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500 ™~ ( )
Start

)—502
Receive, from a client, a content request

)—504
Dynamically determine an optimal bitrate range for the client

|

Generate output based at least in part on the determination, )‘506
wherein the output includes an indication of the optimal bitrate
range determined for the client

|

08
Provide the output to the client, wherein the client is configured to )_5
obtain content according to the output

|

O

FIG. 5
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600 ~ C )
Start

’—602
Transmit a request for a manifest file
f_604
Receive a Manifest file

O

FIG. 6A
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650 ~ C )
Start

’—652
Transmit a request for instructions usable to reduce a manifest file

f_654
Receive instructions usable to reduce the manifest file

r656
Reduce the manifest file according to the received instructions

O

FIG. 6B
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DYNAMIC BITRATE RANGE SELECTION IN
THE CLOUD FOR OPTIMIZED VIDEQO
STREAMING

CROSS REFERENCE T OTHER
APPLICATIONS

This application is a continuation of co-pending LS.
patent application Ser. No. 14/871.624. now 115, Pal. No.
10,178,043, entitled DYNAMIC BITRATE RANGE
SELECTION IN THE CLOUD FOR OPTIMIZED VIDEO
STRIAMING filed Sep. 30, 2013 which is incorporated
herein by reference for all purposes, which claims priority o
18, Provisional Application No. 62/089.158 entitled
DYNAMIC BITRATE RANGE SELECTION IN THE
CLOUD FOR OPTIMIZED VIDECQ STREAMING filed
Dec. 8, 2014 and (o 1.8, Provisional Patent Application No.
62/161,790 entitled BITRATT RANGI CONTROI. filed
Mayv 14, 2015, both of which are incorporated herein by
reference for all purposes.

BACKGROUND O TTIE INVENTION

Achieving high quality content streaming on the Internet
can be challenging. For example, the dvnamic nature of
nelworks, as well as the dynamic helerogeneitly ol the
devices used by end-users (o access conlenl. can make 1t
difficult to achieve a consistently high quality across the
myriad tvpes of devices accessing content on various net-
works.

BRIV DESCRIPTION OF TTIE DRAWINGS

Various embodiments ot the invention are disclosed in the

lollowing detailed deseription and the accompanying draw- 3

ings.

IIG. 1A illustrates an example embodiment ol an cnvi-
ronment in which dyvnamic bitrate range selection for opti-
mized video streaming is pertormed.

FIG. 113 is an allernate example embodiment o an
environmenl in which dynamic bitrale range sclection lor
optimized video streaming is pertormed.

FIG. 2A 15 a block diagram illustrating an embodiment of
a client.

I'ICr. 213 is & block diagram illustrating an embodiment ol
a client.

FIG. 3 is a block diagram illustrating an embodiment of
a content distribution coordinator,

IIG. 4A illustrales an example ol a multdimensional
lable.

IIG. 413 illustrales an example ol a multidimensional
table.

FIG. 5 is a flow diagram illustrating an embodiment of a
process for selecting a bitratle range.

IIG. A 1s a ow diagram llusiratling an embodiment ol s:

a process for obtaining an optimal bitrate range.

FIG. 6B is a flow diagram illustrating an embodiment of
a process for obtaining an optimal bitrate range.

IIG. 7A llustrales an example ol a policy conligured Lo
[acilitale AR wwesting.

FIG. 7B illustrates an example of a policy

FIG. 8A is an example graph with respect 1o device model
variability.

I'ICr. B13 1s an example graph with respeet o device model
variability.

FIG. 9A illustrates an example graph with respect 1o ISP
variability.
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FIG. 9B illustrates an example graph with respect to ISP
variabilily.

FIG. 10 illusirates an example table including various
lactors and dimensions.

FIG. 11 is an example tree representation of bitrate range
decision malking.

FIG. 12 illustrates an example table illustrating example
deeisions and Impacis.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways,
including as a process; an apparalus; 2 syslom: 4 composi-
lion of mailer; a compuler program product embodied on a
compuier readable storage medium: andfor a processor. such
as a processor configured 10 execute instructions stored on
and/or provided by a memory coupled 1o the processor. In
this specification, these implementations, or any other form

o that the inveniion may lake. may be referred (o as tech-

nigucs. In general, the order ol the sleps ol disclosed
processes may be allered within the scope ol the invention.
Unless stated otherwise, a component such as a processor or
a memory described as being configured to perform a task

3 may be implemented as a general component that is tem-

porarily conligured to perlorm the task al a given tme or a
specilic component that is manulactured 1o perform the task.
As used herein, the term “processor” refers 1o one or more
devices, circuits, and/or processing cores configured 1o
process dala, such as computer program instructions.

A delailed description of one or more cmbodiments ol the
invention is provided below along with accompanying [ig-
vres that illustrate the principles of the invention. The
invention is described in connection with such embodi-
menis, but the invention is not limited 1o any embodiment.
The scope ol the invention is Timiled only by (he claims and
the invention encompasses numerous allernatives, modili-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not heen deseribed in detail so that the
invention is not unnecessarily obscured.

In distributing content, client devices are nsed 1o access
content, such as avdiovisval content (e.2., movies, songs,
lelevision shows. sporling evenls, games, Images. ele.) thal
is pwned by conlent owners. Content is stored {or caplured)
al origin servers. then distribuled via other servers. caches,
content delivery networks (CDNs), proxies, etc. (collec-
tively, “content sources™). Examples of CDNs iclude Aka-
mal. Limelight Nelworks, and Level 3 Communications.
Conlent sources cmploy a varicly ol lechnologies and
include HTTD, Adobe Flash Media, and Microsott Internet
Information Service servers.

When requesting, content, the client is directed (e.g., bv a
conlent management system) Lo a particular CIN and ulti-
mately o a particular CION node. The client device then
begins streaming content from the CDN node over a net-
work (such as the Internet), which is in turn rendered on the
client device (e.g., via a Mlash. Silverlight, or ITTMILS player
il a wieh browser application 1s being wsed). lxamples ol
client devices include personal compulters, laplops, cellular
phones/personal digital assistants, and other types of infor-
mation appliances such as set-top boxes, game consoles,
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smart TVs, broadband routers, file servers, video servers,
and digital video rocorders. as applicable.

Content may be encoded by publishers in multiple difl-
[erent bitrates or bandwidths. When clients are directed lo a
CDN 1o stream content, the CDN provides clients with a
manitest file that includes the full superset/list of all avail-
able bitrates al which the requested content is encoded. The
maniflest [ile that includes the full list of available bitrates 1s
a file that is formatred and includes svotax that is specific to
a particular video protocol (e.g., Apple®E HTTP Live
Streaming, (HLS), MPEG-DASH, etc.).

Some clients are conligured with adaptive bitrate (ABR)
logic 1o make locally, al the client. a selection of one of the
bitrates at which 1o stream content. Client-side ABR logic is
tvpically configured 10 make selections (which can change
over lime) based, lor example. on changing network condi-
Lions.

In some content distribulion solutions. cvery client is
provided the same set/list of available bitrates, which is
capped at a maximum bitrate (e.g., that may be set by
publishers). Client devices, however, may vary dramalically
in processing power and capabilitics, where some devices
may be constrained in their ability 1o render content at
certain bitrates. For example, older devices with lower
performance capabilities may only be able to render content
al lower bilrales, while a newer device may have the
perlormance capabilily 10 render conlent al very high
bitrates. Additionally, client devices may also operate on
networks provided by various Internet Service Providers

(15Ps) of dillerent types (c.g.. cellular. cable, 1381, ele) that 3

provide dillering levels of bandwidlh and network perfor-
mance, which can constrain the bitrales at which dala can be
streamed reliably and with high quality.

In an effiort to address the vast heterogeneity of device and

nelwork capabilitics, publishers. in some solulions. are 3

lorced 10 choose a maximum bitrale al which o cap the
encoding of contenl thal compromises qualily for high
performance devices (or ISPs) to ensure that the quality for
lower performing devices (and ISD’s) is decent and reliable.

However. such compromise can lead (o suboplimal selee-
tions of bitrates by the ABR logic resident on clients. For
example, while existing ABR logic is designed 10 make a
selection based oo dynamic changes in a networl, the ABR
logic operates nnder the assumption that it can sustain any
bilrale that it is provided {(where the ABR logic can decide
that a bitrale in a provided list cannol be sustained al a
certain moment based on dynamic congestion). Without
issues in dynamic network congestion, the ABR logic will
allempt o play higher and higher bitrates in the list of

bilrales the client has been provided. even il the device itsell s

does not have the performance capability o render higher
bitrate streams. Thus, low end devices may suffer when
attempring 10 render such bitrate streams, resulting, for
example. in stutlering. device overheatling, and 2 poor qual-
ily expericnice for an end-user viewer.

Ag all clients, regardless of tvpe or network, are provided
the same set of available bitrates, the highest bitrate made
available (which has been artificially capped) 10 a Ligh
perlormance device may be lower than whatl the device 1s
capable ol rendering. "Thus, the expericncee [or such high end
devices is vnduly limited, where the end-user is prevented
from having a higher quality experience.

Solutions in which all clients are provided the same set ol
bilrales regardless of device or network capabililies may
resull in suboplimal streaming decisions thal can lead (o
lower quality streaming experiences and impact user
engagement,

[
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Described herein are various techniques for bitrate con-
rol. including delermining customized, optimal bitrate
range scleetion al a location at least partially remote rom the
client device. Using the (echniques deseribed herein, an
optimal set of bitrates that a specific device should utilize
can be determined based on factors such as the network that
the device is on and the type ol the device. Within that
determined range (which may be a subscl ol the Tull list of
available bitrates at which content is encoded), clients can

3 adaptively select whatever bitrate is appropriate at a par-

ticular moment in time.

I'or example, based on knowledge of the specille nelwork
that a device is on. andfor the static characteristics of a
specitic device being vsed (e.g., tvpe of device, device
hardware capabilities (e.g., display resolution, processor
speed, ele.), dillerent clients can be given dillerent ranges
ol bitrates that are oplimally selecled/determined based on
those characteristics/attributes. As will be described in [ur-
ther detail below, the determination can be automatically

20 made by predicting the optimal bitrate based on data aggre-

gated from multiple clients. The determination ol the range
can also be manually conligured. lor example, using poli-
cies. Thus, out of a tull set of, for example, ten bitrates, a
lower performance mobile client can be given only a subset
of the four lowest bitrates, while a home set-top box on a
high perlormance home Intemet connection can be provided
# larger range ol bitrales. "The different devices then adap-
tively make selections (e.g., by using the local ABR logic
already resident on the devices) from the provided subsets.

As will be described in Turther detail below, the tech-
nigues deseribed herein provide a bilrale range control
mechanism (hal maximizes viewer engagement by aligning
the set of bitrates provided 1o each client device 1o the
capability of a specific device model and the network/ISP 10
which (he device is connected.

While example embodiments in a video streaming (e.g.,
live and on-demand streaming) ceosystem are deseribed
below, the techniques described herein can variously be
adapted 1o accommodate any tyvpe of multimedia‘audiovi-
sual content distribution. as applicable.

IF1G. 1A illustrates an example embodiment of an envi-
ronment in which remote dvnamic bitrate range selection for
optimized video streaming is performed.

In the example shown, suppose that a user of client device
102 wishes 10 walch a video using player application 104, In
some embodiments, the player application 15 a dedicated
application. In other embodinents, the player application is
provided by a web browser application. The user begins a
video slreaming session (c.g., by hitling “play™ on a selecled
video). As used herein, a session refers Lo an enlily repre-
senling an instance ol a user’s playback inleractions with a
content asset. The session may begin with a vser’s request
for a particular content, and end when the user ceases
playing the conlent {e.g., the user stops walching a requested
video).

Client 102 also includes adaptive bitrate { ABR) logic 106,
which is configured to make a selection of a bitrate from a
list of candidate bitrates (e.g., as included in a manitest file)
based on laciors such as dynamic network comgestion during
4 slreaming session. Client device 102 comnects o conlent
management system (CMS) 108 (e.g., via one or more
networks 110} and requests the content.

In this example. rather than dirceling the client 10 a C1ON
{e.g.. CDN 112) 1o oblain a manifest fle. the CMS redireets
the client {e.g.. via a provided universal resource localor
(URLY) to obtain a manitest file from content distribution
coordinator (CDC) 114, When the client is redirected to the
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CDC, the client also provides multidimensional client attri-
hute metadata. The multidimensional client information can
include meladata such as device type and nelwork (c.g..
ISP). Other examples of mulidimensional client metadata
will be provided in further detail below. The CDC is also
provided an indication of the content 1o be streamed. The
particular CDN node(s) hosting the conlent may also be
provided to the CIIN (or the C1X can delermine the
CDN(s)).

In the example shown, the CDC is configured to commu-
nicate with CDN 112. The CDC abtains from CDN 112 a full
maniflest [ile that is stored on the CDN that includes the Tull
list/supersel of bitrales available for the requested conlent.
The CDC is then configured 1o perform avtomated selection
of an optimal bitrate range from the full list of bitrates,
ensuring that the requesting device. based on its characler-
islics (e.g., extracled from oblained multidimensional client
metadata inlormation), is given an appropriate range ol
bitrates on session start. The determination can be made
based on a prediction vsing global data aggrepated from
various clients (c.g.. clients 116 as well as client 102) as wll
as rules dictated/delined by policies (which can be manually
configured). Various techniques for making predictions, as
well as example policies for vse in determining the optimal
bitrate ranges, will be described in turther detail below.

