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DYNAMIC GENERATION OF VIDEO
MANIFEST F1LES

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application claims priority 1o U.S. Provisional Patent
Application No. 61/621.973 entitled DYNAMIC GIENIERA-
TION OIF VIO MANIFEST FILES filed Apr. 4, 2012,
which is incorporated herein by reference for all purposes.

BACKGROUND O TTIE INVENTION

Users are increasingly using networks such as the Intermet
10 access content, such as video files and live streaming/
video on demand content, via client machines. As demand
lor such conlent inereases, there are challenges in distrib-
uling hat content effectively and with high quality.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
lollowing detailed descriptiom and the accompanying draw-
ings.

FIG. 1 is an illustration of an environment in which
content is distributed.

IIG 2 is a [ow diagram illustrating an embodiment ol a
process for controlling delivery of a video to a client.

FIG. 3A is a diagram illustrating an embodiment of a
static manifest file.

FIG. 313 s a diagram illustrating an embodiment ol a
dynamically generaled manilest [ile.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways.
including as a process: an apparalus: a syslem: a composi-
tion of matter; a computer program product embodied on a
computer readable storage medivm; and/or a processor, such
as a processor conligured (o cxecule instructions stored on
and/or provided by a memory coupled Lo the processor. In
this specification, these implementations, or any other form
that the invention may take, may be referred 10 as tech-
nigues. In general, the order of the steps of disclosed
processes may be allered within the scope of the invention.
Unless stated otherwise. a component such as 8 processor or
a memory described as being configured 1o perform a task
may be implemented as a general component that is tem-
porarily coniigured (o perform the task al a given lime or a

speeific component that is manulaclured o perloom the lask, s

As used herein. the erm “processor” relers 0 one or more

devices, circuits, and/or processing cores configured to

process data, such as computer program instructions.
Adetailed deseriplion ol one or more embodiments of the

invention is provided below along with accompanying lg- s

ures that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope of the invention 1s limited only by the claims and
the invention encompasses numerous allernatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the following description in order 10 provide a
thorough understanding ol the invention. "These details are
provided lor the purpose of example and the invention may
be practiced according o the claims without some or all ol
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the

[

ta

40

45

.t
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G5

2

invention has not been described in detail so that the
invention is not unnecessarily obscured.

FIG. 1 s an illustration ol an environment in which
conlent is distributed. In the example shown, clients 170-184
are used to access content, such as audiovisval content (e.g.,
movies, songs, Television shows, sporting events, games, or
any olher appropriale asscl) that is owned by contenl own-
crs. The conlent assels are managed by video conlent
management systems (152) (which can be part of an online

3 video platform), stored (or captured) at origin servers (196),

then distributed wvia other servers, caches, content distribu-
lion networks (C1INg), proxies. ele. (collectively. “conlent
sources”). Conlent sources employ a variely ol technologics
and include HTTT, Adobe Flash, Apple HTTI® Live Stream-
ing (HLS), and Microsoft Internet Intormation Service serv-
ors.

Ixamples of clients include personal computers (1707,
laplops (182). cellular phones/personal digital assistants!
tablets/mobile device (178), and other types of information

20 appliances (not shown) such as set-top hoxes, game con-

soles, broadband roulers. file servers. video servers, and
digital video recorders as applicable. The clients shown are
vsed by subscribers to varous Internet service providers
(ISP’s). For example, clients 170, 172, and 174 are sub-
scribed 1o SP1 (122) while clients 176, 178, and 180 are
subsceribed 0 8P2 (124), and clients 182 and 184 arc
subseribed o SP3 (126).

In the example shown, a television network (“XYZ") has
contracted with content distributors 142-146 to provide
viewers wilh access o live streams ol its broadeasis as well
as sireams ol lelevision show episodes and sporling evenls.
In some cases, the content distributor is owned/operated by
the content owner.

Content distributor 142 has a data center that is provided
with network access by backbone 18P 132, Though repre-
sented here by a single node (also relerred (o herein as a
“CIN node™). conlent distribulor may typically have mul-
tiple data centers (not shown) and may make use of multiple
backbone or other ISPs. Content distributor 144 has a data
cenler that is provided with network access by backbone ISP
134, Advertisements can also be served to clients via ad
servers (not shown).

