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(57) Abstract: A media stream delivery system encodes numerous media streams into
media stream fragments. The media stream delivery system may encode each media
stream into a number of variants each having different resolutions, frame rates, audio
quality levels, etc. Devices access the media stream fragments from a fragment server in
order to reconstruct a particular media stream for playback. A device may perform cach-
ing of media stream fragments so that particular fragments need not be accessed from a
fragment server. The device monitors and analyzes media streams and viewing charac-
teristics to intelligently select fragments that will likely be needed again, such as frag-
ments associated with repeated advertisements, introduction sequences, and end se-
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INTELLIGENT DEVICE MEDIA STREAM CACHING

RELATED APPLICATION DATA

5 [0001} Thus apphcation claims priority to U.S. Patent Application No.
13/232,909, entitled INTELLIGENT DEVICE MEDIA STREAM CACHING,
filed on September 14, 2011 {Attorney Docket No. MOBIPOT75US), the entire

disclosure of which is incorporated herein by reference for all purposes.

TecaicaL FipLp

10 [0002] The present disclosure relates to intelligent device media stream caching.

DESCRIPTION OF RELATED ART

[0003] Media streams typically involve encoding or re-encoding prior to

transmission fo devices and users associated with the devices. In many

instances, media streamns are encoded into a format such as H.264 (MPEG-4 Part

A

103 H.264 is 2 block oriented motion compensation based codee that is widely
used in Blu-ray Piscs and streaming Intemet sources. H.264 cocoding can be
resource ntensive, and specialized hardware s often used to accelerale encoding
particularly at high quality levels. In wany rmplementations, live stream
cucoding servers are configured with application specific hardware 1o receive
20 one or more charoels or media strearns and eucode the chanvels or media

streanas into pacticular formats. The encoding servers may bave the capacity to
perform reai-time live encoding ou up to balf a doven media streamos
simalianecusly.  Devices receive media sircams and perform decoding for

playback.

]
A

[6004} However, roechanisms for caching media streams for more efficient
playback are bmited. Consequently, the techuniques and mechanismus of the
present invention provide tmproved mechanisios for performing wedia stream

caching.
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Brier DESCRIPTION OF THE DRAWINGS

[6005] The disclosure may best be understood by reference to the following
desenption laken in conjunction with the accompanying drawings, which
illustrate particular embodiments.

5 [6006] Figure 1 ithustrates one example of a distributed encoding syster.

[8007} Figure 2 illustrates one example of a2 mwchanism for wnplementing

distributed encoding redundancy with Hive siream variant monttoring.

[0008] Figure 3 illustrates a technique for performing distributing encoding and

fragmentation.

10 [0009] Figure 4 illostrates a technique for performing miclligent device media

streamn fragment caching.

[0011] Figure 6 Ulustrates a techoique for performing fragment server directed

device caching.

15 [0012] Figure 7 illustrates examples of files stored by a fragment writer,

[06013] Figure 8 illustrates one example of an exchange used with a

fragmentation system.

[06014] Figure 9 illusirates one example of a system.

N2
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DIESCRIPTION OF EXAMPLE EMBODIMENTS

[06015] Reference will now be made in detail to some specific examples of the
mvention ncloding the best modes conteraplated by the inventors for camying
out the mvention. Examples of these specific embodiments are illustrated in the

5 accompanying drawings, While the invention is described in conjunction with

these specific embodiments, it will be understood that it is not intended to limit
the invention to the described embodiments. On the contrary, it is intended to
cover alternatives, modifications, and equivalents as may be included within the
spirit and scope of the invention as defined by the appended claims.

10 [0016] For example, the technigues of the present invention will be described m
the context of fragment servers. However, it should be noted that the technigues
of the present invention may also apply to fragment server variations and media
stream servers. In the following description, numerous specific details are set

forth in order to provide a thorough understanding of the present invention.

15 Particular example embodiments of the present invention may be implemented
without some or all of these specific details. In other mstances, well known

rocess operations have not been described in detail in order not 1o unnecessarily

ohscure the present invention.

[06017] Various technigues and mechamsms of the present invention will
20 sometimes be deseribed in singular form for clarity. However, it should be noted
that some embodiments include multiple nterations of a technique or multiple
mstantiations of a mechanism unless noted otherwise. For example, a system
Uses a processor in a variety of contexts. However, it will be appreciated that a

systern can use nwiltiple processors while remaining within the scope of the

-

]
(i

present invention uniess otherwise noted.  Furthermore, the tfechnigues and
mechanisms of the present invention will sometimes describe a connection
between two entities. 1t should be noted that a connection between two entities
does not necessarily rocan a direct, unimpeded convection, as a variety of other

entities may reside between the two entities.  For example, a processor may be

a3
<>

counected o roemory, but it will be appreciated that a variety of budges and

3
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countrollers may reside between the processor and memory. Conseguently, a
connection does not necessarily mean a direct, uvnimpeded connection unless

otherwise noted.
[0018] Overview
5 [0019] A media stream delivery system encodes numerous media sireams inio

media stream fragmenis. The media stream delivery sysiem may encode cach

media stream into a mumber of variants cach having different resolutions, frame

o
[

rates, audio qualily levels, eic. Devices access the media stream fragmenis from
a fragment server in order to reconstiuct a particular media stream for playbac
10 A device may perform caching of media stream fragments so thal particular

fragraents need not be accessed from a fragment server. The device raonitors

and analyzes media sireams and viewing characteristics fo inteliigently select

fragmaents that will likely be needed again, such as fragroents associaled with

repeated advertisements, introduction sequences, and end sequences.