Based on the determined subsel bitrale range, the CDC is
then conligured o rewrile the original [ull manilest [ile.
generating a modified/constrained file that includes only the
determined subset bitrate range, rather than the full list/
supersel n the originally/previously obtained manilest [ile.
Generating the modilied manilest file includes manipulating.
truncating, or olherwise modilying the obtained [ull mani-
fest file. In some embodiments, rewriting the tull manifest
file includes moditving the tull manitest file by removing the

bilrales that are not to be provided o the elient. The CDC s 3

conligured o process (c.g.. parse and rewrite) manilest files
corresponding (o various video prolocols.

The CDC is then configured to provide the reduced
manpitest file to the client. During the streaming session,
AR logic 106 on client 102 is conligured 10 make bitrale
scleetions using the reduced manilest (ile provided by the
CDC backend. Video data (e.g., video chunks) encoded at
the selected bitrate is then obtained trom the CDN and
rendered tor plavback on the client.

Allernate Scheme  Client-side Reduction Mechanism

In (he above content distribution environment ol I TAL
in which a content distribution coordinator obtains and
reduces a full manifest file betore passing the reduced
maniflest (e o the client, no changes o the clienl are
required.

II' the clients can be changed/modilied, an example aller-
hate scheme can be used, where the client is configured to
locally generate a reduced manifest (rather than receiving a
reduced manilest from a backend). Deseribed herein is an
example embodiment ol such an allernate scheme.

FIG. 1B is an alternate example embodiment of an
environment in which dvoamic bitrate range selection for
optimvized video streaming is performed. In the example
shown, supposc thal a user ol clicnt device 152 wishes Lo
walch a video using player application 154, The user beging
a video streaming session (e.g., by hitting “play™ on a
selected video). Client device 152 connects 1o content man-
agement system (CM8) 156 (e.g., via one or more networks
158) and requests the conlent.

In this example. the client. rather than being redireeted by
the content management system 1o obtain a manifest file as
described in the example environment of FIG. 14, is

[
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6
directed (e.g., via a provided manifest URL) to a CDN 160
lo oblain an original manifest (ile that includes the [l
supersel of available bitrates.

In the example environment shown, (he client includes
logic that is then configured to parse the original manitest
file 1o obtain/extract the full superset of available bitrates.
The [ull 1ist of available bitrates 1s then sent 10 a conlent
distribution coordinator (C12(7) 162. Meladala inlormalion
associated with the client, such as network (e.g., ISP) and
device type, is also provided 1o the CDC as described above,
A custom protocol can be nsed to communicate data‘infor-
mation between the client and the backend C13C.

The CDC then determines. as deseribed above. whal
subset bitrate range of the tull superset of available bitrates
is optimal/usable for the client given its characteristics. As
deseribed above in the example environment ol 1. 1A, the
bitrale range determinalion can be made based on global
intelligencefshared dala aggregated from various clients
{e.g., clients 164 and client 152) as well as policies. Instrue-

25 tions can then be sent to the client, which instruct the client

lo restrict/constrain iy pool ol candidate bitrales o the
subset of bitrates the backend has delermined that the client
should wse. For example, the CDC can send the determined
subset as an array/list of usable bitrate values to the client
{rather than a manifest file as in the example environment of
IICGE TA).

Upon receiving (he usable 1ist ol bitrates determined by
the backend CDIC, the client is configured to use reduction
logic 166, which is configured 1o restrict the usable range of
bitrates according (o the deeision made by the CDCL Lior
cxample, the clientl reduction logie can be conligured 1o
rewrile the original manilest fle (received from CION 1607
according to the subset of bitrates determined and provided
by the CDC (ie., the bitrate range restriction/manitest
reduction mechanism is performed locally on the client,
rather (than on the backend CDC as deseribed above with
respeet o UG, 1), "Thus, n this example, the backend C1C
provides an indication of the bitrate range that the client
should vse, while the client is configured to locally take the
action ol reducing the sel of bitrates that will be used 1o
stream conlent {e.g., by reducing a manifest (ile).

In the above example, the backend CDC provides the
client with a list of nsable bitrates, which are then vsed by
the client to reduce a manifest file. The list of usable bitrates
is derived [rom the [ull list of bitrates. and is a subset of the
bitrates included in the Tull list ol bitrales. As another
example, rather than, or in addition to providing a list of
bitrates, the backend CDC provides a threshold bitrate, such
as a4 maximum recommended/suggested bitrale Tor the cli-
ent. A set ol bitrates (hal should not be played by the client
can also be provided. "The local reduciion logic then uses the
provided bitrate cap and/or set of bitrates to be excluded 10
determine a usable set of bitrates from a tull set of bitrates
{c.g.. by sclecting the bitrates in a [ull scl ol bitrales [rom a
manilest [ile that [all below the threshold bitrate. as well ag
removing any bitrates that should be excluded, as deter-
mined by the CDC). In some embodiments, the instructions
provided by the CDC, such as the vsable list of bitrates and
the threshold bitrate. are determined withoul requiring the
client Lo provide a [ull list of usable bitrates (c.g., withoul
having 1o extract the full set of bitrates from a manifest file
and providing the full set to the CDC). For example, the
CDC can determine an appropriale threshold bitrale cap
andior a sl of bitrates that should not be played by the
client, based on the characteristics on the client. withoul
referring to or having knowledge of the full superset of
available bitrates specified in 1 manifest file.
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The ABR logic 168 resident on the client then uses the
locally rewrittensreduced manifest file when making a
bilrale seleetion during a streaming session. Video data (c.g..
video chunks) encoded at the sclecled bitrale is then
obtained trom the CDN and rendered for plavback on the
client.

In some embodiments, a content management system
(t.g.. conlent management systems 108 and 156 ol F1GS. 1A
and 113, respectively) and a conlent distribution coordinator
(t.g.. content distribution coordinatlors 114 and 162 ol IGS.
1A and 1B, respectively) are operated by the same entity. For
example, an online movie streaming service could operate
both a content management system and a content distribu-
tion coordinator. A conlent distribution coordinator can alse
be operated by other entitics. lor example, a content distri-
bution coordinator can be operaled by an operator ofa CION.
A content distribution coordinator can operate indepen-
dently of a content management system and‘or indepen-
dently ot a CDN. As one example, the owner of a content
distribution coordinator could provide services o multiple
contenl management systems (e, (hal may be associated
with different services) and/or multiple CDNs.

Ag shown in the above examples, clients can be provided
an optimal set of bitrate ranges based on their characteristics
(c.g. ISP deviee type, cle.). B3y having a backend such as
CHC 114 or C1DC 162 perlorm dynamic bitrale range
selection, the functionality and intelligence needed to handle
device model and ISP network limitations/capabilities can

he separaled rom device-level ABR algorithms, which are 3

designed primarily (o handle dynamic congestion. Qualily
and engagement can then be maximized by climinating the
need to compromise when selecting the full range of bitrates
for encoding.

Client

I'IG. 2A is & block diagram illustrating an embodiment ol
a client. In some embodiments. elicnt 200 is an example ol
client 102 of FIG. 1A, In the example shown, client 200
ncludes plaver 202, communications interface 204, moni-
loring engine 206, adaptive bitrale logic 208, and streamer
214

Plaver 202 is a portion of a client device application and
is configured to provide controls for controlling plaving of
a video stream. For example, the plaver facilitates/supports
the controls ol a user interface (U1 that an end user inleracts
with. In some cmbodiments. the player is a portion of a
client application or agent that provides Ul controls with
which vsers interact. The plaver is also configured 1o render
slreaming content.

Communications inlerlace(s) 204 is conligured (o lacili- =

lale communication ol data/inlormalion. over a network
such as the Internet, between a client (or plaver resident on
the client, such as plaver 202) and remote entities, such as
content management system 108, CDN 112, and Content

Distribution Coordinator 114, in the manner deseribed in s

FIG. 1A,

Monitoring engine 206 is configured to monitor perfor-
mance and quality information associated with a client, The
information collecled by the monitoring engine includes
quality metrics. lixamples ol qualily metrics include bilrate.
average bitrate (e.g., average bitrate sustained over the
lifetime of a session during which a video is played),
bullering. failures. starlup lime (measure ol tme of how
long the conlent ok Lo start playing), lailure evenis {c.g..
[ailure o start), cle. Another example ol a quality metric
monitored by the monitoring engine is butfering ratio, which
is a metric indicating operating interruptions. For example,
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the buffering ratio represents a measure of how otten (e.g.,
pereentage ol time) a stream is being bullered {and inter-
rupled).

Other examples ol information collected by the monitor-
ing engine include local state intormation. The local state
information includes current measurements of the client,
such as a content player’s current bitrate. cwrrent CDN,
current player state (e.g.. playing, bullering, pausc, stopped),
current plaver butter length, current play head time/position,
current bandwidth measurement estimations, current frame
rate, ete. Other state information can include events such as
bullering and crror events.

In some embodiments. the quality metrics. perlormance
information, and state information are collected on a per-
session basis.

In some embodiments, the monitoring engine is conlig-
ured to generale summaries of state changes, such as all
bitrates played so far during a session (and playing lime and
buffering time for each cne), all the CDNs used so far (and

2 the playving time, buftering time, and errors for each one),

sliding window ol segment download inle {c.g.. start lime,
end time, duration. bytes, cte). sliding window ol average
download bandwidth, sliding window of frame rate mea-
surements, as well as other historical information about user
interactions (e.g., seeking forward, seeking backward, etc.).

The client is conligured o transmil the collected/moni-
lored inlormation. as well as summary information o the
CDC (e.g., vsing communications interface(s) 204) for pro-
cessing. The quality metrics can be transmitted on a per-
session basis. The inlormation can be sent. [or example, via
heartbeal messages. where, in some embodiments. a “heart-
beal™ message refers 1o a packagepayload of inlormalion
that is sent from the client to the backend. As will be
described in further detail below, the backend CDC is
conligured 10 aggregate the collected qualily melrics dacross
multiple dimensions (such as the allributes of a client and a
session).

Metadata associated with the client/session is also trans-
mitted with the collected quality metrics (e.g., on a per-
session basis). lixamples of metadata inlormation include
ISP and geo-inlormation {c.g. cily, slate. country, cle..
Metadata information also includes device information, such
as device model, device version, device type (e.g., mobile,
set-top box, gaming console, etc. ), operating system running
on the client device, version ol the operaling system, clc.
The metadata can also include conlent information, such as
the name of the content 10 be plaved, the type of the
content/asset (e, ONDEMAND, LINEAR LIVE,
LIVIL VN ele), the type ol video protocol associated
with the contentassel (c.g., 118, Smooth Streaming. [1DS,
cle), sreamer lype (c.g. Native Android streamer, Nex-
Streaming streamer, ete. for Android; M MoviePlaver or
AV Foundation streamer for 108, ete.), HT'TT user-agent of
the content-playing device, custom lags. ole.

Adaptive bitrale logic 208 is conligured (o select, from a
list of hitrates, an appropriate bitrate at which to stream
content. In some embodiments, the list of bitrates is pro-
vided in the form of a manitest file, which is read by the
adaplive bitrale logic. "The adaplive bitrate logic is conlig-
ured to make a selection based on various laclors, such as
dvnamic network changes. In some embodiments, the adap-
tive bitrate logic operates under the assumption that all of'the
bitrates that it is provided are playable by a device.

Streamer 210 is conligured 1o stream actual video data. In
some cmbodiments. the streamer is Implemented using a sel
of libraries and code that communicate with and download
data {e.g., video chunks) from a content source (e.g., a
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CDNJ. In some embodiments, the streamer cooperates with
content sources (o oplimize usage of a streaming buller.

In some embodiments, il the client is unable to commu-
nicate with the backend (c.g.. duc (0 nelwork conditions/
issues), the client is configured 1o enter into a failover mode.
Forexample, the client can revert to obtaining a manitest file
from a CDN (e.g., where the CMS provides the client with
a default URI. Jor oblaining the original manilest file) and
using the manilest direetly (c.g.. withoul having a rewritlen
manilest [ile provided by a C12C7). Failover mode can be
entered, for example, it no response from a backend (e.g.,
for a bitrate range or manifest file) is received affer a
threshold amount of time, or after a threshold number of
allempts al communication (c.g., il no response 1s received
[rom the C1XC aller a threshold number of heartbeat moes-
sages hag boen transmilted).

In the example of client 200, as described in FIG. 1A, the
client does not include logic for redueing the set of bitrates
i1 a manitest file. Rather, the client is configured to obtain
manilest [iles from a backend such as CDC 114 ol FIG. TAL
l'or example. rather than being directed by a CMS 1o oblain
amanifest [ile from a CIN. the client s provided a URI. that
redirects the client request for content to a CDC. The client
uses the URL (e.g., via communications intertace(s) 204) to
request @ manifest [ile from the CDC. In some embodiments.
multidimensional client altributes associaled with the client
are also provided [rom the client Lo the CHDC.