Content can be delivered‘provided to clients based on
various protocols. As one example, online video can be
delivered 1o a client via chunk-based protocols, in which a
video player on a client lelches a maniflest (c.g. metadata
configuration) file that lists a sequence of location informa-
tion {e.g., HTTP URLs) pointing 1o chunks/segments of
video conlent {c.g., 2-10 second “.18™ transporl scgmenl
chunks stored on the CINs) thal logether constitule a full
video (e.g., lelevision show). The video player can then lelch
the chunks/sepments/components one by one according 1o
the manifest file, which indicates how the chunks can be
relricved [rom the CIONs so that they can be stitched
logether by the client media player 1o render the video assel
as a smooth stream.

In the example shown, video content manageiment system
152 is vsed by television network XYZ to manage its media
asscls. Continuing with the example of a chunk-bhased pro-
locol Tor online video delivery. prior o a video assel being
made available (e.g., available for a vser of a client 10
stream) and as part of the publishing worktlow, the video
conlent management syslem can converl (2., COmpress,
transcode, encode. cle.) a raw video assel owned by the
conlent owner o a sel ol video chunks/segment that
together constitute the full video asset. The video content
management system then publishes the generated chunks 1o
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the various CDNs, and generates corresponding static mani-
lest files on a per video assel basis that can be lollowed/
exceuled by a client media player 1o play the video assel.
The generated manifest les can then be deployed/published
along with the video data files on the various CDNs. In some
cases, the CDNs themselves generate chunks and corre-
sponding manifest lles. Mulliple versions of a video assct
encoded at dilferent bitrates can be published Lo the CINs.
using the chunk-based protocol, with corresponding mani-
fest files generated as well.

The deploved manifest files can be of two types. In a first
type ol manifest (ile, the manilest (e is associaled with a
particular CIDN lor chunks encoded al a particular bitrale
(which corresponds 1o resolution). For example, a first
manitest file can be generated listing TTRLs pointing to all
video chunks om a particular CIDN constituting a [ull video
encoded al 2000kbps. while a second manilest file can be
pre-generated by a video conlent mansgement syslem listing
UURLs pointing 10 all video chunks on the CDN constituting
the same video encoded at 300kbps. [n a second type of
maniflest file. the generated manilest (ile contains a list of
URIg pointing to dillerent sub-manilest files. cach of which
corresponds to one particular bitrate and one particular
server/CDN. For example, CDN C (142) can have deploved
a master, top-level manitest file for the CDN that specifies
LRI 1o sub-manilest [iles that list URLs pointing chunks at
one particular bitrale on CIDN (.

While the two tvpes of manitest files described above can
be used directly by a video player to stream online video, the

manilest files deployed by network XY 7 {or other content 3

owners) may be stalic and lace cerlain restrictions. For
example. in the first type described above (in which the
manitest file may contain a list of components that are URLs
10 chunks at one particular bitrate on one particular server!

CIONY, il & video player were (o play a video according Lo 3

this first type ol manifest file. the video player would not be
able o change the bitrate of the video or the CION (o improve
video quality, as it 15 not aware of other bitrate/CDN choices
that are available for playing the same video. In the second
Lype ol static manilest file (in which the manifest [ile may
contain a list of components that arc URLs o sub-manilest
files, each of which corresponds to one particular bitrate and
one particular server/CDN), in this case, the video plaver
could potentially change bitrate/CDN by downloading
chunks rom a dillerent sub-manilest file. While the video
player could, lor example. decide (o lower the bitrale il 1t
detects that its available bandwidth has decreased, or decide
10 download chunks from a ditferent CDN if it experiences
a4 comnection crror when (alking 1o the current CDN, this

approach may be limiled due o the video player only being s

conligured to rely on local inlormation, which may not allow
for an optimal decision of bitrate/CDN given the current
global state of content distribution. An example of a static
manilest [ile will be provided helow.

