacts specified i the block diagrams andfor flowchart block or blocks.
Accordingly, embodiments of the present avention may be embodied in hardware
andfor tn software (including firmware, resident seftware, micro-code, etc.) that runs on
a processor such as a digital signal processor, which may collectively be referred to as

L

"eircutry,” "a modale” or varianis thereof,

It should also be noted that in some alternate implementations, the
functions/acts noted in the blocks mav occur out of the order noted in the Howcharts.
For example, two blocks shown in succession may m fact be exccuted substantially
concwrently or the blocks may sometimes be executed in the reverse order, depending
upon the functionality/acts involved. Moreover, the functionality of a given block of
the flowcharts andior block diagrams may be separated into muldtiple blocks andfor the
functionality of two or more blocks of the flowcharts and/or block diagrams may be at
feast partially mtegrated.  Finally, other blocks may be addedfmserted between the
blocks that are iltustrated. Moreover, although some of the diagrams include arrows on
communication paths 1o show a primary direction of commumication, it & to be
understood that communication may occur in the opposite direction to the depicted
rrOws.

Many different embodiments have been disclosed herein, in connection with the
above description and the drawings. It will be understood that it would be unduoly
repetitious and obfuscating to erally describe and Hustrate every combination and
subcombination of these embodiments.  Accordingly, the present specification,
mcloding the drawings, shall be construed to constitute a complete written description
of varions example combmations and subcombinations of embodiments and of the
manner and process of making and using them, and shall sopport claims 0 any soch
combination or subcombination.

Many vanations and modifications can be made to the embodiments without
substantially departing from the principles of the present invention. All such variations
and modifications are intended to be included herein within the scope of the present

myvention.
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CLAIMS:
i A method by a content distribution system for providing adaptive rate content
streams to a plurality of user equipment nodes, the method comprising the steps of:

receiving a first plurality of content streams having different coding bit rates of
a same source media content;

segimenting each of the first plurality of content streams o a corresponding
series of segmented files;

communicating the series of segmented files for each of the first plurality of
content streams from an adaptive streamung segmenter node toward an adaptive
streaming re-segmenter node through a content distribution network using a single
distribution contamer format for each of the series of segmented files;

combming, at the adaptive streaming re-segmenter node, each of the series of
segmentad files to generate a second plurality of content streams having different
coding bit rates;

selecting among a plurality of distribution container formats responsive 10 a
streaming protocol used by one of the user equipment nodes;
selecting among the second plurality of content streams responsive to available
resources at the user equipment node; and

communicating the selected one of the second plurality of content streams from
the adaptive streaming re-segmenter node toward the user equipment node using the

selected distribution contatner format.

ot

2. The method of Claim 1. wherein the second plorality of content streams are

identical to the first plurality of content streams.

3. The method of Clapm |, wherem segmenting each of the first plurality of
content streanms into the corresponding series of segmented files comprises:

for each of the first plurality of content streams, writing each successive
segment of a first defined length to a different segmented file to generate the

cotresponding series of sepmented files for one of the first plurality of content streams.

4, The method of Claim 3, hwrther comprising the step of!
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responding to completion of writing one of the segmented files by nitiating the
step of communicating the complete written one of the segmented files from the

adaptive streaming segmenter node toward the adaptive streaming re~-segmenter node.

5. The method of Claim 3, wherein communicating the selected oune of the second
plurality of content streams from the adaptive streaming re-segmenter node toward the
user equipment node using the selected distribotion container format, comprises:
writing each successive segment of the selected one of the second plarality of
content streams of a second defined length to a differemt segmented file, the second
defined length being determined responsive to the selected distribution container

format.