As will be described in further detail below, the CDC is

configured to perform the processing of obtaining an origi- -

nal manifest file intended for the client (that includes a full
list ol available bitrales). and providing a modificd manilest
file that includes the usable subsel of avallable bilrales
determined (o be appropriate lor the requesting client (based
on the attributes of the requesting client). The client then
directly uses the provided manitest file, where, for example,
from the perspective of the adaptive bitrate logic, the trun-
caled range ol bitrates is the complele sel ol available/
candidate bitrales al which conlent can be oblained. In this
example. the client does nol have knowledge of the bitrales
that were removed from the toll superset of bitrates in the
original manifest file, and thus will not attempt 1o select
those bitrates which a backend has determined that the client
should not atlempt o play. In such 2 scenario. implemen-
tation of dynamic bitrale range sclection does nol require
modification 1o the client.

In some embodiments, as described in the example of
IFI¢r. 113, 1l a client is gble to be conligured/modified. the

client can be configured with local logic 10 perlorm the s

actiom ol redueing a [ull set of bitrales o a usable range of
bitrates (where the nsable range is still determined by a
backend such as CDC 162 of FIG. 1B).

I'ICr. 213 is & block diagram illustrating an embodiment ol

a client. In some embodiments. elicnt 250 is an example ol s

client 152 of FIG. 1B. In the example shown, client 250
includes plaver 252, communications interface 254, moni-
toring engine 256, manifest processing engine 258, adaptive
bilrale logic 264, and streamer 266. Manilesl processing
engine 258 lurther includes maniflest parsing engine 262 and
manitest reduction engine 260.

In this example, client 250 includes local logic/mecha-
nisms for reducing a [ull sel ol bitrales {c.g.. provided in a
maniflest) Lo a subsctusable list of bitrales o be used by the
client o stream conlent.

In some embodiments, plaver 252, communications inter-
face(s) 254, adaptive bitrate logic 264, and streamer 266 are
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examples of plaver 202, communications interface(s) 204,
adaplive bitrate logic 208, and streamer 210 of VIG. 1A,
respeclively.

Muanilest processing cngine 258 is conligured 1o perlorm
processing of manifest files (e.g., obtained from an entity
such asa CDN via communications interface(s) 254). Mauni-
fest parsing engine 262 ol (he manifest processing engine
258 1s conligured o parse oblained manifest fles. In some
embodiments, parsing obtained manifest files includes read-
ing the manifest files and extracting the full set of available
bitrates indicated in the manifest files. The parsed manitest
files can include original maniflest fles oblaimed rom a
conlenl management system or CION as deseribed in the
example environment of FIG. 1B. The extracted full list of
bitrates is then transmitted 1o a backend such as CDC 162 of
111G, 113, for example. via communications inlerlace(s) 254.

As will be deseribed in furiher detail below, the CHDE s
conligured 1o evaluate the ull sel of bitrales and delermine
a set of instructions which indicates what subset of the full
set of bitrates is vsable for the requesting client. As
deseribed above. the nstructions can include an array or list
that includes cach bitrale which 1s usable by the client. In
other embodiments, the instructions include a threshold
bitrate, where all bitrates at or below the threshold are usable
by the client. The instructions can also include those bitrates
that should be excluded [rom being played by the client. The
reduction mechanism is then conligured o evaluale the
obtained original manifest and determine which of the
individval bitrates specified in the original manitest should
be removed based on the received nstructions.

Muanilest reduction engine 2600 ol the manilest processing
cngine 258 is confligured o interprel the instructions and
reduce the bitrates indicated in an original manitest file
accordingly. In some embodiments, bitrate range reduction
includes rewriling the manilest file 0 only include the
usable range ol bilrales (e.g., by removing the bilrales in the
original manilest (Tle that are not usable). In other embodi-
ments, bitrate range reduction includes generating a new
manifest file that includes only those bitrates determined by
the backend 1o be appropriaie and usable by the client.

The reduced manifest ile can then be used {e.g.. by the
adaptive bitrate logic) when obtaining streaming content, as
described above.

In some embodiments, if the client is unable to commu-
nicale with the backend (e.g., due 1o network conditions!
igsues). the client is conligured (o enter inlo a [ailover mode.
For example, the client can revert 10 using the original
manifest file obtained from a CDN directly (e.g., withont
requesiing a bitrale range [rom a C1C7). lailover mode can
be entered. lor example. il no response [rom a backend (e.g.,
for a bitrale range) 1s received afler a threshold amount of
time, or after a threshold number of attempts at communi-
cation (e.g., it 1o response is received from the CDC atter
a threshold number ol hearlbeal messages has been trans-
mitied).

In contrast to the example of client 200 of FIG. 24 client
250 includes a local reduction mechanism for modifving a
manifest file that is to be provided 1o the adaptive bitrate
logic. The lollowing is an example scenario ilustrating how
the various components of client device 250 inleract with
each other. Rather than obtaining an already modified mani-
test file from a backend such as CDC 162 of FIG. 1B, the
client first oblains an original manifest (ile {ec.g., via com-
munications interlace(s) 254), lor example, rom conlent
management system 156 of UG 113, The original manilest
file includes a full list/superset of all of the available bitrates
at which content is encoded. The client then parses the
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original manitest file (e.g., using manifest parsing engine
262) 10 extract the Mull list ol available bitrales. "The client 1s
then conligured 1o pass the [ull list ol bitrates parsed [rom
the original manilest [ile o the CDE, along with the mul-
tidimensional client atiributes of the requesting client. The
CD(C is then configured 10 make a determination as to what
subsct/range ol (he Tull list ol available bitrates s usable/
appropriaie 1o the client, based on the characleristics of the
client. The CDC then provides instructions 1o the client
based on the determination. In some embodiments, the CDC
provides, as instructions, a threshold bitrate, which, for
example. indicates a maximum usable bitrale lor a client.
and/or & set ol bitrates Lo be excludedfremoved. The resull-
g usable set of hitrates may be disjoint and non-contigu-
ous. In some embodiments, the instructions provided by the
C12C. such as the usable list ol bitrates, the threshold bitrale
cap, andfor the set ol bitrales 1o be excluded. are delermined
and provided withoul requiring the client o provide a [ull
list ot usable bitrates (e.g., without extracting the full set of
bitrates from a manifest file). For example, the CDC can
determine the appropriale threshold bitrate/appropriale sct
ol bitrales based on the characleristics on the client. without
referring to or having loowledge of the tull superset of
available bitrates specified in a manifest file.

Client 250 is then configured to locally modity the
original manilest [ile according 1o the instructions provided
by the CDE {e.g., using manilest reduction engine 260). For
example, it' a usable list of bitrates is provided, the client is
configured 10 rewrite the original manifest file (or generate

a new manilest (Tle) that only includes (he usable listsel 3

provided by the C1CL T a threshold bitrate is provided. the
client is conligured 1o rewrite the original manilest (e {or
generate a new manifest file) that only includes bitrates in
the original full list/superset in the original manifest file that

are al or below the threshold bitrate cap. ITa sel ol bitrales 3

1o be excluded 1s provided. then those bitrales are removed
[rom the manilest fle.

The rewritten (or newly generated) manifest file is then
provided to the adaptive bitrate logic 264, which is config-
urcd o make bitrate selections only [rom the usable list
provided in the rewritlen/mewly generated manilest file (le..
the reduction process is transparent 1o the adaptive bitrate
logic, which does not have lnowledge of the bitrates that
were removed from the full set of hitrates in the original
manifest file. and thus will not attempl o seleet those
bilrales which a backend has delermined that the client
should not attempt to play).

Content Distribution Coordinator

I'IG. 3 i a block diagram illustrating an embodiment ol

a conlent distribution coordinator. In some embodiments. =

content distribution coordinalor 300 15 an example of con-
tent distribution coordinator 114 of FIG. 1A and content
distribution coordinator 162 of FIG. 1B. In the example
shown, content distribution coordinator 3000 includes com-

munications inlerface{s) 302, inpul engine 304, global intcl- s

ligence engine 306, database 308, policy engine 310, bitrate
range decision engine 312, output engine 314, reporting
engine 316, and testing engine 318, Birrate range decision
engine 312 further includes bitrale range analysis engine 320
and bitrale range sclection engine 322,

Communications interface(s) 302 is configured to tacili-
Tate communication of data‘information between the content
distribution coordinator and other enlities, such as clients.
content management systems. CDNs. ele. over a network
such as the Internel.

Input engine 304 is configured 10 process data received by
the content distribution coordinator (e.2., via communica-
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tions interface(s) 302). One example of information received
by the input engine is information received [rom clients.
An example of such client inlormation is mulidimen-
sional client inlormation received [rom clients such as
clients 200 and 250 of FIGS, 2A and 2B, respectively. The
multidimensional client intormation includes information
associaled with the client. as well as inlormalion associaled
with the sesslon [or which contlent is being requested. In
various embodiments, the multidimensional client intforma-

3 tion includes device model, operating svstem, operating

svstem version, IS, geo-location, content type, and content
name. As will be described in lurther detail below. the
multidimensional client inlormation can be used by bitrale
range decision engine 312 1o determine an appropriate range
of bitrates 10 be provided to the requesting client, given its
characleristics.

Anolher example of client inlormation received [rom
clients includes clicnt local state imlormation. as well ag
performance and quality (e.g., CQuality of Experience (QoE))

25 information, as described above. As will be described in

lurther detail below, the client local state. perlormance. and
quality imformation can be aggregatedicollecled/pooled as
global shared data and processed by global intellipence
engine 306 to generate a global view of performance across
naodes.

Anolher example o inlormation received by the content
distribution coordinaior includes manilesi files, which can
be received, for example trom CDNs, as described in the
example environment of FIG. 1A, As will be described in
luriher detail below, the manilest files associated with con-
lent requested by a client can be oblained and processed by
the content distribution coordinator o delermine whal range
of bitrates in the superset of bitrates specified in the obtained
manifest files is appropriate for a particular requesting, client
based on its characleristics. As will also be described in
luriher detail below, (he oblained manifest [iles are used as
starling points which are modified {or used as templates 10
create a hew manitest file) that include the range of bitrates
determined appropriate for a client and/or have those bitrates
thal are delermined 10 nol be appropriate removed.

Anolher example o inlormation received by the content
distribution coordinator includes tull lists of bitrates, such as
those received from clients as described in the example
environment of FIGS, 1B and 17 conjunction with client 250
ol PIG 2B, As will be described in [urther detail below, the
full lists of bitrales arce the supersel of available bitrales as
specitied in 8 manitest file (processed by a client). In some
embodiments, the CDC is configured 1o determine which
subset ol bitrates in the [l list ol available bitrates is
appropriale candidate bitrates [or a requesting client.

(Flobal intelligence engine 306 is conligured o generale a
global view of performance across nodes (e.g., client play-
ers, content sources such as CDN’s, ete.). The global view
s generated using information aggregated [rom  various
clients. conlent sources, and other nodes in a content distri-
bution environment. For example, data can be extracted/
inferred from client heartbeats received from mumerous
nodes, Data can also be aggregated/captured for nodes by
polling various clients and resources lor shared event inlor-
malion.

The information can include telemetrv/performance infor-
mation, The global information aggregated from the various
client nodes. comtent sources, cle. can include imlormaiion
related to dillerent bitrates/resolutions ol streaming content,
cle. ln some embodiments, performance and quality melrics
collected on clients are aggregated by the global intellipence
engine.
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Ag described above, the quality metrics include bitrate,
average bilrale sustained during a scssion. lme Lo slart
playing {a video during a scssion). and inlerruplions {c.g..
interruptions due (o bullering, as measured according o a
buffering ratio). Other intormation aggregated by the global
tellipence engine includes local state formation, as
deseribed above in conjuncition with client 200 of IIG. ZA.

Asg deseribed gbove. the performance and quality metrics
and local state information are collected on a per-client,
per-session basis. In some embodiments, the performance
and quality metrics are stored on a per-client basis, where
cach unigue client has a corresponding record (c.g., on
database 308) o which information associated with a par-
ticular client (e.g., quality metrics) is stored.

The global intelligence engine is configured to process
and aggregate the collecied information  across various
dimensions. In some embodiments. (he qualily metrics and
olher data collected from clients are aggregated across
various atiributes and dimensions including client attributes,
such as ISP, geo-information (e.g., city, state, country), eic.
Other dimensions include device attributes, such as device
type. device model. device version, operaling syslem. and
operating svstem version. Another example of a dimension
is a streamer type. Per-session quality metrics can also be
aggregated across dimensions including content attributes,
such as conlent name, content Lype {e.g., live or on-demand).
cle.

In some embodiments, processing the aggregated infor-
mation across mwltiple dimensionalities includes storing

(t.g.. in database 308) the information in a manner in which 3

it can be broken down across multiple dimensions. or
example. sessions/clients can be indexed according (o their
corresponding metadata, allowing the quality metrics for
those sessions/clients to be identified and retrieved. This

allows the quality metrics o be accessed and viewed accord- 3

ing to various dimensions of inlerest. For example. qualily
metrics [or sessioms involving a certain type ol device.
certain ISP in a particular region can be obtained.