Ag the bandwidth available o the video player and the s

performance of content sources (e.g., CDNs) involved in the
delivery of the video clmnks can vary significantly while the
video is playing, dvhamic adjustment of the video bitrate
and CDN can be wlilived o optimive the viewing experience
lor the wser. such thal smooth playback {c.g., without
stuttering, butfering, visual artifacts, ete.) can be ensured. A
dynamic manifest backend service (102) can be used to
perlorm the dynamic adjusiment by leveraging the informa-
lion‘compeoments/contents ol the static manilest les as well
as real-lime monitored/mapped global performance/policy
ntormation 1o assemble dvnamic manifest files customized
for a particular client in real-time (e.g., for the client at a
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particular time, in a particular geograply, on a particular
device). An example ol a dynamically asscmbled maniflest
[ile will be provided below.

Suppose a user of elient 172 (hereinalier “Alice™) would
like to watch a show owned by XYZ. Client 172 is a table
that includes an application for accessing various shows
owned by XY/ Alice opens up the application and selects
the show she would like o walch. Her request lor the game
is directed to the video content management system asso-
ciated with XY7Z. Instead of directing Alice (e.g., viaa URL)
to a static manitest file previously published by XY Z's video
conlenl management system and deployed on a particular
CDN, which may be used as a delault standard manilest lile,
the video plaver is instead directed by the video content
management syvstem to request a manitest file thom the
dynamic manilest service 102, The redirecied request [rom
Alice’s client can  include  status/historical/perlormance
inlormation such as the URL. ol the original delaull standard
static manitest file, the device tvpe of Alice’s client, the type

20 of content being requested, a current and historical band-

widlh estimate al the client, a history ol bitrates ol prior
videos played by a video player al the client, a history ol
CDNs for prior videos, geographical information associated
with the device (e.g., country, state, city, Autonomous Sys-
tem Number (ASN), etc.), a device identifier identitving the
specilie device. device resources {(e.g.. available memory,
CPLY, content length {e.g.. short lorm and long lorm video
ol demand, live content, ete.), quality of service (QoS)
information on video plavback, or any other appropriate
client atiribute information. The information included in the
request [rom Aliee’™s client can be collected and processed
by global content distribution monitor 106. which alse
collects, aggregates, and processes intormation from other
clients as well. The global content distribution monitor can
also be confligured o monitor information associaled with
CDNs, such as whether they are down, undergoing mainte-
nance, are having bandwidth issucs. cle. Network trallic
information (e.g., congestion, available bandwidth of links,
etc.) associated with ISPs and network links can also be
monitored by the global content distribulion monitor. The
collected inlormation can be made available and used in
real-time 1o assemble a global content distribution map of
the state of the distribution networl. This global view can be
vsed to assemble dvnamic manifest files in real-time, on-the-
Iy, and that arc customized 1o Alice™s clienl. as will be
deseribed in more detail below.

Based on the request, the dvnamic manifest service can
then fetch the contents/components (e.g., URLs to chunks or
sub-manilest Tles) ol the original defaull standard static
manilest e (c.g.. delault Tor the type of video player). and
use the standard static manifest (Tle as a starling point, in
which the manifests file’s contents are dvhamically over-
written to specify the combination of bitrate and CDN/server
chunks that can provide the oplimal video qualily to Alice’s
requesting client. In some embodiments, a new manilest [ile
is dvnamically generated. The selection/caleulation (e.g., by
dvhamic manitest generation engine 104) of appropriate
{e.g., optimal) bitrate/CDN chunks can be based on the
allribules sent by the video player in the request. as
deseribed above. as well as other aggregated global inlor-
mation, For example, optimal bitrates/CDNs can be deter-
mined hased on intormation that the video plaver is running
on an iPad in S8an Prancisco on the Comeast ISP network.,
The sclection can also be based on global distribulion
inlormation (c.g., current global stale ol conlent distribu-
tion) about current network conditions aggregated from
other video players, as described above. For example, using
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the global distribution map, it can be determined that a large
number ol iPad video players on CDON A Chave been expe-
ricricing high buflering {and hence poor video qualily) on
Comeast and AL 18P networks in San lrancisco during the
last 35 mimutes. Thus, based on the global network intior-
mation, CDN B can be determined as the best choice for
iPad video players in San lirancisco on Comeast or AUEL
The selection of the appropriate bilrale/C1IN chunks can
also be determined bhased on traflic and business policies.
For example, television networlk XYZ can specify that 60%
of traffic on a particular device in a particular location should
go o CDN A, while the remaining 40%: should go o CDN
13. This can allow lor fine grain policy control. As another
example, XY7Z or a CDN may dictate that all viewers should
currently play a lower bitrate than what they are normally
capable of because the network s currently undergoing
mainlenance or high congestion. As another example. XY7Z.
may dictale thal cerlain devices (e.g.. 108 devices) can only
stream from a particolar CDN, as that CDN provides better
support for the type of device. In some embodiments,
location information rom Alice’s video player that is gath-
ered via a separale communication channel than the request
(e.2., ¥ia an agent running on Alice’s client) can periodically
update the dvnamic manifest service with information about
its local state (e.g., current bandwidth, whether the user is
playing in [ull screen mode, ele) through an independent
communication channel.