15 [6020] Example Embodimenis

[6021] A varioty of mechanisms are used to deliver media stroams o devices
Different devices and different networks may require different variants of a
media stream. Some devices may request a higher bit raie or higher resolution
stream while changes in network conditions may necessitate switching o a
20 stream having a lower quality level. Sonwe devices may be able to handle higher
resolutions, while others may have hmited processing resources or Himited screen
real estate. Cousequently, many systoms will encode numerous variants of gach
media streara. For example, a media provider covering 152 channels may

encode 8 varianis of each channel for a iolal of 1216 variants, In some wstances,

[
W

a media provider may actually encode each chanoel wto 8 variants of a particular

codec, such as MPEG-4 part 10 or H.264

[6022] Conventional MPEG-4 files require that a player on a device parse the
entire header before any of the daia can be decoded. Parsing the euntire beader
san take a notable arnount of tirse, particularly on devices with limnited network

A
4
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and processing resources, Consequently, the techniques and mechanisms of the
present ivention provide a fragroented MPEG-4  framework that allows
playback upon recciving a first MPEG-4 file fragment. A second MPEG-4 file
fragrient can be requested using mformation ncloded in the first MPEG-4 file
5 fragment. According lo various embodunents, the second MPEG-4 file fragment
requested may be a fragment corresponding to a higher or lower bit-rate stream

than the stream associated with the first file fragment.

[6023] MPEG-4 s an extensible container forrnat that does not have a fixed
strocture for describing maedia types. Instead, MPEG-4 has an ohject hierarchy
10 that allows custom stnictures to be defined for each format. The format
description is stored 1 the samaple description (stsd’} box for each stream. The
samiple description box may inchide wnformation that may not be known until all
data has been encoded. For example, the sample descriplion box may 1clode an

average bit rate that is not known prior 1o encoding.

15 [0024] According io various embodiments, MPEG-4 files are fragmented so that
a live stream can be intelligent encoded in 2 distnbuled architecture on
dynamically scalable hardware, recorded, and played back 1n a close to live
manner. MPEG-4 files can be created without having to wait until all content 1s
written 1o prepare the movie headers. To allow for MPEG-4 fragmentation

20 without out of band signaling, a box strocture is provided to include
synchronization information, end of file information, and chapter information.
According to various embodiments, synchronization information is used to
synchronize audio and video when playback entails starting in the middle of a
sttearn.  End of file information signals when the carrent program or file is over.

This may include information to continge streaming the next program or file.

]
N

Chapter information may be used for video on demand content that is broken up

mto chapters, possibly separated by advertisement siots.

[0025] MPEG-4 fragments may be maintained on fragment servers. Devices
request fragments from the fragment server in order to reconstruct particular

30 media streams for playback. In some examples, fragments correspond to a



WO 2013/039927 PCT/US2012/054689

particular live stream variant that is vecoustructed as additional fragmenis are

made avatlable.

[0026] According to various emboduncats, devices maintain fragments in 2
saching laver and check the caching layer before accessing a fragioent server to
5 obtain the fragment. Various network podes between a fragment server and a

device muay alge operate to cache particular fragments or even portions of

fragiaents. Caching reduces Iateney required to obtain a particular fragment for
playback and also reduces network tesource consumption.  Device caching
schemes may wcelude fust 1o first out (FIFQ) buffers that will saintain recent
10 fragments for a particular period of time., However, many conventional caching
algorithms do not work particularly well for media stream  fragments.
Consequently, the techniques of the present mvention provide mechanmisms for
devices to recognize charactemsies of a media stream and  viewing
characteristics of a user in order to more intelligently select fragments or

15 portions of fragments for caching.

[G027} According to various embodiments, a device monttors and analyzes
viewing characteristics of particular users as well as characienistics of media
streamns in order to wdentify fragments that may be requested more than once.
The device may delermine that particular fragments corresponding to
20 introduction and end sequences for particular programs are repeatedly aceessed
by a particular user on a device. Fragmenis corresponding to those repeated
introduction and end sequences may be maintained for extended periods of time
in a caching layer that can be efficiently accessed doring playback. In other

cxamples, repeated sequences such as repeatod program and advertisement

2
h

sequences, etc., are automatically identified and maintained in a local caching

[0028] According to various embodiments, a fragment server can also perform
media strean and deviee characteristics monitoring and analysis. According to
various embodiments, a fragment server has more mformation about what

fragments are more frequently accessed or what fragments will be more

(a2
<
»-,

frequently accessed. In particular embodiments, a fragment server knows that a
6
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particular advertisement sequence will be played a particular nomber of times
over the uext 24 bours and indicates o various devices that fragments
corresponding 1o the advertisement sequence should be cached. In particular
embodiments, flags and/or time period indicators may be inchuded in individual
5  fragments to indicate how long fragmenis should be maintsined al deviee

5
H
id

caching layers.