In some embodiments, the collected and aggregated infor-
mation is anonymived and stored in a pool ol accessible.
communily global shared data. The global shared dala is a
knowledge base that is built using the data aggregated across
muliple devices and/or sessions. The global shared data can
be used to generate a multidimensional map that is updated
in real-ime as more information is collected [rom various
nodes.

The global intelligence engine is configured to evaluate
aggreaated data. For example, analvtics and statistical pro-
cessing can be used Lo delermine a global snapshol [or all

clicnts being monitored. Metrics and moeasures associaled s

with different slices of clienls and sessions can also be
identified from the global intormation (where the slices are
based on the different sets of artributes associated with
clients and scssions).

As will be deseribed in [urther detail below. the global s

shared data generated by aggrepating the information col-
lected from various nodes is used to determine appropriate’
optimal bitrate ranges for clients requesting to strean con-
Lent.

Database 308 is conligured (o store data. "The data stored
in the database includes multidimensional global intelli-
gence data as well as policy data. The multidimensional data
that is stored 13 a result ol the aggregation and compulation
ol metrics by the global intelligence engine. As described
dbove. the global data is aggregated by the global intelli-
gence engine from numerous clients. In some embodiments,
the data collected from the various clients is aggrepated into

[

1

40

45

.t

Gl

G5

14

a pool of global shared data and stored, such that sessions
and clients wilh particular attributes/characleristics can be
identificd/filtered. and the metrics associaled with those
sesslons and clienls can be made accessible. In some
embodiments, the data stored includes per-client/per-session
records. The mwltdimensional global intelligence data,
policy data. andior per-client/per-session data is evaluated
by the global intelligence engine and the bitrale range
decision engine in order 10 determine an appropriate bitrate
range 10 provide a requesting client.

For example, when a request 1o make a decision for a
particular client/session is received by the content distribu-
lion coordinator. the altributes {e.g.. multidimensional client
information) of the particular requesting client can be vsed
to partitionfilter the global shared data to identify clients/
sesslons similar or otherwise correlaled o the particular
client. lor example, the requesting client can be classilied by
meladata attributes such as ASN. the CDN Trom which it is
receiving data, geographic attributes (e.g., DMZ code, city,

20 or state), device model, device type, ISD, content Type, ete.

A sel ol clients/sessions sharing similar altributes {e.g.,
device model, nelwork. region, and content type) can then be
identified. The aggregate quality/performance for the clients
in the determined partition can be obtained (as such histori-
cal data has been aggrepated and been made available by the
global inlelligence engine, as described above) and used
{c.g.. by bilrale range decision engine 312, described in
turther detail below) to determine a vsable bitrate range for
the requesting client.

The data stored in database 308 [urther includes policies,
which will be described in lurther detail below.

Policy engine 310 is configured 1o maintain and enloree
policies that define network streaming conditions and
parameters. The policies can be manually configured. The
policies can be maintained in a data slore such as database
308. As will be deseribed in lurther detail below. policies are
considered when the CDC determines how clients are o
obtain content and the ranges of bitrates that they should be
provided. For example, the rules specified in policies can be
used o constrain bitrale ranges based on a varicly ol
conditions. such as 18P, device type. device model. operaling
svstem that is running on the device, user characteristics,
content type, network congestion, ete. Examples of policy
types include network policies, publisher policies, client
policics. cle.

A nclwork policy specilies rules such as throughput Timits
ol specific links, aggregate traftic in a given time (e.g., a
month or time of day), ete. For example, hecavse evenings
are known o be peak times during which networks are more
congesled. a policy can speeily thatl bitrates or all sessions
during such peak limes be constrained to a subsel ol Tower
bitrate ranges in order to allow more viewers 10 stream
content without buffering during such times.

Ag another example. a nelwork policy can be used 1o
constrain bitrale ranges based on [aclors such as geography
and/or network ISP For example, an ISP in one geographical
region may have different network characteristics than the
same ISP in another geographical region. Thus policies can
be specilied 1o have dilferent bitrale range rules/parameters
based on the combination of ISP/network.

Policies may be driven based on cost reasons. For
example, publishers may not wish to publish a high bitrate
lo a device il 1t i not benelicial 10 the publisher’s business,
as higher bitrales typically incur higher costs ol delivery.
Thus, lor example. a publisher can speeily a policy that
indicates that for a particular tvpe of device, bitrates should
be limited 1o a capped bitrate. Such policies, which may be
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manvally configured, are one mechanism that can be used to
constrain bitrates. as will be described in Turther detail
helow.

‘The comstraints on bitrale specified by a policy may be
independent of the ability to deliver contenr at certain
bitrates, or of the capability of devices to render content at
certain bitrates. For example, suppose that content has been
encoded at up lo 7 Mbps. Iowever. Tor a particular gaming
device, it has been found (c.g., based on the analysis of
aggregaled client data) that bitrates beyond 4 Mbps do not
Luprove user engagement, even thovgh the gaming device is
able to render content at higher bitrates without issve.

Given such knowledge, a publisher can specify a pub-
lisher business policy that constrains the bitrates at which
content is provided o the gaming device o a maximum ol
4 Mbps. cven though the first device is capable of playing
content at higher bitrates, or a network/ISI® vsed by the
device is able to support delivery of content at higher

bitrates, Thus, using the policy, the publisher can avoid the »

costs ol delivering conlent at higher bandwidths that do not
resull in increased user engagement.

The policies can be configured on-demand. For example,
suppose that a publisher determines that there is an issve
with the encoding of a content item at a particular bitrate.
The publisher can specily a policy {or modily an existing
policy ) on-demand that prevents all devices requesting the
content item from being provided the particular bitrate.
When the issue with the particular bitrate is resolved, the

policy can be modilicd (or removed) o remove the restric- 3

tionn on the particular bitrale.

Through conliguration of policies, ealitics such as pub-
lishers can manually specity constraints on the bitrate ranges
that may be provided to clients based, for example, on the
allributes ol the requesting  clientsession.
deseribed in lurther detail below. the policies can be used in
conjunclion with algorithms {deseribed in further detail
below) used to determine plavable/usable bitrates based on
static characteristics, such as device and networle capabili-
lics. lor example. the policies can be used o impose
limits/constraints on the oulput ol the bitrale range analysis
algorithins.

In some embodiments, multiple policies can be contfig-
ured and effective. As will be desecribed in further detail
below. when perlorming a bitrale range decision, the com-
plete list of policics can be evaluated. lor example, sequen-
tially and in order, to apply the various rules on what bitrate
ranges 1o apply to a given individual client.

‘The policics can be stored In a data store such as dala store

308. The policies can be indexed according 1o various s

dimensions and attribuics. Those attribules, such as those
ineluded in client/session metadata, can be used 1o perform
a lookup of relevant policies. For example, if'a device model
is provided as inpul. all policies associaled with the particu-

lar device model can be accessed andfor retricved. Similarly. s

policies can be indexed and made searchable according to
other dimensions, such as ISE, content tvpe, content name,
geo-location, ete. (or any combination thereof).

As will be deseribed below, policies can also be conlig-
ured using the policy engine lo Lacilitate A testing (c.g., o
determine the impact of different bitrates on measures such
as User engagement).

Bitrate range decision engine 312 is conligured to deler-
mine an oplimal bitrale range. As will be deseribed in Turther
detail below, the decision of an optimaliusable bitrate range
is based on policies (which are manually configured) and/or
an evaluation‘analysis of data such as global shared data.

As will be 3
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Using the techniques described herein, ditferent ranges of
bitrates can be determined/delined and provided for dillerent
devices/sessions/views based on their attribules/characteris-
lics. As will be deseribed in further detail below. the range
to be provided to various clients can be controlled manually,
for example, via policies, learned avtomatically (e.g., using
global shared data aggresated trom a plurality of clients), or
both.

Bitraie range analysis engine (3200 1s conligured 1o deter-
mine oplimal bitrale ranges lor requesting clients. The
optimal bitrate range is determined based on an evalvation/
analysis of the data collected trom wvarious clients and
aggrepated (e.g., by the global intelligence engine) across
mulliple dimensions. In some embodiments, the optimal
bitrale range is the range ol bitrales thal can be reliably
played ([rom a quality andior performance perspeclive) by
the requesting client. The optimal bitrate range can be
defined vsing variovs determined values, such as maximum
bitrate caps, bitrates 1o be excluded, quality scores, etc.
lixamples ol algorithms used 1o determine such values Tor
defining optimal bitrale ranges will be deseribed in Turther
detail below.

In some embodiments, the bitrate range analvsis engine
obtains data aggregated and stored by the global intellipence
cngine. lor example, using the attribules of a requesling
clientsession. the global shared data is partiioned (o deter-
mine the set of clients/sessions similar or otherwise corre-
lated (e.g., having the same set of attributes) to the request-
ing client/session. The quality metrics and other measures
for thal partition ol clients/sessions are then oblained and
used by the analysis engine o facilitale delermining a bitrate
range that is optimal for the client/session with the particular
set of attributes.

As one example. supposc (hal the analysis engine is
confligured 0 evaluale qualily metrics according 10 two
dimensions. I8P and client device type. lior cach unigue
combination of ISP and client device type, the analysis
engine can predict an appropriate bitrate range. For example,
for a particular combination ol a particular ISP and particu-
lar client device Lype, the analysis engine [irst oblains the
quality metrics associated with sessions plaved on a device
of the particular client device tvpe using the particular ISP
The analysis engine then evaluates the obtained set of
quality metrics o delermine various measures particular 1o
that combination of 18P and device type. which are used 1o
determine/predict, or are indicative of an optimal bitrate
range for clients ronning on the particular device tvpe using
the particular ISP Any number ol dimensions can be con-
sidered. Vor example. lour dimensions. I8P, geo-location,
device model. and conlent type, can be comsidered.

Bitrate Control Algorithins

Various algorithims can be utilized to implement bitrate
control. examples ol such algorithms are provided in further
detail below.

Quality Score:

In some embodiments, for a given combination of atti-
butes/dimensions (e.g., ISD, device model}, a measure such
as 4 score thal represents the aggregate quality of sessions
with thal particular combination of aliribules is generated.
The quality score is then vsed in turn to determine an
optimal range of bitrates 1o provide, as will be described in
lurther detail below.

As one example, suppose that quality metries [or all
sessions on (he Comeast ISP in the San rancisco reglon are
aathered. An aggregate quality score for sessions in that
particular combination of ISP and region is computed. The
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quality score indicates an aggregate quality for clients!
sessions across the particular 1SPfregion.

‘The quality score can then be used 1o delermine/predict an
optimal range ol bitrates [or clients/sessions on the Comeast
ISP in the San Francisco region. As one example of a
prediction algorithm that vses the quality score, if the
aggregale score is low, representling a poor quality. then
those sessions om Comeast in San lrancisco are provided at
constrained (i.e., lower) bitrate ranges. If the agaregate score
is high, indicating that quality is very good (e.g., lower
buffering interruptions where higher bitrates are able to be
streamed), then a larger range of bitrales is provided. Thus.
in this example algorithm. higher quality scores lead o
larger ranges, while lower quality scores lead 1o smaller
ranges. {nher decision algorithms based on an analysis of
qualily metrics across mulliple dimensions can be imple-
menled.

In some embodiments, the qualily score is a weighted
combination of different metrics, where the weighting of a

given metric is based on its significance in contributing to 2

the qualily score.

As a numerical example. a compuled score can have a
minimum value of zero, and a maximwm valie of one
hundred (with a spectrum of scores between), where a zero
indicates the lowest quality, and one hundred indicates the
highest quality. In one example algorithm, a qualily score ol
sere will resull in the lowest bitrale being provided 1o a
client, while a quality score of one hundred will result in all
available bitrates being determined as the optimal set of
bilrales that the client can reliably play.

As deseribed above, the aggregale score 1s compuled
across multiple dimensionalities. In the above example. ISP
and geographical region were vsed. Scores can be computed
with respect to other dimensions as well, such as device

Lype. device model. operaling syslem. content Lype (e.g. live 3

or on-demand video). or any other appropriate meladala
assoclated with client sessions.

In some embodiments, the quality score is dvnamically
updated over time, tor example, as information is collected
[rom clients and aggregaled. New qualily scores can also be
generated lor new segments ol clients {e.g., lor new Lypes ol
devices, operating svstems, [SPs, etc.).

Maximum Bitrate Cap

In some embodiments, a maximum bitrate cap is deter-
mined. A maximum bitrale cap can be delermined in a
varicly of manners.

For example, some plaver inplementstions are more
aggressive 10 pushing higher bitrates. This may cause issues
such as increased bullering and problems with quality ol

experience when switching up o bitrates thal are nol sus- 5

lainable. especially [or more volatile networks. such as
mobile networks and public Wiki hotspots, and [SD satura-
tion during events such as large, live sporting events online,
or even al the homes ol some viewers. Described below are

examples of algorithms that ulilize information ol other s

“similar” views (based on a number of attributes of the
views, where a “view,” as used herein, reters to a streaming
session in which content was/is being viewed), as well as
historical data ol a viewer's expericnce and network condi-
tions o identily patlerns that are polentially problematic.
The vse of such algorithims can be vsed 1o prevent plavers
from being given higher bitrates such that the issues
deseribed above can he avoided.