6. The method of Claim 1, further comprising the steps of. by the adaptive
streaming re~segmenter node:

for each of the plurality of the user equipment nodes, repeating the step of
selecting among the plurality of distribotion container formats, the step of selecting
among the second plurality of content streams, and the step of communicating the
selected one of the second phuality of content strearss vsing the selected distribution
container format,

wheremn at least two of the user equipment nodes use differenmt streaming
protocols for which the adaptive streaming re-segmenter node selects different

distribution container formats,

7. The method of Claim 6, further comprising:

for each of the second phuality of content streams, generating a manifest that
identifies an address, to & location within a memory managed by the adaptive streaming
re-segmenter node, from wiich the user equipment nodes can read selected ones of the
second plurality of content streams, and communicating the manifest to the user

equipment nodes.
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& The method of Claim 7, wherein communicating the selected one of the second
plurality of content streams from the adaptive streaming re-segmenter node toward the
user equipment node using the selected distribution container format comprises:
responding to a read request identifving an address in the memory of a segment
of the one of the second phurality of content streams, by communicating the segment
from the adaptive streaming re-segmenter node toward the user equipment node using

the selected distnibution container.

9. The method of Claim 6, wherein selecting among the plorality of distribution
container formats responsive to the streammg protocol used by the user equipment node
COMPISEs:

selecting among a HTTP Live Streaming protocol, a HUTP Dynamic Streaming
protocol, a MPEG Dynamic Adaptive Streanmung over HTTP protocol, and a Smooth

Streaming protocol.

16, The method of Clamm 1, fTurther comprising the steps of, by the adaptive
streaming re-segmenter node:
reading the series of segmented files for each of the first plurality of content

streams from a content distribution network server or from an edge replication server.

1. An adaptive streaming segmenier node of a content distribution system for
providing adaptive rate content streams for g plorality of user equipment nodes, the
adaptive streaming segmenter node comprising:
at least one network interface configured to recetve a first plurality of content
streams having different coding bit rates of a same source media content; and
circuitry configured o)
segment each of the st plarality of comtent streams mto a
corresponcling series of segmented files; and
comnwnicate the senies of segmented files for each of the first plurality
of content streams toward an adaptive streaming re-segmenter node through the
at least one network interface and a content distribution network using a single

distribution container format for each of the senies of segmented files.



WO 2013/150437 PCT/IB2013/052605

16

Tt
145

P
)

P

2. The adaptive streaming segmenter node of Clamn 11, wherein the cienitry is
further configured to:

segment each of the content streams nto the corresponding series of segmented
files by, for each of the first plurality of content streams, writing each successive
segment of a first defined length to a different segmented file to generate the

corresponding series of segmented files for the content stream.

13 The adaptive streaming segmenter node of Clann 12) wherein the cuicuitry 15
further configured to:

respond to completion of writing one of the segmented files by communicating
the complete writien one of the segmented files toward the adaptive streanung re-

segmenter node.

14, An adaptive streaming re-segmenter node of a content distribation system for
providing adaptive rate content streams to a plurality of user equipment nodes, the
adaptive streaming re-segmenter node comprising:
at {east one network interface configured to receive a series of segmented files
for each of a first plurality of content streams having different coding bit rates of a
same source media content; and
ctreuitry configured to:
combine the series of segmented files to generate a second plurality of
content streams having different coding bat rates;
select among a phuality of distribution container formats responsive to a
streaming protocol used by one of the user equipment nodes;
select among the second plarality of content streams responsive to
avatlable resources at the user equipment node; and
communicate the selected one of the second plurality of content streams

toward the user equipment node using the selected distribution container format.

15, The adaptive streaming re-segmenter node of Claim 14, wherein the circaitry is

further configured to:
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combine the series of segmented files to generate the second plurality of content

streams 10 be identical 1o the first plurality of content streams.

16, The adaptive streanting re~segmenter node of Claim 14, wherein the circuitry is
further configured to communicate the selected one of the second plurality of coutent
streams toward the user equipment node using the selected distribution container
format by:

for each of the second plurality of content streams, writing each successive
segment of a defined length to a different segmented file in a memory to generate a
corresponding series of segmented files for one of the second plurality of content
SITCAms;

for each of the second pheality of content streams, generating a manifest that
identifies addresses to locations within the memory from which the user equipment
node can read the second phurality of confent streams; and

communicating the manifests to the user equipment node.

17. The adaptive streaming re-segmenter node of Claim 14, wherein the circuitry is
further configured to

for each of the plurality of the user equipment nodes, repeat the selection among
the plurality of distribution comtainer formats, the selection ameong the second plurality
of content streams, and the comnuunication of the selected one of the second plurality
of content streams using the selected distuibution container format,

wherein at least two of the user equipment nodes use different streaming
protocols for which the circuitry of the adaptive streaming re-segmenter node selects

different distribution container formats.