In some embodiments, the specified manifest file compo-
nents are selected from a repository (e.g., URL cache 108)

ol slored manilest file components {e.g. URLs of chunks. 3

URLs ol sub-manilest files, cte). The slored manilest Ole
components can then be mixed and matched in dynamically
assembling (e.g., using dvnamic manitest generation engine
104) manifest files that provide chunks of optimal bitrates!

CIONg {or even servers with a CDN, e.g.. intra-CDN) lor a3

given clienl based on varlous crileria, such as global per-
lormance and distribution information. "The repository can
be populated with manifest file components by scraping’
harvesting manifest file components from the various static
manilest [iles deployed on various C1INs of various bitrales.
l'or example. slatic manilest [iles can be downloaded [rom
the CDNs that they are deploved on and subsequently read
1o determine the TIRLs (or other appropriate manifest com-
ponents) contained in the static manitest file. Additionally,
URI. cache 108 can also be relreshed periodically (or
asynchronously triggered) 1o request new manifest liles
(with new manitest file components) in order to populate the
URL cache with new manifest file components, or 10 purge
(t.g.. via purge notilication lrom video contenl management

syslem or other purge mechanism 1o invalidale/purge cache s

e.g., [or a particular assel) manilest file components that are
1o longer available so that the repository can be kept fresh
and up-to-date. For example, the manitest files deploved by
a4 CIIN or a publisher can change due o problems arising

(t.g.. error in chunk transcoding) and new information can s

be re-fetched.

Using the retrieved manitest file components, dynamic
manitest generation engine 104 can then generate manifest
files that contain a dynamically assembled Mattened mix ol
URIg to chunks ol various bitrates and C1Ns/servers (c.g..
chunks at 200kbps and 2000kbps from CDN A and B), or a
dynamically assembled mix of URLs to various sub-mani-
lest fles slored on various CINsfservers (cag., so that
Alice’s video player can switch between CIONg). In some
embodiments, rather than overwriting an existing manilest
file, a new manitest file is dvnamically assembled from the
pool of available, candidate manifest file components.
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Dvnamically assembling a manitest file can include editing
the content o a manilest file (c.g.. adding. replacing, remoy-
ing. ele. lines ol manifest Ole component URIs). "The
overwrillenddynamically generaled/assembled manilest [ile
cal then be sent/provided 1o Alice’s video plaver.

Thus, by fetching chunks according 1o the dvnamically
assembled manifest file, Alice’s client can be provided
access Lo chunk bitrates and CIDNs that it would not other-
wise have had aceess (o 1l using stalic manilest [iles in order
lo clleet changesfswitches n bitrates/CIDNg (hat may allow
for a berter viewing experience or to enforce policy control.
Additionally, as the dynamic manitest service has acted as a
proxy in delivering a dvhamic manifest file that Alice’s
video player is already comligured o processiTollow, the
bitrate/CHDN of chunks played by a client video player can
be controlledienlorced by the dynamic manifest service
without requiring the video plaver 1o expose a new AlL, or
introducing new tunctionality, thus allowing the video

2n plaver software 10 remain unmodified.