Az will be deseribed in Turther detail below. various
different algorithms can be used. including clustering. clas-
sification, and advanced statistical and machine learning
algorithins 1o identify the best, highest bitrates for a par-
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ticular view at a particular time of play start. The maximum
bitrale 10 be provided Lo the client can then be capped using
the identified best. highest bitrate.

In some embodiments. the algorithms used [irst classily
views based on a number of atiributes. Then, for each group,
the algorithms caleulate the metrics or utility funetions
bascd on the highest bilrale played by the view so lar, or
other per bitrate performance metrics. [ there exists a bitrale
{or bitrale range) in which the metrics and utility [unctions
are significantly worse (e.2., as measured against a thresh-
old) than the metrics/vtility fonctions of lower bitrate
ranges. then those bitrates higher than the bitrale determined
o be problematic can be removed.

In some embodiments, the algorithins group all views that
are current, in real-time. The algorithms can also group past
views, which can be grouped on various different time
scales, such as the last one minule, the last live minuics, the
last hour, o more sophisiicaled sliding Gime scales with
considerations such as time of day, day of the weelk, etc. The
algorithms can also grovp views based on attributes such as
conlent lype {e.g.. live. video-on-demand (Vold) short, Vol
long. ele). geo inlormation {e.g., counlry, slale. cily), net-
work inlormation (c.g. [SP/ASNY, conneclion ype (c.g.,
mobile network, DSL, cable modem, fiber/Coax/enterprise
network, public hotspot, ete.), ete. Plaver information can
also be used to group views, lor example. based on platlorms
fe.g.. 108, Android, Web, Samsung IV, Xbox One, P83,
P54, etc.), operating svstems, versions of the operating
svstelms, plaver versions, plaver frameworks (e.g., AVFoun-
dation for 1085, NexStreaming tor Android, ete.), or any
other appropriale player inlormation.

The lollowing are examples ol two view groups:

(Live, New York Ciry, NY,, USA, T-Mobile ISP 4G
conanection, Samsung 53, NexStreaming Android Frame-
work)

(Vol) Short form, 3oston, Mass., USA, Comeast Cable
Model. PS4, WebMAL lramework )

First Example Algorithm

I'or cach group of views. the highest bitrate played so [ar
is identified. Groups are partitioned based on that highest
bitrate played or range of the highest bitrates plaved (e.g.,
aroup by the highest bitrate plaved so far in the following
bucket ranges: <200 Kbps. 200 Kbps-500 Kbps. 500 Kbps-
1000 Khps, 1000 Kbps-1300 Kbhps, 1500 Kbps-2000 Kbhps,
2000 Kbps-2500 Kbps, 2500 Kbps-3000 Khbps, =3000
Kbps). Pertormance metrics (e.g., quality metrics such as
bullering ratio and average bitrales, engagemenl melrics
such as average play lime. content completion rale. ele.) are
then  caleulated lor a  particular  implementation. lor
example, for each group of views, buifering ratios can be
calculated for each of the buckets/ranges.

Below is an example of bufllering ratios caleulated [or
cach buckelrange lor the view group ol “Live. Now York
City, N.Y,, USA, T-Mobile ISP 4G Counnection, Samsung
85, NexStreaming Android Frameworle:™”

<200 Kbps: 5.5%

|200 Kbps, 500 Kbps): 3.4%

[500 Kbps, 1000 Kbps): 1.8%

[1000 Kbps, 1500 Kbps): 1.2%

[1500 Kbps, 2000 Kbps): 1.2%

[2000 Kbps. 2500 Kbps): 1.0%

|2500 Kbps. 3000 Kbps: 2.1%

=>=3000 Kbps: 2.5%

Asg shown in the above example, the first two bitrate
ranges for this particular view would have high buffering,
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becavse the similar views plaving on those bitrates are views
with bad conncctions. [lowever. from the analysis, il is
determined that the middle set of ranges 15 associated with
a drop in bullering (3.4%—=1 8% —=1.2%, —1.0%). I alier
that drop, there iz a bitrate that causes an up tick again in
buffering ratio by a non-trivial amount (e.g., a percentage
threshold increase such as 30%), the bitrate is indicated as
heing oo high (and should not be provided). In this example.
the bitrate ol »=2500K results in 2 bullering ratio more than
double that of the buffering ratio of the previous bucket
(2.1% vs. 1.0%). Based on this analysis, a decision can be
made o avold bitrales>=2500 Kbps lor this group ol views.

Second Example Algorithm

In some embodiments, detailed performance information
lor each bilrate is collected and aggregated. lor example. for
cach bitrate played. the Gme spent playing conlent al a given
bitrate, or the time spent buttering while plaving content at

the given bitrate can be collected and aggregated. When 2

such detailed performance inlormation for cach bitrale 1s
available. another algorithm can be used lo delermine a
bilrale cap. lor example. il a bulfering time and playing time
for each bitrate is available, the buffering ratio for each
bitrate can be calculated (e.g., buffering time/time spent
playing). The following are example caleulated bufllering
ralios:

64 Kbps: 8.3%

250 Kbps: 5.1%

450 Kbps: 2.8%

200 Kbps: 1.9%,

1400 Kbhps: 1.3%

2200 Kbps: 0.9%

3400 Kbps: 1.5%

As shown in the above calculated data, similar 1o the

example scenario shown in algorithm 1, higher bitrates are
associaled with lower bulfering (because there is room Lo
switch down to lower bitrates when there are problems). In
this particular example, the buffering experienced at 3400
Kbps exceeds the bulfering expericnced at 2200 Kbps by a
large margin (1.5% vs. 0.9%). Thus, in this example sce-
nario. use ol the 3400 Kbps bitrate should be avoided. This
is done by setting the bitrate cap at 2200 Kbhps.

Third lixample Algorithm
Another approach 1o determine a maximum bitrate cap is

based on machine learning algorithims. For example, sup-
pose that there are seven lolal available bitrales. as in the

example scenario of the sceond algorithm above (64 Kbps. s

250 Kbpsg, 450 Kbps. 800 Kbps, 1400 Kbps, 2200 Kbps, and
3400 Kbps). The algorithm considers caps at two different
bitrates, 2200 Klps (hence removing the 3400 Kbps bitrate),
and 1400 Kbps (henee removing the two highest bitrates.

3400 Kbps and 2200 Kbps), as well as considering not s

having a cap. Thus, there are three choices for the machine
learning algorithm to consider (2200 Kbps, 1400 Kbps,
no-cap). The machine learning algorithm then uses a small
subscl of the views (cg. 2% ol tolal rallic) o sced a
unilorm random distribution o the three subgroups:

No-cap

Cap at 2200 Kbps (remove 3400 Kbps)

Cap at 1400 Kbps (remove 2200 Kbps and above)

Over time. metrics and utility lunctions can be caleulated
lor cach subgroup. In this example, suppose thal average
play time is used as a vtility fonction. Suppose that, after
time has elapsed, and data (time spent plaving) for a
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suficient number of sessions (e.g., several lundred sessions)
in cach subgroup has been collected. the [ollowing average
play times are caleulated lor cach subgroup:

No-cap: 20 minules

Cap at 2200 Kbps: 25 minutes

Cap at 1400 Kbps: 22 minutes

Based on the calculated average play times for each
subgroup, the algorithm delermines that the cap ol 2200
Kbps should be sclected. as it 1s assoclated with the highest
average play lime. In some cmbodiments. the perlormance
of'each subgroup continves to be monitored. For example, a
small percentage of views (e.g., 2%) can be randomly
assigned to the three subgroups. Adjustments 1o the assign-
ment over Lime can be made based on the utility [unctions
defined here. lior example. il later on, because of nelwork
changes. the subgroup capped at 1400 Kbps is delermined 1o
petrform the best, the cap for the overall group of views can
be capped to 1400 Kbps during that time.

In some embodiments, the algorithms described above
can be modified (o perform dynamic classilication/scgmoen-
tation ol views based on a number of altributes of the views.
lior example, in addition o or inslead ol the static classili-
cation of views as described in the algorithim examples
above, dvonamic classification can also be vsed. For example,
by keeping track of large numbers of meladata aliributes, the
allribules can be used (o fincly classily views inlo [fine
groupsislices. As [mer classilication may lead 10 smaller
aroups, which might in turn result in less robust metrics or
vtility fonetion valves, in some embodiments, fine groups
can be merped into coarser groups. Atter the groups are
defined. algorithms such as the (hree examples deseribed
above can be applied again lor subgroups and sclection ol'a
bitrale cap.

Removing Mid Bitrates

In some embodiments, rather than, or in addition to,
determining a maximum bitrate cap, mid bitrates to be
removed are determined. or example. when dealing with a
large diversily of platforms, devices, video player [rame-
works, cle., as well as a large diversity of video encoding
and publishing work flows from many ditterent video pub-
lishers, there may be times at which some bitrates in the
middle of an available set of bitrates cavse some perfor-
mance and qualily of expericnce {(Qol?) issucs for some
subgroup ol views. lor example, a video publisher’s 108
plaver may have issues with a bitrate that had an incorrect
encoding profile in the manitest file, cavsing issues with that
bitrate. By removing that bitrale, the perlormance and user
experience Tor the player s improved. Purther, using the
lechnigques deseribed herein, the player does nol need 1o
re-learn such an issue for each view,

The tollowing is an example algorithm for determining
mid bitrales o remove. Stlatic clagsilication/segmentation of
views based on a number of altributes of the views is
performed, the attributes including plaver platform/operat-
ing systemtramework, network attributes (e.g., of ISP/
CDN), video object (e.g., asset ID), etc. For each group,
detailed information is collected lor cach bitrale, including
crrors thal ocewrred al (hat bilrale, perlormance metrics of
the bitrates (e.g., butlering ratio specific to this bitrate), other
issues with a given bitrate (e.g., the plaver bufer grows, on
average. negalively instead ol growing positively or staying
steady). the requency ol switching events 10 and [rom the
bitrate. elc.

Asg one example scenario, consider the tollowing illustra-
tive example view group:
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(Live, New York City, N.Y.,, USA, T-Mohile ISP 4G
connection, Level 3, Bamsung 85, NexStreaming Android
I'ramework. (GGame ol Thrones Session 5. Npisode 1 (video))

Suppose that a threshold ol error count/viewing minules
is set at >0.5/minute, and the following, are determined tor
a set of bitrates:

64 Kbps: 0. 1/viewing minule

250 Kbps: 0.05/viewing minule

450 Kbps: 0.3/viewing mimte

800 Kbps: l/viewing mimte

1400 Klps: 0.01/viewing mimite

2200 Kbps: (.1 viewing minule

3400 Kbps: 0.06/viewing minule

Given the above error countviewing minute tor the
bitrates, caleulated from the aggregate collected data, the
algorithm determines that the 800 Kbps should be removed.
hecause the average error exceeds the threshold.

In some embodiments. similar o the dynamic classilica-
tion'sepmentation of views described above for determining

maximum bitrate caps, dvnamic classification of views can 2

also be perlormed o remove any middle bitraies.

As will be described in further detail below, (he resulis of
the algorithms utilized by the bitrate range analvsis can be
returned and provided (e.g., to bitrate range selection engine
322) as outpur and used when determining/defining an
appropriaie bilrale range o provide 1o a requesting client/
session.

In some embodiments, the results returned by the analysis
engine are stored. For example, multidimensional tables are

generated based on the evaluation of the aggregaled infor- 3

mation across different dimensions. An example ol a mul-
lidimensional lable is provided below in conjunction with
FIGS. 4A-4B. The results of the evalvation are then stored
in the table, and provided, for example, as lookup values.

I'or example, a table can be construcled where cach row ol 3

the table represents a specilic combination ol attributes/
dimensions and a corresponding value. For example, con-
sider a scenario in which sessions/clients are sliced accord-
g to tour dimensions: ISP location, device model, and
content type. Nach row can represent a speceilic sel of values
lor those [our dimensions (representing views with a par-
ticular set of attributes). Each of those rows in turn can be
associated with a value based on the prediction algorithms
described above. For example, each row can have a corre-
sponding quality score, bullering ralio, maximuwm bitrale
cap, bitrales 10 be removed, cle. In some embodiments, the
table includes the optimal bitrate range determinedpre-
dicted for each slice of dimensions.

In some embodiments, the table is dynamically updated

over lime. as new information is collected and aggregated s

[rom clients over time (e, by the global inlelligence
system). As new typesislices of sessions and clients are
ohserved (e.n., new types of devices, operating systems,
[8Ps. cle). new eniries are added (o the table, with corre-

sponding new quality scores, predicled maximum bitrale s

caps, and bitrates-to-be-avoided generated as well. Other
data structures besides tables can also be used.