[6029] Request for fragmerds are cxposed as separate files to clients and files
should play on players that handle fragrented MPEG-4. Live o near hive, video
on demand (VOD), and digital video record (DVR) content can all be encoded
10 on distributed and dynamically scalable encoding resources and fragmented for

local caching and playback

[0030] Figure | Ulustrates one example of a system for performing distributed

encoding

o

fragmentation, and caching. Accowding to various erabodiments, a
media stream 1s received from a content provider source such as a satellite. In

15 particular embodiments, the media stream is provided in an MPEG-2 format.
The media stream 15 delineated into Groups of Pictures (GOPs) using a GOP
debneator 101, The GOP is a grovp of pichures in coded media and typically
includes key and predictive frames. A key frame may be an I-frame or intra-
coded frame that represents a3 fixed image that is independent of other pictares.

20 According to various embodiments, each GOP begins with an I-frame.
Predictive frames such as P-frames or predictive-coded frames and B-frames or
bidirectionally predictive coded frames contain different information indicating
distinctions {rom a reference frame such as a key frame or another predictive

frame,

]
N

[6031] After the media stream 1s delineated into GOPs, a work dispatcher 103 1
notified that a GOP is available. According to various embodiments, the work
dispatcher 103 determines if it is the one assigned to work on it as well ag what
should be done with the GOP. According to various embodiments, the work
dispatcher may determine that the GOP should be encoded into 8 different
30 vanants. In particular embodiments, the work dispatcher 103 creates a

description of what needs to be done, assigns a weight or priority level to the job,

~
/
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and sends the job o job queues 105, According to various embodiments, job

o~

gueues are frst 1o first out {FIFO} queues that are crapty most of the time.
Encoders/fraggers 107 request jobs and obtain them from the job queues 105,
According to vanous embodiments, jobs may be ordered i & job queue based on
5  weight. In particolar embodiments, encoders/fraggers 107 may select higher

priority jobs first from the job gueues.

[0032] In particular embodiments, different priorily jobs are placed 1o different
priority job queues. Muliiple jobs may be taken from the higher priovily job
gueues before a single job is taken from the lower priority job gueues.
10 According o various embodiments, highest priority jobs are processed before
lower priorily jobs. In particular embodiments, queues are assigned percentage
of service values. A high priority queue may get serviced 40% of the time. A
medivam priority gocoe 30% of the time, and the remaining queues 20% and 18%
of the time by the encoders/raggers. According to various embodiments,
15  hundreds or thousands of encoders/fraggers reside in a system.  In particular
embodiments, the same device performs both encoding and fragmentation, but it

should be noted that separated devices can be used to perform these operations.

o

According to varicus embodimenis, additional cncoder/fraggers can be
dynamically brought online when resource usage reaches a particular threshold.
20 Alternatively, encoder/fraggers can be taken oftline when resources usage falls
heneath a2 particular floor. According to various embodiments, encoder/fragger
107 15 a virtual machine that may reside on one or more physical servers that
may or may ot have specialized encoding hardware.  In particular

cmbodiments, a cloud service defermines how many of these virtual machines to

use based on established thresholds.

]
A

[0033] According to various embodiments, a unigue identifier is provided for
cach GOP and a log of each step 1s maintained. Afier the encoder/fragger 107
completes processing 2 job and oufputs an encoded fragment, the encoded
fragment is paintained in distributed and redundant storage 109, In one
30 t:xa,mpkf, distributed and redondant storage 109 s a virtualized scale out network

attached storage system. The distributed and redundant siorage 109 allows a
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systert to maintain nunnerous fragraeats on any pumber of virtualized storage

[0034] According to various crabodiments, fragments ou distributed and

redundant storage 109 are accessible by fagment server 111, The fragment

5 server 111 provides the caching laver with fragroents for clients. The design
Pl gl el

philosopby behiod the ver APl munimizes wound trips and reduces

complexity as much as possible when it comes to delivery of the media data to a

client device. The fragment server 111 provides live streams and/or DVR

configurations.

10 [6035] According to vanous embodiments, a client device uses a media
component that requests fragmeunted MPEG-4 files, allows trick-play, and
manages bandwidth adaptation.  In patticular embodiments, each clierd device
recetves a media stream that is behind a live strearn by 12 seconds or more.
There may also be server buffering.  According to various embodiments, GOP

15 debineation, encoding, fragmentation can occur within a server buffering
timeframe. By having nomerous encoder/fraggers, capacity can be increased or
decreased by percentage points at any time. According 1o various embodiments,
the encoding and {ragmentation system at data center 141 can be accessed by
devices during media stream playback., Device 113 may request fragments from