In (he example shown. dynamic manifest service 102 is
deployed/integrated into (he online video delivery inlra-
structure as a third party service. However, the dvnamic
manifest service can be deploved/integrated at other points,
such as the same device as the video plaver, on the video
conlenl management system, on a CDN origin or edge
servers. cle.

In the case that the dvhamic manifest service is deploved
at the same device of the video plaver, the dvhamic manitest
service can run as 4 local proxy on the device. controlling the
data lor a particular asscl that is provided 1o the video player
on the same device. For example. aller determining the
appropriate bitrates/CDNs for chunks to be plaved by the
video plaver (e.g., using intormation in a local URL cache),
which may include l[uture chunks 10 be played dhead of
where the current video playhead is at, the dynamic manilest
service can look ahcad and pre-lfetch/download the deter-
mined future chunks and store them in a local cache com-
ponent on the device. The dyvnamic manitest service, as a
local proxy. then generales 2 dynamic manilest file; how-
cver, nslead of including the URLs Tor the data chunks on
the CDNs, the URL manitest file components (HTTD
requests) are overwritten to point to the localhost as the host
name, so that the pre-fetched chunks stored in the local
component are reirieved lor playback by the video player.
This can allow [or 2 more scamless playback expericncee, lor
example, when transitioning between video data chunk
segments that originally came from different CDNs.

1G5, 2 15 a (low diagram illustraling an embodiment of a
process for controlling delivery ol a video Lo a client. In
some embodiments, process 2000 s executed by dynamic
manifest service 102 of FIG. 1. The process begins at 202
when a request for a manitest file is received. The request for
a manilest [le may be received from a video player thal has
been redirecied afier requesiing a manilest (ile from a video
content management system. The redirected request can
include information such as the location (e.g., URL) of the
original manitest file provided by the video content man-
agement sysiem. the video assel ol inlerest, as well as client
allribule inlormation, such as the wype ol device the video
plaver is on, the type of content of interest, content length
{e.g., short/long form video on demand, live, ete.), a current
and historical bandwidth estimaic ol the client, a bitrate
hislory [rom prior playback of contenl, a history ol C1INg
from which prior data chunks were received, geographical
information (e.g., country, state, city, ASN), device
resources (e.2., available memory, CTU), ete.
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At 204, manitest file components are retrieved. As
deseribed above, in various embodiments. manilest [ile
components  include location  information (e.g. TP
URLg)Y lor retrieving chunks ol various bilrales and CIDNs.
sub-manitest files, manifest files, etc. from content sources
such as CDNs. In some embodiments, the manitest file
components are retrieved from a repository of stored/cached
manifest (ile components. The manifest (ile components
included in the repository were included. [or example. by
evalualing exisling static manilest [iles, which can be down-
loaded from CDNs and scraped to retrieve their contents and
any other appropriate manitest file component. The retrieved
manitest file components are then stored, tor example, in the
LRI, cache. In some embodimenits, il the URI. cache is
stored locally on the same device as the video player (c.g..
dynamic manilest service runs as a local proxy). the
retrieved manifest file components (e.g., URLs) are trans-
lated/overwritten 1o point to chunks that have been pre-
fetched by the video plaver (and also stored locally), for
example. by using a localhost address. Additionally. the
URI. cache can be periodically refreshed by re-lelching
manitest file components. In some embodiments, the refresh
is performed asyuchronously, or can be triggered based on
changes to manifest file components {e.g., CDN goes offline,
change in chunk dala provided by content publisher, cle). In
some cases. the cache/repository ol manifest {lle compo-
nents can also be purged (e.g., via a purge notification) to
remove stale manifest file components (e.g., that are no
longer valid).