As will be described in further detail below, when a client
requests data, a lookup of the tables can be used (o deline an
optimal bitrale range. or example, the altributesicharactler-
istics of the requesting client/session are used as kevs to
identify an appropriate row i the tables. The corresponding
quality score or determined upper-bound bitrate {or sel ol
bilrales) is then used o determine the oplimal (based on
aggregale, global shared data) bitrale range [or the request-
g client/session. For example, the quality score is trans-
lated into a bitrate range, where higher quality scores result
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in larger ranges, while lower quality scores result in simaller
ranges of bitrates. The upper-bound bitrales are used o sel
the maximum value of the bitrale range, where bitrates al or
below the threshold upper-bound can be provided o request-
ing clients. If a bitrate to remove is returned, then the bitrate
is prevented from being provided to the client.

In some embodiments. the analysis engine is conligured
lo perform analysis of global shared data on demand. lor
example, 0 response to a request by a ¢lient for content. For
example, rather than storing a table and performing a
lookup, the bitrate range analysis performs the prediction
analysis such as thal described above, on-demand. As one
cxample, using the attribules/characteristics ol the request-
ing client/session, the global shared data is partitioned 1o
identify those clients/sessions similar to the requesting cli-
entisession. The metrics associated with the identified par-
tition of clientsfsessions are then evaluated according 1o
algorithms such as those described above. The resulls of
those algorithms are then used 1o determine an optimal
bitrate range for the requesting client.

Bitrale range sclection engine 322 is conligured to [acili-
late dynamic selection of an appropriate, usable bitrale range
for a requesting client. The hitrate range selection engine
comprises a bitrate control mechanism vsed to control the
bitrate range which requesting clients use to obtain content.
As will be deseribed in further detail below, the usable sel
ol bitrates for a requesting client is based on an analysis of
global shared data (as described above) and/or the rules
specitied in relevant policies.

When determining the usable set of bitrates Tor a client,
the selection engine is conligured (o oblain {¢.g.. [rom inpul
cngine 304} metadata associated with a clientsession,
including the attributes and characteristics of the client/
session. For example, the selection engine is configured 1o
obtlain metadala such as the device model. 18P, geo-location,
conlenl lype, operaling system, cle. associaled with the
requesiing client. In some embodiments. the sclection
engine obtains the metadata information associated with a
requesting client/session that has been extracted by the input
cngine lrom heartbeal messages provided by the requesting
client. The obtained metadata is then provided (o both the
bitrate range analvsis engine and the policy engine. The
results returned by the bitrate range analvsis engine and the
policy engine are then used together to determine/define an
optimal bitrale range. as will be deseribed in lurther detail
below.

The metadata is vsed by the bitrate range analysis engine
to determine, as described above, an optimal bitrate range
for the requesting clienl based on an evaluation of global
shared data collected rom clients similar or otherwise
correlaled 1o the requesting elient. As deseribed above, the
metadata can be vsed as a loolap of a table in order 1o obtain
values usable to determine an appropriate bitrate range for
the requesting clicnt. In other embodiments. the bitrale range
is determined on-demand. As described, various types ol
results can be obtained from the bitrate range analysis
engine, such as threshold bitrates (e.g., vpper-bound/maxi-
mum bitrates), bitrates 1o be excluded, quality scores, etc. As
will be deseribed n further detail below, the outputs returned
by the analysis engine are used (In parl) (o delermine a
usable set of bitrates. As will be described in further detail
below, the usable set of bitrates can be determined from a
full set ol bitrates (e, extracted from a manilest fle or
provided by a client).

The metadata sent o the policy engine 1s used lo deler-
mine a set of appropriate policies relevant to the requesting
client'session. For example, policies corresponding to the
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various atiributes included in the metadata are located and
retricved. As one example, il the metadata under consider-
alion includes device model and I8P metadata information.
then policies corresponding o that particular deviee model
and ISP (either individually or in combination) are obtained.
For example, if the device is an iPhone 6, then the policy (or
policies) with rules specific 1o the iPhone 6 can be obtained.
Similarly. il the device is using the Verizon cellular network.
the policy (or policies relevant o the Verizon cellular
nelwork) can be oblained.

The results of the global shared data evalvation and the
rules specified in the obtained policies identified as relevant
10 a requesting client are nsed together, in combination, to
scleet/deline a usable bitrate range o provide Lo the request-
ing client.

‘The optimal bilrale range can be delined in a variely ol
manners.

Asg one example, the selected hitrate range is determined
as a usable list of bitrates for the requesting client. In some
embodiments, the usable list ol bitrates 15 delermined/!
refined/derived rom a [ull list of bitrates. "The ull list of
bitrates can be obtained in a variety ofways and ineludes the
full superset of all of the bitrates at which a content item is
encoded. For example, as shown in the example of FIG, 1A,
in some embodiments. the [l 1ist ol bitrales is extracted
[rom an original manilest fle obtained by the backend (c.g..
via input engine 304). As another example, as shown in the
example of FIG. 1B, in some embodiments, a full list of
bilrales 1s provided by a client Lo the backend C13C (where.
lor example. the client 1s conligured o locally extract the
[ull 1ist of bilrales from an oblained manilest [ile).

The results of the global shared data evaluation and/or the
obtained policies can then be applied to the full list of
bilrales o arrive al the usable list of bitrales.

Asg one example. the full st of bitrates can (irst be refined
according Lo the results ol the evaluation of global shared
data. The resulting subset of bitrates can then be further
refined vsing the obtained relevant policies to arrive at the
(inal usable list of bitrales 1o provide 1o a client. The resulls
ol the global shared data evaluation and the rules spoeciiied
in the relevant policies can be applied in any appropriate
order.

If a quality score is returned based on the evaluation of the
global shared data evaluation, then a subset ol bitrates in the
[ull list that maich o the qualily score can be delermined.
For example, the higher the quality score, the larper the
range of bitrates that is acceptable in the full list of bitrates.
Ag one example, suppose that qualily scores range lrom zero

1 one hundred, with vero indicaling the lowest possible s

quality, and one hundred indicating (he highest possible
quality. One way that the score can be nsed is to treat the
quality score as a proportion‘percentage of the full list. For
example. suppose thal a score of [illy is delermined lor a

clientfsession. "The quality score of [illy, on the scale ol one 5

hundred, can be used to determine that the lower fitty
percent of the tull set of bitrates is vsable for the client
Similarly, if the client recerves a score of twenty-five, then
the lowest one-lourth of the [ull sel ol bitrates is the usable
subscl ol bitrales [or the client (based om the analysis ol
global data). Any appropriate translation/mapping of quality
score to bitrate range can be used.

I[I'an upper-bound threshold bitraie is determinedsreturned
based on the global shared data evaluation, then those
bilrales in the [ull list ol bitrales that [all at or below the
upper-bound threshold bitrate are kept in the usable list of
bitrates, while those not in the range are removed.
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It'a set of bitrates to be avoided is determined based on the
global shared dala evaluation. than those bitrates in the (ull
list ol bitrates that malch to the one or more bitrates to be
avoided are removed. As the bilrales (0 be removed may be
in the middle of a bitrate range, the resvlting subset of
bitrates may be disjoint.

In some embodiments. the bitrates determined (o be
avoided as well as the upper-bound/maximum are both
returned by the global shared data evalvation process and
vsed together in combination to refine a full list of bitrates
to determine a usable list (e.g., by removing the bitrates that
exceed (or are al) the maximum cap and those bitrates that
should be excluded based on the global shared data evalu-
ation).

The subset of bitrates determined based on the application
ol the resulls of the global shared data evaluation can then
be lurther refined by applying oblained policies. lior
cxample, il an oblained policy indicales a constraintrule
such as a bitrate cap, the cap can be applied accordingly 10

2 the subset 1o further limit the bitrate range and arrive at the

[inal usable set of bitrates.

Ag one example. suppose thal based on an evaluation of
global shared data, it is determined that for a requesting
client with a particular set of atiributes, the maximum
upper-bound bitrate that should be provided to the request-
ing clicnt is 7 Mbps. However, a policy lor the ISP that the
device is on indicates thal because the request is being made
during a time period of peak traflic, all bitrates should be
capped at 3 maximum of 3 Mbps. By applyving the cap
imposed by the oblained policy o the upper-bound threshaold
provided by the analysis of the global shared data, the
upper-hound of the usable bitrale range o provide o the
client iz 5 Mbps.

Multiple policies may be determined 1o be applicable 1o a
given clienlsession. Por example. suppose that both a
device model policy and a network policy are retricved lor
a parlicular client session. The list of bitrales can be evalu-
ated sequentially, in order 10 arrive at a final set of policy-
imposed bitrate constraints, which can in turn be applied to
the results ol the evaluation ol global shared data.

The determined usable range of bitrates need not be
contiguons, and can be disjoint. For example, given a full list
{as specified in 1 manifest file) of available bitrates, multiple
disjoint subsets of bitrates that are appropriate for a given
clientsession can be delermined as appropriate [or the
requesiing client/session.

For exammple, it may be determined based on an analysis
of aggrepated data that while clients with a particular device
are able o stream bitrales of up 0 10 Mbps withoul issuc,
# large number ol clients with the particular device have
dilliculty playing content encoded at 2.3 Mbps (c.g.. due 1o
software implementation issves, rather than hardware capa-
bilities of the device). Thus, the 2.5 Mbps can be excluded
from being provided 10 the client. As another example, il
may be delermined through global shared data analysis that
a significant portion of devices, regardless of tvpe, have
difficulty playing the same content item at a particular bitrate
{e.g., because the publisher’s encoding of the content item at
that particular bitrate is corrupled). Thus. that particular
bitrate for the conlent ilem can be prevented Trom being
provided 1o clients so that the clients will not be able 10
attempt 1o play the content item at that particular bitrate,

As deseribed above. the application of both the global
shared data evaluation resulls and the oblained policies is
used o delermine a usable bitrale list. When determining a
usable list of bitrates from a full list of bitrates, the results
of the global shared data evalvation and the oltained poli-
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cles can be applied in any order, or at the same time. For
example. the global shared data evaluation and the oblained
policics can be applied (o cach other [irst. with that resull in
turn applicd (o a full list of bitrales. As another example, the
policies can be applied first to the full list of bitrates, with
the resulting subset then turther refined by the results of the
global shared data evaluation. As anolher example, the
global shared data evaluation results and the oblained poli-
cles can be applied concurrently 1o a tull list of bitrates to
obtain the usable list of bitrates.

As will be described in further detail below, the usable list
of bitrales determined [rom the [ull 1ist of bitrates can then
bhe provided (o output engine 314 and used o delermine
mstruetions to be provided 1o the clienr.

In some embodiments, rather than returning a vsable list
ol bitrates, the bitrale range selection engine is conligured o
return other types of values thal can be used o determine
instructions o be provided to the clients.

For example, as described above, an upper-bound of the

range of bitrates that a client can play can be predicted (in 2

some cases. irrespeclive ol knowledge ol the actual [ull set
ol bitrates that are available). I a prediction algorithm as
described above determines an upper-bound pertormance’
quality threshold, the rules/constraints specified in obtained
policies can be applied to the predicted performance thresh-
old 1o determine whether the threshold should be lurther
constrained. e resulting threshold based on the combina-
tion of global shared data analysis and relevant policies is
then the final bitrate cap for the vsable bitrate range for the

clientfsession (1e. all bitrales at or below the threshold are 3

made available o the client). As will be deseribed in Turther
detail below, the single threshold value is then provided (o
the client. The threshold bitrate is used to control the set of
bitrates potentially played by the client 1o those bitrates at or
helow the delermined threshold.

As another example. a sel ol bitrates o be excluded is
returned by the bitraie range selection engine. For example.
the evalvation of the global shared data and/or the obtained
relevant policies can specity bitrates to be removed.

In some embodiments, a combination ol valucs usable lo
define the usable bitrate range [or the requesting client 1s
returned by the bitrate range selection engine. For example,
a maximum bitrate cap as well as a set of bitrates 10 be
excluded can be returned. As one example, suppose that the
upper-bound  threshold determined by the evaluation ol
global shared data is 5 Mbps. The cvaluation ol global
shared data also indicates that there are issues with the 2
Mbps bitrate and thus, 1t should be excluded. Further, an
obtained policy specilies that the 3 Mbps bitrale should not

be played. duc o encoding issues noticed by the publisher. s

The three bitrate values can be used to deline the acceptable
bitrate range tor the client, where the client is 10 be limited
1o playing only those bitrates that are 3 Mbps or lower, and
in addition. is prevented from playing content at the 3 Mbps

and 2 Mbps bitrates. As will be deseribed in [urther detail s

below, the combination of valves (e.g., maximum bitrate cap
and bitrates to be excluded) can be returned directly to
clients such as those with local reduction mechanisms.

As will be deseribed in [urther detail below, the various
values used Lo deline bitrale ranges, such as the usable list
of Dbitrates, bitrate threshold/cap valves, bitrates 10 be
excluded, combinations of bitrate caps/exclusions, etc. are
used 1o delermine a sel ol instructions usable o control the
bilrale range which requesting clients use o oblain conlent.