20 fragment server 111. In particular embodiments, the device may perform local

caching. It should be noted that a variety of nodes may reside between a device

113 and a fragment server 111,

[G036] Frigure 2 illostrates ome example of a distributed, scalable encoding

system:  that provides for localized redundancy.  According to various

]
N

embodiments, a media stream 1s received from a content provider source such as
a satellite. In particular embodiments, the media stream is provided in an
MPEG-2 format. The media stream is delincated into Groups of Pictures
{GOPs} using a GOP delineator 201, The GOF is a group of pictures in coded
media and typically includes key and predictive frames. A key frame may be an
30 I-frame or intra-coded frame that represents & fixed image that is independent of

other pictures. According to various embodiments, each GOP begins with an -
G
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~

frame. Predictive frames such as P-frames or prediciive-coded frames and B-

~

frames or budirectionally predictive coded frames contain different information
indicating distinctions from a reference frame such as a key frame or another
predictive frame. According to various embodiments, multiple GOP delmeators
5 201 are active simulianeously. If a GOP delineator fails, other GOP delmeators

5
H
1

are available and all GOP delineators can send out notfications.

[60371 After the media stream is delineated wto GOPs, an elastic load balancer

225, According to

i %
il

211 1 used to distribuic work to work dispatchers 27

\)

and

various embodiments, a ive siream variant encoding manager 213 mounitors Jive
10 stream vaniant consumption. If particalar vanant are not being consunied, jobs

5
H
i

for creating those variants are no longer performed. If parbicolar not yet
available varianls are requested, then jobs creating those vanants can be
generated by the work dispatcher 225 at the request of the bve stream variant
encoding manager 213. If a work dispatcher fails right as it takes a notification,

15 another notification occurs to a different work dispatcher. Two notifications for
the same GOP will end up on two different machines. At each work dispatcher

21 and 225, there may also be a proxy. According o various embodiments, the

GOP delineator 201 resides on a different data center than the work dispaichers

225, Using proxies at work dispaichers 221 and 225 aliows for a single

"1.

221 and

20 transter of a media stream GOP beiween data centers.

[0038] According to various embodiments, the work dispatchers 221 and 225

determuine characteristics of a particular job and what should be done with the

>-r_->

GOP. According to various embodiments, the work dispatchers 221 and 225

may determine that the GOP should be cncoded into 8 differcot variands. In

]
N

particular embodiments, the work dispatchers 221 and 225 create descriptions of
what needs to be done and send jobs to job queues 223, According to various

~ e,

cmbodiments, job gueuss 223 include an active job queue and a standby job
queue.  According to various embodimenis, job queues are {irst in first out
(FIFO) queuss that are empty most of the time. Timeouts may be associated
30 with cach job in the quene. Eucoders/fraggers 231, 233, and 235 request jobs
and obtamn thern fom the job queues 223, In particular ernbodiments,

cucoders/fraggers 231, 233, and 235 arc ideuntical and can be dynamically
10
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activated or deactivated.  According to various ershodiments, hundreds or
thousands of encoders/fraggers reside in a system,
[0039] In particular embodiments, the same device performs bath encoding and
fragracutaiion, but 1t should be noted that separated devices can he used i
5 perform these operalions.  According to various cwmbodimenis, additional
encoder/fraggers can be dynamically broughl ounline when resource usage
reaches a particular threshold.  Alternatively, encoder/fraggers can be taken
offline when resources usage falls beneath a particular floor.  According to
various embodiunents, encoder/fragger 231, 233, and 235 s a virdual machine
10 that may reside on one or more physical servers that may or may ot have
specialized encoding hardware. In particular embodiments, a cloud service
determines how many of these virtual machines to use based on established

thresholds.

[¢040} According lo various embodiments, encoders/{raggers 231, 233, and 235
15 are stateless. According to various embodiments, a umque identfier 15 provided
for each GOP and a log of each step is maintained. I a particular
encoder/fragger fails at any point 1o the process, another encoder/fragger can
perform encoding and fragmentation operations.  Afler the encoders/fraggers

iobs and generate encoded fragments, the

]
}
J

231, 233, and 235 complete the
20 encoded fragments are maintained in distributed and redundant storage 241, In
one example, distributed and redundant storage 241 is a virtualized scale out
network attached storage systermn. The distributed and redundant storage 241
inchudes nodes 243 and 245, allowing a system to maintain numerous fragments

on any number of virtualized storage devices.

]
N

[0041] According 1o various embodiments, fragments on distnibuted and
redvndant storage 241 are accessible by {ragment servers 251, 253, and 255,

The fragment servers 251, 253, and 255 provide a caching layer with fragments
for clients. The design philosophy behind the client/server AP mimimizes round
trips and reduces complexity as mich as possible when it comes to delivery of
30 the media data to a client device. The fragment servers 251, 253, and 255

provide live streams and/or DVR configurations.  According to various
1
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~

cmbodiments, fragment servers also operate withow! state,  In particular
cmbodirpents, fragmenls servers operaie using HTTP gel requests. According (o
various erahodiments, each process allows a flow {o continue without having a
centlralized control point.  An elastic load balancer 261 distributes fragment
5  requests from a cloud frent 271 provided to devices 281, 283, and 285,
According to various embodiments, devices 281, 283, and 285 monitor and
analyze media streams fo determine what fragments should be cached. In some
examples, devices 281, 283, and 285 cache any fragment that has been
determined to be redundant to any fragment previously requested. Fragments
10 can be compared using identifiers, hashes, ete.