AL 206, a dynamic manilest file is assembled from a scl
ol manifest (ile components. The set ol manilest file com-
ponents to be included in the dyvnamic manifest file can be
selected from a plurality of candidate manifest file compo-

nents. such as those stored in URI. cache 108, The selection 3

can be based on selection crileria. As deseribed above.
sclection/caleulation ol the optimal bitrale/CDN lor dala
chunks can be based on atrributes sent by the video plaver
in the request, global information about current network
conditions aggregaied [rom other video players, traflic infor-
mation, business policies, local information [or the video
plaver that may be gathered via a communication channel
separate from the request, or any other appropriate selection
criteria. A manitest file is then dynamically assembled vsing
the caleulatediselected manilest file components. In some
embodiments, an exisling manilest (ile can be dynamically
overwrirten. For example, it an original manitest file was
included in the recetved request, the original manitest file
can be downloaded and its conlents cdiled (e.g., adding/

deletingimodilying lines of manifest (e components). In s

some embodiments, a new manilest (ile appropriale Tor the
requesting, video plaver is dvnamically created. In some
embodiments, a partial dynamic manifest file can be created
1o allow for mid-stream swilching, which will be described

in more detail below. The dynamic manilest [ile is then sent s

10 the requesting video plaver. In some embodiments, the
dynamically assembled manifest file, when followed/ex-
ecuted by the video plaver, cavses the video plaver to
implicitly effect a switch between data chunks ol different
bilrales/CDNs by directing the video player o letch data
chunks of various bitrates/CDNs selected vsing the criteria
described above,

Several scenarios in which delivery ol content 1o a client
is controlled via dynamically assembled manilest files are
provided helow.

Example Scenario: Selecting an optimal start-time bitrate/
CDN
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In this example, a dyhamic manifest service is used 1o
determine the best available bitrale/CDN for Alice’s video
player 1o begin playing content al. Although the Apple 1S
protocol is used in this example, any appropriate protocol
can be applied.

Alice’s client’s video player. afier being directled 1o the
dynamic manilest service by XY7's video conlent manage-
ment system, requests the original static manifest file
MyFavoriteVideo.m3uB from the dvnamic manifest service
using the standard TP protocol as Tollows:

Hrre Gl

hitp: 7 Best Qualily Video Copoeoms?
1y narnicManles Poriginal Lrl=hip®d A %02 1%
2FednaA.com % 2FMyFavoriteyidea,
rmusdel y=Sunlmncizeodlas Bandwid hMo
asirernen =3000Khpaddevieo lypo=i Paddoonent | ype=
YoDd&isp Comeast

As shown, the hlp gol request speeilies the location of the
dynamic manilest service {BestQualityVideoCorp.com). the

URL for original default static HLS manitest file (on CDN

20 A), the content of interest, the content type (video on

demand) as well as varlous client altribute information (that
may have been included in the initial session request [rom
the client) such as the device type (ilad), ISP (Comeast), last
bandwidth that content was played at, etc. The dynamic
manifest service proceeds to fetch the default starting static
IT1.S manilest file (shown in FIG. 3AY rom hiip:iednA-
comiMyliavorileVideo.m3u8. The dynamic manifest ser-
vice then calculates the best bitrate/CDN 1o be used for this
particular video session based on the client attribute infor-
mation as well as global distribution performance informa-
tion. lior example, the dynamic manilest service can decide
Lo usc bitrate 2000 Kbhps because the request indicated that
the video player has previously experienced 3000 Kbps
bandwidth. Further, the dvnamic manitest service can deter-
ming that the best CON 1o begin with is CION 13 rather than
CDN A, as it has been determined that CDN B3 s currently
the best perlorming CDN for iPads in San lrancisco on the
Comcast ISP network based on global knowledge aggre-
gated from a large number of video plavers (e.g., via global
conlent distribution monitor 106). Oncee the determination of
the oplimal bitrale/C1IN has been made. the original static
manifest file is rewritten 1o include URLs pointing, 1o 2000
Kbps chunks from CDN B. The dvnamically rewritten
manifest file is shown in FIG. 3B.

Iixample Scenario: Mid-stream bitrale/CDN switching

In this example, the dynamic manilest service is used 1o
instruct Alice’s video playver to switch the bitrate/CDN of
chunks after video has already begun plaving.

When responding (o the initial manilest [ile request from
the video player. the dynamic manilest service includes only
URIs (o the first lew video chunks ol the show thal Alice
would like to watch, rather than a full listing of all URLs for
all video chunks (which can be at various bitrates/CDNs)
constituling the Tull video. Additionally, the dynamic mani-
fest service omits the Ind-of-1ile marker at the end of the
manifest file {e.g., removing the #EXT-X-ENDLIST of the
manifest file in FIG. 3B). In this case, the chunk-based video
plaver is configured 1o re-fetch a manifest file which does
not have an Ind-ol=I'ile marker when i has finished playing
all ol the chunks listed in the partial manifest iile.