Ouiput engine 314 is conligured o gencrale a set ol
struetions 10 provide to the requesting client. The tvpe of
struetions that are generated as well as the manner in

[

1

[
[y

1

40

45

.t

Gl

G5

26

which the global shared data evaluation results and obtained
policies are ulilived 1o determine a sel ol instructions are
dependent on a variely ol factors. For example, the set of
instructions that is generated can depend on whether or nol
the client is configured with local logic 10 reduce manitest
files. The set of instructions that is generated can also
depend. Tor example, on the type of resull values obtlained
from the bitrate range sclection engine (e.g., usable list,
bitrate cap value, set of bitrates 1o be excluded, combination
of bitrate caps/exclusions, etc.).

For example, if the client does have local logic, a variety
ol dilferent types ol instructions can be provided. lior
cxample, as shown in the example environment ol UIG. 113,
in some embodiments, a tull list of bitrates is provided by a
client to the backend CDC. A usable list of bitrates can be
generaled [rom the provided Tull 1ist, using the resulis ol the
cvaluation ol the global shared data and the relevant policies
as deseribed above. The usable list is provided directly o the
client, for example, in an array or any other appropriate data
structure, where the client performs local reduection of a
manilest file such thal the reduced manilest MMle includes
only those bitrates specificd in the usable list provided by the
CDcC.

Other types of values can also be provided as instructions
to the client it'it is configured with local reduction logic. For
cxample, the maximum bitrale caps and/or bitrale(s) o be
excluded can be transmilled (o a remote client as instruc-
tions. The local reduction mechanism resident on the client
is then configured to locally reduce a full set of bitrates in a
manilest [ile accordingly. lor example. the client 1s conlig-
ured 1o exclude those bitrates that exceed the determined
threshold (e include only those bitrales that are al or
below the cap value), as well as remove any bitrates that the
CDC has determined should not be played by the client.

Il the client is not conligured with a local manilest
reduction moechanism {(e.g., as deseribed in the example
cnviromment of FIG. 10A). then the oulpul engine is con-
figured 1o reduce an original manitest (or generate a new
manifest file). The modified {(or new) manifest file is then
provided 10 the client.

In some embodiments. the usable list determined by the
bitrate range selection engine is vsed 1o perform manitest
reduction. For example, as the usable list was derived from
the full list included in the manifest file obtained by the
1, the obtained manilest file is modilied such that the
bitrates in the full Tist that are not in the determined usable
list are removed. The output engine is configured to handle
manifest files for various tvpes of protocols, which may have
dillering syntax and [ormal. "The outpul engine is conligured
Lo provide a manilest [ile that is in the appropriate lormal [or
the requesting client device (e.g.. based on meladata [rom
the client, such as video protocol to be used).

It instead of a vsable list, 8 maximum bitrate cap and/or
a sel of bitrales (o be excluded are retumed by the bitrale
range selection engine o the outpul engine. then the mani-
fest file is rewritten such that the superset of bitrates indi-
cated in the manifest file is filtered/refined according 1o
those bitrate cap/excluded values.

As deseribed above. (he range ol bitrales Lo be provided
Lo a client can be controlled manually. [or example, via the
configuration of policies and/or automatically learned over
time, tor example, based on an evaluation of aggrepate,
global sharcd data.

Reporting engine 316 is conligured 10 lacilitate reporting.
Various lypes ol reporting are provided. lor example, the
reporting can include summary reports regarding, the bitrate
range decisions made for various clients/attributes. The
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summary reports can be viewable across different dimen-
slons. lor cxample, o view decisions made for different
slices of clients and sessions. In some embodiments. visu-
alizations (which can be interactive) ol the decisions can be
generated. An example of a visual representation of bitrate
range decisions is shown in conjunection with FIG. 11. In
some embodiments, the summary reporls are generated
using inlormation generated by the global intelligence
engine and/or the bitrate range analvsis engine.

In some embodiments, the reporting engine is contigured
10 provide reports associated with experiments and tests
(c.g. AN wsting) perlformed (e.g. using lesling engine
318). liurther details regarding A3 lesting and the type of
information that can be reported are described in further
detail below,

In some embodiments, the reporting engine is conligured
1o provide recommendations and inferences based on the
bilrale range decisions. For example, based on stalistical
analvses (e.g., performed by the hitrate range analvsis
engine) of quality metrics with respect 1o plaved bitrates,
recommendations as o whether o atlempt o introduce
higher bitrales can be made. As another example, inlerences
can be made as to whether a network is capable of handling
certain bitrates. As another example, inferences can be made
that there are issues with certain bitrates (e.g., based on an
vbservation that clients/sessions playing the cerlain bitrales
have poor quality). lurther examples ol recommendations
and inferences will be provided in further detail below,

The recommendations/inferences can also be made based

on an analysis ol the resulls ol experimentationflesting. or 2

example. il a publisher performed A/ westing lo delermine
whether a new higher bitrate should be added, the reporting
engine can perform statistical analvsis of the higher bitrate
10 determine its impact o vser engagement. It for example,
the higher bitrate resulled in a signilicant, measurable
increase in user engagemenl (e.g.. that exceeds a threshold).
the reporting engine can recommend that the bitrales at
which content is encoded be increased.

In some embodiments, the reporting engine is contigured
o provide alerts/motifications. lior example. il 1 1s inferred
[rom data analyses thal a broad swath ol clients are having
issues with playing content encoded at a particular bitrate,
the publisher can be notified with an alert indicating that
there may be an issuve with the particular bitrate. Similarly,
il the issue with playback of the particular bitrale is deler-
mined (o be limiled o a particular (ype ol device, the
manufacturer of the device can be notified of the issue (e.g.,
that there may be a firmware issve that prevents the device
type from reliably playing the particular bitrale).

Testing engine 318 is conligured lo lacilitale experimen- =

Latiomn. As will be deseribed in lurther detail below. using the
bitrate control techniques described herein, testing such as
AB testing to determine the impact of bitrates on wetrics
such as user engagement can be perlformed. In some embodi-

ments. the lesling engine communicates with the policy s

engine, where policies can be configured that define the
parameters of the experiments 1o be pertormed.

Content distribution coordinator 300 is illustrated as a
single logical deviee in UIG. 3. In some embodiments.
content distribution coordinator 3000 comprises  slandard
commercially available server hardware (e.g., a multi-core
processor, 4+Cigabytes of RAM, and one or more Gigabit
nelwork interlace adapiers) and runs typical server-class
operating systems (e.g.. Linux), as well as Java I TTTP server
soltware stack. Content distribution coordinator 300 can
also be implemented vsing a scalable, elastic architecture
and may comprise several distributed components, including
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components provided by one or more third parties. Further,
when conlent distribution coordinator 300 is relerred 10
herein as performing a lask, such as storing dala or process-
ing data, it is o be understood that a sub-component or
multiple sub-components of content distribution coordinator
300 (whether individually or in cooperation with third party
componenis) may cooperate o perform that task.

1. 4 A is an example of 2 multidimensional table. In this
example, table 400 is a four-dimensional table, where the
four dimensions include Internet Service Provider (ISP},
location, device model, and content tvpe. As shown, each
row of the table corresponds o a dilferent combination of
values lor those lour dimensions. AL 402, qualily scores
{e.g., determined by bitrate range analysis engine 320 of
FIG. 3) for each row are shown.

I"1(. 413 is an example of 2 multidimensional table. In this
cxample, lable 450 is a [our-dimensional table, as shown in
the example of UIG. 4AL In this example, at 452, a column
of values corresponding 1o the highest sustainable bitrate
{e.g., without buffering ratio exceeding a threshold level)
determined lor cach row is shown. Al 454, a colunm of
values corresponding Lo one or more bitrales 10 remove (e.g.,
based on whether a threshold number of errors is exceeded)
is shown. In some embodiments, the birrate cap and mid
bitrates to remove are determined by bitrate range analysis
cngine 320 ol I 3.

1G5, 5 15 a (low diagram illustraling an embodiment of a
process for selecting a bitrate range. In some embodiments,
process 500 is executed by content distribution coordinator
300 ol I'IG. 3. 'The process begins al 302 when a conlent
request 15 received. In some embodiments, metadata asso-
cialed with the client is also reccived. The metadata inlor-
mation includes an indication of a client device tvpe and a
network associated with the client. Other examples of meta-
data include geo-localion. conlent (ype. operaling system,
cle.

AL 304 an oplimal bitrale range is determined lor the
client. In some embodiments, the bitrate range is dynami-
cally determined, on-demand, in response to the client’s
request. The bitrale range can be determined on a per-session
basis, lor example. al the beginning of a video sireaming
session.

The optimal bitrate range is determined based at least in
part on the received client metadata. The optimal bitrate
range can also be delermined based on an evaluation of
qualily metrics (¢.g.. real-lime quality metrics). The quality
metrics can be associated with the client and/or associated
with similar clients (e.g., obtained from global shared data).
The oplimal bitrale range can also be delermined based on
a sl of one or more policies.

In some embodiments, global shared data includes data
aggrepated from multiple clients. The data can include
real-time performance data as well as quality metrics asso-
cialed with client sessions. In some embodiments, the evalu-
ation ol global shared data is performed across dillerent
slices of client metadata attributes.

For example, an evaluation of clients and sessions can be
made based on the attributes of device type and nerwork
{eg.. ISP). Different bitrale ranges can be provided lor
dillerent combinations of device type and network. lior
example, bitrate ranges can be separately determined for
iPhone 6s on the Verizon network and iPhone 6°s on the
A& network, Thus, dillerent bitrales/subsel of biirale
ranges may be determined as optimal for dillerent clients.

In some embodiments, performing the evalualion ol
global shared data includes obtaining the quality metrics
associated with clients/sessions similar to or otherwise cor-
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related with the requesting client/session. The correlated
clicnis/sessions are those clienis/sessions with the same set
ol attribules (¢.g.. device model and 18P) as the requesting
clientfsession. The qualily metries associated with the par-
tition of similar clients are then evaluated to facilitate
determination of a bitrate range.

As one example. a quality score is determined for the
group of clients/scssions with the particular sel of altributes/
dimensions of interest. In some embodiments, the quality
score indicates a measure of the quality of the client/session
based on its attributes. The determined quality score can
then be mapped 10 a range ol bitrales. As one example.
higher scores map o larger ranges of bitrales, while lower
scores map to smaller ranges of bitrates.

In some embodiments, rather than or in addition to
generating a qualily score lor the group of similar/correlated
clients, the global shared data is evaluated 1o predict a bitrale
range based on observed clientsession perlormance/quality.
Ag described above, various types of values vsed 1o define
the bitrate range can be determined uvsing a varety of
algorithms. l'or example, a maximum bitrate cap andfor a set
ol bitrales 10 be excluded is determined. As deseribed above.
intormation of similar views (e.g., other sessions that share’
have matching attributes with the requesting client/session),
as well as historical data of a viewer’s experience and
nelwork conditions can be used o identily patlemns that are
potentially problematic.

For example, the algorithms (e.g., as vtilized by bitrate
range analysis engine 320 of FIG. 3) classify requesting

clicnis/sessionsiviews based on a number ol attribules. such 3

as the received client metadata information desceribed above
(t.g.. deviee model, ISP, geo-location, conlent type. ele.).
Dyvnamic classification, as described above, can also be
performed. The algorithms then calculate metrics or unility

[unctions based on data such as the highest bitrales played 3

by similar views so lar, as well as other perlormance metrics.
such as the quality meirics {e.g., bullering ralio, average
bitrates, etc.) as well as enpagement metrics (e.g., average
play time, completion rate, etc.). The metrics and unility
[unctions are then used Lo delermine maximum bitrate caps
and/or bitrales {including middle bitrales) o be excluded!
removed. Thus, the plavers are prevented from being given
higher bitrates and/or middle bitrates that are problematic/
causing issues (e.g., in quality or performance).

The evaluations of the global data can be updated over
time. Vor example. the evaluations can be perlormed as a
batch process, periodically, dvnamically, on-demand, etc.
For example, the evaluations can be updated as new data is
collecied rom clienis, new device models and ISPs arc
encountered. ele.

In some cmbodiments. the results of the evaluation ol the
global data are stored. For example, the results are stored to
multidimensional tables, where the tables store, for a set of
dimensions/atiribules, quality scores. predicted bitrates, cle.

lor cach combinaiion ol allribute/dimension values. For s

example, each combination of device model and ISP (e.g.,
(iPhone 6, Verizon), (Samsung Galaxy S6, Verizon), (iPhone
6, AT&T), etc.) can be associated with a corresponding
determined quality score andéor predicled bitrale.

When a request [or a manilest flle or bitrale range is
received, the values stored in the multidimensional tables
are retrieved. For example, a lookup of the multidimensional
Lables using the altributes and characteristics ol the request-
ing client/session as keys (o the multidimensional tables is
perlormed. The corresponding valucs, such as qualily scores
and predicted upper-bound thresholds are then returned and
used to determine an optimal bitrate range. In some embodi-
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ments, rather than retrieving the values from tables, the
valucs are determined on-demand in response o a client?
session request.