5
H
i

[G042] Tt 15 determined that if the same fragment has been obiained at lcast
twice, it 1s likely that the fagment will need to be accessed again. In particular
embodiments, the device identifies sequences corresponding to advertisements,
program introdoctions, program endings, etc., and caches fragments associated

15 with those identified sequences. Particular advertisements, introductions, and
endings, etc., may be more likely repeated. If a viewer is identified as frequently
watching a particular program, fragments associated with miroduction
soquences, ending sequences, and advertisoments for that program may be

cached.

20 [0043] According to various embodiments, a client device uses a media
component that requests fragmented MPEG-4 files, allows trick-play, and
manages bandwidth adaptation. In particular embodiments, each chient device
receives a media stream that is behind a live stream by 12 seconds or more.

1

Caching can reduce delay and/or network resource usage. According to various

]
N

embodiments, GOP delineation, encoding, fragmentation can ocowr within a

server buffering timeframe. By having numerous encoder/{raggers, capacity can

&

he mereased or decreased by percentage points at any timme.  According to
various cmbodiments, a system pr(rvides noi only localized redundancy bui
zeographic redundancy as well. A complete system ncluding load balancers,

30 work dispatchers, encoders/fraggers, storage, fragment servers, etc., may he

replicated at a geographically separate daia center,
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[0044] Figure 3 Ulostrates one exaraple of a technique for performing distributed
encoding. At 301, a live media stream is received.  According to various
embodiments, the media stream is a live MPEG-2 media strearn received from a
satellite receiver. In particular embodiments, a hive media stream refers to a
5  media program received at a particular time that 1s desigpated for distribution at
that particular time. For example, a program may be configured to run at 8pm
PST, and the live media stream is received at the satellite receiver at 8pm PST.
At 303, the media stream 15 delineated into GUPs.  In particilar embodiments,
key frames are identified and used to begin groups of pictures. The GOPs may

10 be optionally encrypted at this point before transmission at 305.

[G045) At 307, a work dispatcher determines that a GOP is available. According
to vanous embodiments, the GOP delineator and the work dispatcher reside in
different data centers and it 1s deswrable to have a single GOP transier mnstead of
redundant GOP iransfers. At 309, the work dispatcher creates descriptions of
15 multple jobs corresponding to different encoding quality levels and places the
jobs in work queues. According to various embodiments, the jobs are assigned
different weights and/or priority levels. An encoder/fragger at 311 pulls the job
from the job queue and encodes the GOP into a format such as H.264. Encoded
fragments are maintzined on disiributed storage at 313, A user can then

20 continuousiy access the encoded fragments at a particular guality level through a

wg

fragment server at 315 that allows real-time or near real-time Internct Protocol

(1P} distribution of the media stream fragments.

[0046] Figure 4 illustrates a particular example of a technique for perforniing

device caching. At 401, a device monitors and analyzes user viewing

]
N

characteristics. The device may determine at 403 that a user watches particular
programs, particular channels, particular types of programs, or watches at
particular times. Fragments that frequently occur during those pasrticular
programs, particular channels, particular types of programs, or particular time
periods may be identified for caching at 405, At 407, characteristics of viewed
30 programs are wmonitored and analyzed.  Repeated sequences such as
wiroductions, advertisements, endings, ctc., are iderdified ag candidates for local

caching. Other sequences that are repeated may also be identified for caching a

13
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409, 1o particular cmbodiuents, fragments bave associated identifiers,
checksums, or hash codes that allow quick comparison o determine fragment
dentity. To one cxample, 2 fragment table i3 maintained showing fragroent
identifiers, access frequencies, and last accessed timestamps. When a fragment
5 has been accessed more than & particular number of times at 411, that fragment

may be selected for caching at 413,

[0047] Figure 5 illustrates one exaraple of a fragment table that may be used by
a device or a caching layer between the device and a fragrment server. According

to various cmbodiments, a device may maintan identifiers associated with

10 particular media fragments to determuine whal fragments to cache. In some
examples, & fragment table 501 inchides media fragment identifiers S01, 511,
and 521, In particular embodiments, media fragment identifliers may be bashes
or checksurs of media fagments. Media fragment identaficrs may be compared
with a newly received fragment to determine whether the device has previously

15 seen the newly received fragment. The fragment table 501 may also include
media fragment frequency indicators 503, 513, and 523 which may be values
indicating how often or how many times a particular fragment has been seen. In

2

some examples, the media fragment frequency indicator may show that a

L 5

particular fragment is required once every 24 hours or once cvery 7 days. In

20 other examples, the media fragment frequency indicator may merely indicate

that & particular fragment has been seen once before

[0048] A media fragment last access time 505, 515, or 525 may indicate how
recent activity for a particular fragment has been. In some examples, a fragment

may have been regulardy occuiring at a distant point in the past, but may no

]
N

longer need caching as it has not been used for an extended period of time. In
other examples, a fragment may be relatively infrequent but may be recently

active, such as in the instance where the fragment occurs i 2 recent frequently

repeated commercial. It should be noted that other ficld may also be included,

such as fragraent avatlability, fragment size, associated program, ete.