‘When the video plaver requests the manifest file again, the
dvhamic manitest service can lookup internal, per-video
player session stale information (o determine the next chunk
lo provide the video player. The optimal bitrate and CDN 1o
be used currently are then caleulated, and a new {(or updated)
manifest file is dvnamically generated including a next set of
URLs (or other appropriate manifest file component) for
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data chunks at the selected bitrate/CDN. The dynamic
manifest service can then updale the internal. per video
player session state counter that tracks the chunks previously
provided o Alice’s video player. The new dynamically
generated manitest file is sent 1o Alice’s video plaver, which
follows/processes the manifest file 1o feteh and play the data
chunks vsing the URLs specified in the latest manifest file,
thus elfeeting a mid-stream bitrate andfor C1ON switch. This
protocol can be applicd o both live and on demand video.

Allhough  the foregoing  cmbodiments have  heen
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illusirative and not
restrictive.

What is claimed is:
1. A system for controlling, delivery of a video asset to a
client, comprising:
a processor conligured lo:
oblain one or more manifest (iles:
determined, based at least in part on an evalnation of
the obtained one or more manitest files, a plurality of
manifest file components, wherein a manitest file
component comprises al least one ol a relerence o a
scgmenl of the video assel and a relerence o a
sub-manifest file;
store the determined plurality of manitest file compo-

nents in 4 reposilory comprising a plurality of can- 3

didatle manifest flle components;

receive a request for 2 manifest [ile associaled with the
video asset, wherein the request includes an attribute
associated with the client;

oblain access 10 the repository including the plurality ol 3

candidate manilest [ile components;

based at least in part on the attribule associated with the
client included in the request, select, from the reposi-
tory, a subset of the plurality of candidate manifest
file components associaled with the video assel:

assemble a dynamic manilest fle using the selectled
subset of the plurality of candidate manitest file
components associated with the video asset selected
from the repository based at least in part oo the
aliribute associated with the client: and

provide the assembled dynamic manifest file o the
client, wherein the client is configured 1o obtain
sepments of the video asset according to the
assembled dynamic manifest file; and

a4 memory coupled 1o the processor and configured o =

provide the processor with instructions.
2. The system of claim 1, wherein the attribute includes
geographical information associated with a device associ-
aled with the elient.

3. The system of claim 1, wherein the atiribule includes a5

device tvpe of a device associated with the client.

4. The system of ¢laim 1, wherein the attribute includes an
Internet service provider associated with the client.

5. The system ol claim 1. wherein the subsel of candidate
manilest ile components s selected based al least in part on
performance information,

6. The system of claim 5, wherein the performance
information includes information that has been aggregated
[rom a plurality ol content players.

7. The system ol claim 1. wherein the subsel of candidate
manitest file components is selected based at least in part on
network tratfic.
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8. The system ot claim 1, wherein the subset of candidare
manilest [ile components is selected based al least in part on
# business policy.

9. "The system of claim 1, wherein the subsel ol candidate
manifest file components include URLs.

10. The system of claim 1, wherein the dynamic manitest
file, when followed by a content plaver associated with the
client, elfeets a CDN switch.

11. The system of claim 1. wherein the dynamic manilest
[ile. when lollowed by a content player associaled with the
client, etfects a bitrate switch.

12. The system of claim 1, wherein the dynamic manitest
file, when followed by a content plaver associated with the
client, elfeets an intra-CION server swilch.