18, The adaptive streaming re-segmenter node of Claim 17, wherein the circuitry is
further configured to:

for cach of the second phlurality of content streams, generate a manifest that
identifies an address, to a location within a memory managed by the adaptive streaming
re-segmenter node, from which the user equipment nodes can read selected ones of the

second plorality of content streams; and
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communicate the manifest to the user equipment nodes.

19, The adaptive streaming re-segmenter node of Claim 14, wherein the circuitry 18
further configured to select among the plurality of distribution container formats
responstve to the streanung protocol used by the user equipment node by

selecting among & HTTP Live Streanung protocol, 2 HTTP Dynanuc Streaming
protocol, a MPEG Dynamic Adaptive Streaming over HTTP protocol, and a Smooth

Streaming protocol.

20, The adaplive streaming re-segmenter node of Claim 14, wherein the cirouitry 18
further configured to:
read the series of segmented Rles for each of the first phuality of content

streams from a content distribution network server or from an edge replication server.
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Receive a first plurality of content streams having different /— 700
coding bit rates of a same source media content
e

Segment each of the fiest plurality of content skreams into a
corresponding seriss of segmented files

Y

Communicate the series of segmanted files & each of the
first plurality of content streams toward an adaplive streaming 704
re-segmenter node through the et least one nebwark interface /‘

ard a condsnt distnbution nebwork using & single distribution
container format for each of the series of segmented files

N

Figure 7

For sach of the first plurality of content streams, wrile each 800
successive segment of a first defined length to a different [/
segmerted file to generate the corresponding series of
segmanted fdes for tha content stream

Figure 8

Respond to completion of wriling one of the segmentad files
by inttiating the step of communicating the complets written | Ve Q00

one of the segmented filss from the adaptive streaming ¥
segmeanter node toward the adaptive streaming re-segmenter
fnode |

Figure 9
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Receive a sertes of sagmentad filas for sach of a first plurality 1000
of content streams having different coding bit rates of a same /ﬂ
source media contert

i

Combine the senes of segmented fles {o generate a second /"“" 1002
plurality of content streams having different coding bit ratas

~ Select among a plurality of distribution container formats
responsive 1o a streaming protocot used by ong of the user
gquipment nodes

'

Select among the second plurality of content sireams /‘ 1006
responsive (o available resources at the user sguipment nods

Y

Communicate the selected one of the second pluraldy of 1008
content streams toward the user equipment node using the /—
selected distribulion container format

1004

Figure 10

For gach of the secand plurality of content sireams, wiite
each successive segment of 8 second defined length o a ;
different segmented fle in @ memory {0 gonerate & . 1160
carresponding seties of sagmented files for ons of the second
plurality of comntent straams, the second defined length being
datermined responsive o the ssiecled distribution container
format

Y

For sach of the second plurality of content sireams, gensrate
a manifest that identifies addresses o locations within the /‘ 1102
mamory from which the user squipment node can read the

sacond plurality of content streams

'

_ ‘ 1104
Communicate the manifests to the user equipment nods

Figure 11
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For each of the plurality of the user equipment nodes, repeat
the step of selecting among the plurality of distribution
container formats, the step of selecting among the ssecond a 1200
plurality of content streams, and the step of communicating
the selected one of the second plurality of content streams
using the selected distribulion container format

Figure 12

For sach of the second plurality of content streams, generate
a manifest that identifies an addreas, to & location within a 1300
memory managed by the adaphive skeaming re-segmentsy /-

node, from which the user equipment nodes can read
selectad ones of the second plurality of coment streams, and
communicating the manifest {0 the user squipment nodes

Figure 13

Reading the senes of segmentsd files for each of the first 1400
plurality of content streams from a content distribution network /“
sarver of from an edge replication seover

Figure 14
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Netwaork interface(s)

Processor Qircuilry
1518

Functional Module

3 f;‘ I

Memory Device{s)
1520

Network Node 1500

Figure 15
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