30 [0049] Figure 6 illustrates one example of a techmique for fragment server

directed device fragment caching. At 601, a fragment server monitors and
14
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analyzes media streams to identify fragments appropriate for device caching,
According to various embodinments, the fragruent server knows that a particular
scquenee such as a promotion sequence will be played a particular tumber of
times during the next 72 hours at 603 and identifies fragments associated with
5 that sequence for caching at 605, In particular embodiments, the fragment server
also identifics fragments most frequently repeatedly accessed by a particelar
device, a subgroup of devices, or all devices that can connect to the fragment
server at 607. These frequently accessed fragments are selected for caching at
609, In some examples, content providers may also indicate to a fragment server

10 what fragments to cache at 61 1.

[0050) At 613, the fragment server inchides metadata such as 2 flag and/or a
time period during which a particular {ragment should be cached at a device,
The metadata may be inchided 1 the fragment itsell or may be wncluded out of

band.

15 [0051] Figure 7 illostrates examples of files stored by the fragment writer
associated with & fragment server. According to variovs embodiments, the
fragruent writer is a component 1 the overall fragmenter. 18 a binary that uses
command line arguments to record a particular program based on either NTP
tme from the encoded stream or wallclock time. In particular embodiments, thig

20 is configurable as part of the arguments and depends on the input strean. When
the fragment wriler completes recording a program it exits. For live streams,
programs are artificially created to be short time intervals e.g. 5-15 minutes in

length.

[0052] According to various embodiments, the fragment writer command line

]
N

arguments are the SDP file of the chamnel to record, the start time, end time,
name of the current and next output files. The fragment writer listens to RTP
tratfic from the live video encoders and rewrites the media data to disk as
fragmented MPEG-4. According to various embodiments, media data is written
as fragmenied MPEG-4 as defined in MPEG-4 part 12 {(ISO/IEC 14496-12).
30 Each broadcast show is written to disk as a separate file indicated by the show
1D {derived from EP(G). Clients inchide the show [D as part of the channel name
15
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when requesting to view a prerecorded show. The fragment writer consumes

cach of the different encodings and stores then as a different MPEG-4 fragruent.

[0053] In particular erabodiments, the fragruent writer writes the RTP data for a

particular encoding and the show 1D field to a single file. Tuside that file, there
5 is metadata information that describes the entire file (MOOV blocks). Atorus are

stored as geoups of MOOF/MDAT paits o allow a show 1o be saved as a single
file. Atthe end of the file there is randow access information that can be used

cnable a chient to pedform bandwidih adaptation and trick play functionality.

[6054] According to various embodiments, the fragment writer includes an
10 option which cocrypts fragments to ensure stream security during the recording
process. The fragraent writer will request an encoding key from the license
manager. The keys used are sinilar to that done for DRM. The encoding format
is slightly different where MOOF s encoded. The encryption occurs once so

that it does not create prohibitive costs during dehivery to clients,

15 [6055] The fragment server responds to HTTP requests for content.  According
to various erabodiments, it provides APls that can be used by clicnts to get
necessary headers tequired to decode the video, seek to any desired time frame
within the fragraent and APIs fo waich chanpels live. Effectively, live channels
arc sexved from the most recently written fragments for the show on that

20 channel.  The fagmenl server retimns the media header {(necessary for
initializing decoders}, particular fragments, and the random access block to
clicnits.  According to various embodiments, the APIs supported allow for
oplimization where the metadata beader wnformation 1s returned 1o the chent

along with the first fragment. The fragment writer creates a series of {ragments

]
N

within the file. When a client requests a stream, it makes requests for each of
these fragments and the fragment server reads the portion of the file pertaining to

that fragment and rehirns it to the client.

[G056] According to varicus erabodunents, the fragment server uses a REST

AP that is cache friendly so that most requests made to the fragment server can

30 be cached. The fragment server uses cache control headers and ETag headers to
16
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provide the proper hints to caches. This AP also provides the ability to
understand where a particular user stopped playing and to start play from that

point {providing the capability for pause on one device and resume on another).

[0057] In particolar embodiments, client requests for fragments follow the

5 following format;
bitp//{HOSTNAME} frag/{ CHANNEL/{BITRATE}N [ {IDVI{COMMAND}H/
{ARG}] 2.2,

bitp:/ffrag. hosttv.com/frag/ L/HBQVGAHR 2647127065963 2 mapd/fragment/42.
According to various embodiments, the channel name will be the same as the
10 backend-channel name that is used as the channel portion of the SDP file. VoD
gses a channel name of “vod”.  The BITRATE should follow the
BITRATE/RESOLUTION identifier scheme used for RTP streams. The I 18
dynamically assigned. For live streams, this may be the UNIX timestamp; for
DVR this will be a unique ID for the show; for Vob this will be the asset ID.
15 The ID 1s optional and not included in LIVE command requests. The command
and argument are used to indicate the exact command desired and amy
arguments.  For example, to request chunk 42 this portion would be

“fragment/42”.