13. A method of controlling delivery ol a video assel lo a
client, comprising:

receiving, from one or more remote sources, ole of more

manitest files;

scraping, from the one or more manifest files received

[rom the one or more remole sowrces, a plurality of
manilest [ile components, wherein al least one seraped
manitest file component comprises at least one of a
reference 1o a sepment of the video asset and a refer-
ence to a sub-manitest file;

storing the scraped plurality ol manifest (ile components

in a repository ol candidate manilest file components;
receiving a request for a manifest file associated with the
video asset;

ublaining access 10 the repository ol candidale manilest

file components

hased al least in part on an altribule associaled with the

client, select, from the repository, a subset of the
candidate manifest file components in the repository
associated with the video assel;
assembling a dynamic manilest (Tle wsing the subsel of
candidate manilest [ile components associated with the
video asset selected from the repository based at least
in part on the attribute associated with the client; and

providing the assembled dynamic manifest iile o the
clicni. wherein the client is configured to oblain seg-
ments of the video asset according to the assembled
dyvnamic manifest file.

14. A computer program product for controlling delivery
ol a video assel 10 a client the compuler program product
being embodicd in a nom-transitory computer readable stor-
age medium and comprising computer instructions for:

receiving, from one or more remote sources, ole of more

manilest [iles;

scraping. [rom the one or more manilest liles roceived

[rom the one or more remole sowrces, a plurality of
manitest file components, wherein at least one scraped
manitest file component comprises at least one of a
reference o a segment of the video asscl and a reler-
cnee o a sub-manilest file;

storing the scraped plurality of manifest file components

i1 a repository of candidate manifest file components;
receiving a request for a manifest file associated with the
video assol:

ublaining access 10 the repository ol candidale manilest

file components

based at least in part on an attribute associated with the

client. seleel. [rom the repository. a subsel of the
candidate manilest (ile components in the reposilory
associated with the video assel;

assembling a dvhamic manifest file vsing the subset of

candidate manitest file components associated with the
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video asset selected trom the repository based at least
in part on the atribule associated with the client; and

providing the assembled dynamic manilest (ile w0 the
client, wherein the client is configured to obtain seg-
ments of the video asset according to the assembled
dvnamic manifest file,

15. The system of claim 1. wherein the repository com-
priscs a cache including URLs direcled 1o video segments
that comprise portions of the video asset.

16. The system of claim 1, wherein the processor is
conligured to download the one or more manilest [iles [rom
one or more content delivery networks (CHDNg).

17. "The system of claim 1, whereln the processor is
further configured to retresh the repository at least in part by:

requesting one or more additional manifest files;

scraping, [rom the additional one or more manifest [iles.
a plurality ol additional manilest [ile components; and

storing the scraped plurality of additional manifest file
components in the repository.

18. The method of claim 13, wherein the attribute includes 2

geographical information associated with a device associ-
aled with the elient.

1%, The method of claim 13, wherein the attribute includes
a device tvpe of a device associated with the client.

20 The method of elaim 13, wherein the attribule includes
an Inlemel service provider associated with the client.

21. "The method of claim 13, wherein the subsel ol
candidate manitest file components is selected based at least
i part on performance intormation.

22. The method of claim 21, wherein the performance
information includes information that has been aggregated
from a plurality of content plavers.
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23. The method of claim 13, wherein the subser of
candidate manilest [ile components is selecled based al least
in part on network trallic.

24. The meihod ol claim 13, whercin the subsel of
candidate manifest file components is selected based at least
in part oo a business policy.

25, The method of claim 13, wherein the subser of
candidate manilest (Tle components include URI s,

26. The method of claim 13, wherein the dynamic mani-
fest file. when lollowed by a conlent player associated with
the client, ettects a CDN switch.

27. The method of claim 13, wherein the dyvnamic mani-
fest file. when lollowed by a conlent player associated with
the cliont, cleets a bitrale swilch.

28. The method of claim 13, wherein the dynamic mani-
test file, when tollowed by a content player associated with
the client, effects an intra-CDN server switch.

29. The method ol claim 13, wherein the reposilory
comprises 2 cache including URI s directed o video seg-
ments (thal comprise portions of the video asscl.

30. The method of claim 13, further comprising down-
loading the one or more manifest files from one or more
conlent delivery nelworks (CINs).

31. The method of claim 13, [urther comprising refreshing
the repository at least in part by:

requesting one or more additional manitest files;

scraping, from the additional one or more manifest files,

a plurality ol additional manifest file components: and
storing the scraped plurality ol additional manifest [le
components in the repository.
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