[0058] The URL format makes the requests content delivery network {(CDN)
20 fricndly becavse the fragments will never change after this point so two separate
clients watching the same stream can be serviced using a cache. o particular,
the headend architecture leverages this to aveid too wmany dynamdic requesis
arriving at the Fragmeent Server by using an HTTP proxy at the head end to
cache requests,
25 [0059] According to various embodiments, the fragment controller is a daemon
that runs on the fragmerder and wmanages the fagment writer processes. We
propose that it uses a configured filter that s cxecuted by the Fragment
Controlier to generate the st of broadcasts 1o be recorded. This filier nfegrates
with external coraponents such as a guide server to deterruine which shows 1o

30 record and the broadcast 1T to use.
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[0060] According to various embodiments, the clicot wchudes an application

logic component and 2 media rendering component.  The application logic
component presents the Ul for the user and alse commuricates to the front-ond
server 1o get shows that are available for the user and to authenticate. As part of
5 this process, the server returns URLs to media asseis that are passed (o the media

rendering component.

[0061] In particular embodiments, the chent relies oo the fact that each fragment
in a fragroented MPEG-4 file has a seguence rumber. Using this knowledge and
a well defined URL structure for comunuunicating with the server, the chent
10 requests fragments individually as if it was reading separate files from the server
simiply by reguesting URLs for files associsted with increasing sequence
munbers. In some embodiments, the client can request files corresponding to

higher or lower bit rate streams depending on device and network resources.

[¢062] Since each file contatns the information needed to create the URL for the
15 next {ile, no special playlist files are needed, and all actions {(startup, channel
change, secking) can be performed with a single HTTP request.  After each
fragment is downloaded the client assesses among other things the size of the
fragrmient and the time needed to downlead it in order to determine if

downshifting 1s needed, or if there is enough bandwidth available to request a

20 higher bitrate.
[G063] Because each request to the server looks like a request to a separate file,
the response to requests can be cached in any HTTP Proxy, or be distributed

over any HTTP based CDN.

[0064] Figure 8 Ulostrates an interaction for a chient receiving a Hve stream. The

[
W

client starts playback when fragment plays out from the server. The client uses
the fragment nuuber so that it can request the appropriate subsequence file
fragrient.  An application such as & player application 807 sends a3 request to
mediakit 805, The request may include a2 base address and bit rate. The
mediakit 805 sends an HTTP get request to caching layer 803, According to
30 vanous embodiments, the live response is not in cache, and the caching layer

18
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803 forward the HTTP gel request to a {ragment server 801, The fragment
server 801 performs processing and sends the appropriate fragment to the

saching layer 803 which forwards to the data to mediakit 805,

[0065] The fagment may be cached for a short period of tune at caching layes
5 803, The mediakil 805 identifics the fragrocot number and deterirines whether

resources are sufficient to play the fagment. In soroe examples, resources such

oF

as processing or bandwidth resources are insufficient. The fragment may not
bave been received quickly cnough, or the device may be baving irouble
decoding the Gagment with sufficient speed. Conscquently, the mediakit 805
10 may request a next fragment having a different data rate. In some instances, the
mediakit 805 may request a next fragment baving a higher data rate.  According
to various embodiments, the fragment server 801 mainiains fragments for
different quality of service streams with timing synchromization mformation o

allow for timing accurate playback.

15 [0066] The mediakit 805 requests a nexi fragment using information from the
received fragment. According o various embodiments, the next fragment for the
media strean may be maintained on a different server, may have a different bit
rate, or may require different authonization. Caching layer 803 determines that
the next fragment 1s not 1w cache and forwards the request (o fragment server

20 801, The fragment server 801 sends the fragment to caching layer 803 and the

fragment is cached for a short period of time. The fragment is then sent to

mediakit 865,

[G067] Figure 9 illustrates one example of a computer system.  According ©

particular embodiments, a system: 900 suitable for implementing particular

]
N

embodiments of the present invention inclades a processor 941, a memory 903,
an nterface 911, and a bus 915 {e.g., a PCI bus or other interconnection fabric)
and operates as a streaming server. When acting under the control of appropriate
software or firmware, the processor 901 is responsible for modifying and
transmitting Hive media data to a client. Various specially configured devices can

30 also be used m place of a processor 901 or in addition to processor 901, The

19
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interface 911 1s typically configured to send and receive daia packets or data

SO U ents over a network.,

[0068] Particular examples of interfaces supports include Ethernet interfaces,

frame relay interfaces, cable interfaces, DSL inderfaces, token ring interfaces,

5 and the bke. In addition, varicus very high-speed interfaces may be provided

such as fast Etherpet woterfaces, Gigabit Etheroet interfaces, ATM interfaces,
HSSI interfaces, POS interfaces, FDDI interfaces and the like. Generally, these
interfaces way inclode ports appropriate for communication with the appropriate
media. In some cases, they may also include an jndependent processor and, n
10 some instances, volatile RAM. The independent processors may conlrol such
commuounications intensive tasks as packel switching, media control and

management.

[6069] According to various embodiments, the system 900 1 a fagment server
that also includes a transceiver, streaming buffers, and a program guide database.
15  The fragment server may also be associated with subscription management,
logging and report generation, and monitoring capabililic In particular
embodiments, functionality for allowing operation with mobile devices such as
celhdar phones operating in a particular cellular network and providing
subscription managemert. According to various emnboduments, an authentication
20 module verifies the identity of devices including mobile devices. A logging and
report generation module tracks mobile device reguests and associated
responses. A monitor system allows an administrator to view usage patterns and
systenm availability. According to various embodiments, the fragment server

handies requests and responses for media content related transactions while a

]
N

separate streaming server provides the actual media streams.

[0070] Although a particular fragment server is described, it should be
recognized that a variety of alternative configurations are possible. For example,

some modules such as a report and logging module and a monitor may not be
needed on every server. Alternatively, the moduales may be implemented on

30 another device commected to the server, In another example, the server may not
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include an interface to an abstract buy engine and may w fact inchude the

abstract buy engine itself. A variety of configurations are possible.

\

e

[6071] In the foregoing specification, the invention has been described with

refe

[¢]

ence to specific embodiments. However, one of ordinary skill in the art
appreciates that vartous modifications and changes can be ruade without
departing from the scope of the mvention as set forth 1o the claims below,
Accordingly, the specification and figures are 1o be regarded in an illustrative
rather than a restrictive sense, and all such modifications are intended to be

included within the scope of 1ovention.

o]
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CLAIMS

1. A wmethod, comprising

~

requesting a first media stream from a fragroent server, the first media

stegarn inchiding a plurality of encoded fragments;
5 recetving a fitst encoded fragrocnt and gencrating an identifie

corresponding to the fist encoded fragment to access a fragrent table;
determining whether to cache the first encoded fragmernd using the
fragment table at a devic
requesting a sccond encoded fragment using metadata from the st
10 encoded fragment;
constracting the first media stream vsing the first encoded fragment and
the second encoded fragment.
The method of claim 1, wherein the device monitors and analyzes a
plurality of media streams to identify sequences of media likely to be repeated.
15 3. The method of claim 1, wherein frames associated with the sequences
of media likely to be repeated at identified for cachmg at the device.
4. The method of claim 3, wherein the sequences of media include
advertisement sequences.
5. The method of clain 3, wherein the sequences of media include
20 program iniroduction sequences.
6. The method of claint 3, wherein the scquences of media include
program end seguences.
. The method of claxm 1, wherein the fragment table includes a pluralily

of fragment identifiers associated with the number of times each fraguent has

[
W

been requt:sted.
. The method of claxm 1, wherein the first encoded fragment is an
H.264 encoded fragment processed vsing a plurality of distiibuted and
dynamically scalable encoder resource
9. The method of clann 8, wherein the phurality of distribuied and
30 dynamically scalable encoder resources are a phurality of virtual machmes

configured to perform encoding and fragmentation.

[
N2
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18, The metbod of clair 8, wherein the H.264 encoded fragment is
encoded from an MPEG-2 group of pictures (GOP).
11, Adev OMprising:
an interface (;-perabic to request a first media stream from a fragment
5 server, the {irst media stream incloding a plorality of encoded fragment, wherein
the interface is operable to receive a first encoded fragment;
a3 processor operable to generate an identifier corresponding to the first
encoded fragment to access a fragment table and determine whether to cache the
first encoded fragment using the fragment table at a devic
10 wherein the device requests a second encoded fragmcnt using metadata
from the first encoded fragment and constructs the first media stream using the
first encoded fragment and the second encoded fragment.
12. The device of claim 11, wherein the device monitors and analyzes a
plurality of media streams to identify sequences of media likely to be repeated.

13. The device of claim 11, wherein frames associated with the

A

sequences of media likely to be repeated at identified {or caching at the device.

14. The device of clain 13, wherein the sequences of media include
adverliseruent sequences.

15. The device of clarm 13, wherein the sequences of media 1nclade

20 program introduction sequences.

16. The device of claro 13, wherein the sequences of media 1nclade

program end sequences.
The device of claim 11, wherein the fragment table inchudes 3

phlurality of fragment identifiers associated with the mumber of tines each

[N
U

fragment has been reguested.

18. The device of claim 11, wherein the first encoded fragment is an
H.264 encoded fragment processed using a plurality of distributed and
dynamically scalable encoder resources.

19. The device of claim 18, wherein the plurality of distributed and
30 dynamically scalable encoder resources are a plorality of virtaal machines

configured to perform encoding and fragmentation.
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20. An apparafus, comprising:
mocans for requesting a fitst media stream fow a fagment server, the

first wmedia stream including a plurality of encoded fragrents;
means for receiving a {irst encoded fragment and generating an identifier

corresponding o the first encoded fragment to access a fragment table;

5
means for determining whether o cache the first encoded fragment using
the fragment table at a device;
means for requesting a second encoded fragment using metadata from the
first encoded fragment;
10 means for constructing the first media stream using the first encoded
fragment and the second encoded fragment.
15
20

]
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