In some embodiments, policies include specilications ol
rules governing what bitrates are appropriate 10 provide 10 a
requesting client. The policies can be applicable based on a
variely of laclors. such as device model and network. Lor
cxample, a policy can be specified that includes constraints
ol the bitrates to be plaved on a particular device. As one
example, a publisher can configure a policy that specifies
that all clients vsing a particular tvpe of gaming device are
o be limiled (o playing a maximum bitrale ol 5 Mbps. As
another example. an ISP can specily a policy delining
constraints on what bitrates are 1o be plaved at different
times of day. For example, during peak hours, the policy
may limil bitrates lor all clients. regardless ol type, o 3
Mbps. During oll-peak hours. the limils are removed. "The
limits may be specilied lor a variely ol reasons, such as on
a cost-driven basis (e.g., as delivering higher bitrates typi-

20 cally incurs higher costs) and network considerations (e.g.,

congeslion), and may be specified irrespective ol the capa-
bilitics ol a device

When determining an optimal bitrate range, policies rel-
evant to a client’session are obtained. For example, the
atiributes of the client/session, such as its corresponding
device model and 18P are used 1o obtain appropriale policics.
Multiple policies may be oblained.

In some embodiments, the final optimal bitrate range 1o
provide to a requesting client is selected based on a com-
bination of the global shared data evaluation {c.g.. ol real-
lime quality measures) as well as the rules specilied in the
policies. For example. the resulls ol the prediction algo-
rithms and the rules specified in the policies are applied
together 1o determine the oprimal bitrate range (or determine
valucs 10 define the optimal bitrale range). I muliiple
policies are oblained. the policics are applied o cach other
sequentially {(and in order, i such priority is defined).

Various types of bitrate ranges can be determined/defined.
One example is a value defining upper-bound of the bitrate
range (1.c.. maximum bitrale cap) (thal can be reliably played
by the requesting client.

For example, it a device policy constrains a particular
device model 10 a maximum bitrate of 7 Mbps, and a
separate ISP policy constrains the maximwom bitrate 10 5
Mbps, then the policy-specilied bitrale range is 5 Mbps. "The
policy-specilied bitrate range is applicd (0 the results ol the
2lobal shared data evaluation to determine an optimal bitrate
range. For example, suppose that the predicted upper-bound
bitrate (based on obscrvations of sustainable bitrales, or an
analysis ol bilrate versus interrupls) lor the combination of
device model and network ol the requesting client is 6 Mbps.
The & Mbps bitrate range trom the global shared data
evaluation is combined with the 5 Mbps policy-specified
bitrale range 1o arrive al a inal bitrale range with 4 maxi-
mum bitrale ol 5 Mbps. In this example, the maximum
bitrate range was determined as the minimum of the upper-
bound thresholds determined by the evalvation of global
shared data and the rules specified by the obtained relevant
policies.

Anolher example way o deline a bitrale range is by
determining those bitrates (including middle bitrates) that
should be removed. Removal of such middle bitrates results
in the disjoint bitrale ranges.

Anolher example way in which a bitrale range is defined
is through a wsable list'sel of bitrates which the client is
determined to be capable of reliably playing. The usable set
of bitrates can be determined from a full set of available
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(e.2., candidate) hitrates (where the vsable set is a subset of
the full sety. In some embodimenis, (he ull set ol available
bilrales 1s extracted from an obtained original manilest fle.
which includes the supersel of all available bitrates al which
a requested content item is encoded. In some embodiments,
the tull set of available bitrates is obtained as a list, from a
client, which is configured to perform the parsing of a
manilesi file 1o extract the Tull list of bitrates, which are then
provided to a backend such as C13C 300 [or processing.

The usable 1ist of bitrales is determined by applying the
results of the evaluation of global shared data and/or the
rules specified in the policies determined to be relevant to
the requesting client/session to the full list/set of bitrates.

The results of the global shared data evaluation can be
applicd, for example. as lollows. A qualily score correspond-
ing o the attribules of the requesting clicntisession is
obtained. The quality score can be obtained by performing
a lookup of a multidimensional table, as described above. In
some embodiments, the quality score is determined on-
demand. "The quality score is then mapped o a subset ol the
[ull set of bitrates. For example. suppose thal the quality
score 1s measured on a range ol vero W one hundred, with
zero indicating the worst quality, and one hundred indicating
the best quality. One example of a mapping between the
quality score and the [ull set of bitrates is (hat the higher the
quality score. the larger the range ol bitrales in the [ull set
that the client is determined 10 be able o reliably play (i.c..
higher scores translate to higher plavable bitrates). The
lower the score, the smaller the range of bitrates that the
client is determined to be able to reliably play (ie., lower
scores lranslale o lower playable bitrates).

II'a threshold bitrale is provided as a resull ol the global
shared data evaluation (c.g.. generated by prediction algo-
rithms as described above), then the threshold bitrate can be
applied to the full set as follows. The threshold bitrate is
treated as the maximuom, upper-bound of the bitrates that the
requesting client can reliably play. "The bitrates in the [ull set
that exceed the threshold are removed, with the remaining
bilrales (i.c., those thal are al or below the threshold)
forming the vsable set of bitrates that the requesting client
can reliably play.

If a set of bitrates 10 be excluded is provided as a result
ol the global shared data evaluation. then those bitrales in
the full sel matching 1o the bitrates o be excluded are
removed. In some embodiments, both the maximum bitrate
cap and the ser of bitrates to be removed are nsed to reduce
a full sel ol bitrates.

The one or more policies are also applied (o the [ull list =

ol bitrales. lior example. any constraints such as bitrate caps
can be used to filter the full list of bitrates (i.e., removing any
that fall bevond the bitrate cap). As another example, it' a
policy specilics a particular bitrale o be excluded, the bitrale

can be removed [rom the Tull Tist'set of bitrates. I multiple s

policies are obtained, then the policies can be applied
sequentially (or in order, it such order is defined).

The combined application of the results of the evalvation
ol global shared data and the rules specilied in the policies
is used 1o determine the [linal, optimal bitrate range for the
requesting, client. The global shared data evalvation results
and the policy rules can be applied to the full list in any order
or appropriate manner. The evaluation resulls and the policy
rules can be applicd (o cach other belore being applied (o the
[ull list as well.

At 506, output is generated based at least in part on the
determination. The output includes an indication of the
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optimal bitrate range determined for the client. In some
cmbodiments. the type ol oulpul generaled 1s based on the
lunctiomality of the client.

l'or example. il the client is requesting a manilest file. and
does not have a mechanism by which to reduce a manitest
file to only include the determined bitrate range, then a
manilest file is generaled. In some embodiments. generaling
the manilest (ile includes reducing an original manilest (ile.
As described above, an original manitest file that includes
the tull set of available bitrates at which content is encoded
is obtained (e.g., from a CDN). A usable list of bitrates
which can be reliably played by the requesting client is
generaled [rom the Ml list of bitrates extracted rom the
original manifest file. The original manitest file is reduced 10
ouly include those bitrates in the determined vsable list. For
cxample, those bitrates in the Mull set that are not included in
the usable list are removed [rom the original manilest file. In
some cmbodiments. a new manilest [ile that includes only
those bitrates in the determined usable list is generated. The

20 reduced (or new) manifest file including only the determined

usable list of bitrates is provided as oulpul Lo the requesling
client.

It the client does include a mechanism/logic for reducing
manifest files, a variety of different types of outputs can be
generated. As one example, if the requesting client provided
a lull 1ist ol bitrates {e.g., as deseribed in the example ol IIG.
1131, a usable list of bitrates as described above is retumed
as output to the client. The usable list can be sent, for
example, as an array that includes the usable bitrates that the
client has been determined 1o be able Lo reliably play. The
client is confligured 10 use its local manilest reduction
mechanism o locally reduce an oblained manifest [ile
according to the vsable list of bitrates.

Ag another example, rather than outputiing a usable list of
bitrates. a value, such as a maximum bitrate. is provided. As
deseribed above. based on the evaluation ol global shared
data and the rules speeified in relevant policies, a maximum
bitrate is determined that indicates the upper-bound of the
range of bitrates that the requesting client has been deter-
mined 10 be capable ol reliably playing. The client is
confligured. using the local manilest reduction, 1o reduce an
original manifest file according to the maximum bitrate
range (e.g., by removing those bitrates in the full set of
bitrates that exceed the maximum threshold bitrate range).

Other types of oulpuls such as combinations ol bitrates
{c.g.. an upper-bound bitrate along with a sct of bitrates 1o
be excluded) can be provided to the client, which is in turn
configured to use the output 1o locally reduce s manitest file.

Ag shown, the type of oulpul o be generated for and
provided (o the client is based on the type of request (hal is
received. Por example. il the elicnt requests a manifest lile,
as described in the example environment of FIG. 1A, then a
manifest file is provided. If the client, however, indicates
that it is cquipped with a local reduction mechanism and
requests instructions for a sel ol one or more values (c.g.,
vsable list of bitrates or bitrate cap and/or excluded bitrates),
then values such as a threshold bitrate or a usable list of
bitrates are provided as output. At 508, the generated output
i provided to the clicnt. The client is configured 10 oblain
conlent according o the generaled oulpul (e.g. select
bitrates at which to obtain content based on the indicated
optimal bitrate range).

FIG 6A s a flow diagram illustrating an embodiment ol
4 process lor oblaining an oplimal bitrate range. [n some
cmbodiments. process 600 is exceuted by client 200 ol FIG.
24, The process begins at 602 when a request for a manitest
file is transmitted. In some embodiments, the request for a
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manitest file is sent 1o an entity such as CMS 108 of FIG.
1A, The request for the manilest (e is then redirected Lo a
bhackend such as C13C 300 o I'IG. 3. In some cmbodiments.
the request [or the manilest [ile includes metadala associated
with the client, such as device model and network (e.g., ISP)
of the client.

AL604, a manilesi file 1s received. n some embodiments.
the manilest [ile has been reduced (c.g.. by C1C 300 o[ 11G.
3) from an original manitest file 1o include a nsable (optimal)
set of bitrates which have been determined as being able to
be reliably plaved by the client. The reduced manifest file is
received [rom an entity such as C12C 300 of IG. 3, which
is also conligured (o determine the usable sel of bitrales for
the client based on its metadata attributes, an evaluation of
global shared data, as well as relevant policies (e.g., as
deseribed in process 300 of F1G. 53,

‘The client is then conligured 10 oblain content according
1o the received manilest file. lor example. the manifest file

is provided to logic such as adaptive bitrate (ABR) logic

resident on the client, which will vse the determined optimal 2

bilrale range (with which the manilest [ile has been rowrit-
len) as the candidale, starting sel of available bitrales when
selecting a bitrate at which 1o obtain content.

FIG. 6B is a flow diagram illustrating an embodiment of
a process tor obtaining an optimal bitrate range. In some
embodiments, process 630 is exceeuled by client 250 ol LG,
213, The process begins al 652 when a request lor instruc-
tions usable 1o reduce a manitest file is received. In some
embodiments, the manitest file 1o be reduced is an original

manifest obtained lrom an entily such as a CDN that 3

includes the Mull set ol available bitrales at which a content
iterm is encoded.

In some embodiments, the request is transmitted 10 an
entity such as CDC 300 of FIG. 3. The request can also

include metadata inlormation associaled with the clienl. 3

such as device model and network (c.g.. 18P) ol the client.

‘The request can alse include a [ull list of bitrates. "The [ull
list of the bitrates is the full superset of bitrates included in
the original manifest file. [n some embodiments, the clientis
conligured o parse the original manifest [ile and extract the
[ull supersel ol bitrales 1o generate the full list that is
transmitted in the request.

At 654, instructions nsable to reduce the original manifest
file are received. The instructions can be determined by an
enlity such ag C1C 300 ol VI, 3 based on the meladala
allributes ol the client, an evaluation ol global shared data.
as well as relevant policies (e.g., as described in process 500
of FIG. 5). Various types of instructions can be received, as
deseribed above. As one example. a usable list ol bitrales 1s

received. In some ambodiments, as described above, the s

usable lisi of bitrates is determined from the [ull list of
bitrates provided by the client, and includes those bitrates in
the tull set that the client has been determined 1o be able to
reliably play.

In some embodiments, bitrate cap and/or sel ol bitrales o 3

be excluded is received. For example, the bitrate cap is the
maximum bitrate that has been determined as the upper-
bound for the range of bitrates that the client can reliably
play. The bitrales 10 be excluded include bitrates [or which
it is determined that the client should avoid playing (c.g..
bitrates which it has been determined that the client cannot
reliably play).

AL 656, the original manilest file is reduced using the
received instructions. lior example, the client is configured
with local logic (o locally reduce the original manilest [ile.
It ausable list of hitrates is received as instructions, reducing
the original manifest file includes removing the bitrates in

[

1

[
[y

40

45

.t

Gl

G5

34

the original manifest file not included in the nsable list (i.e.,
modilying the original maniflest file 0 only include the
bitrates in the determined usable list of bitrates). IF a max
bitrate is reccived as instructions. then all bitrales in the full
set of bitrates ncluded in the original manifest file that
exceed the threshold bitrate are removed. If a set of bitrates
to be excluded is also received, then those bitrates in the tull
sel ol bitrales thal malch 1o t(he excluded bitrales are
removed accordingly.

In some cmbodiments. a new manilest [ile s generated
from the original manitest file that only includes the appro-
priate‘vsable bitrate range determined for the client.

The client is then contigured to obtain content according
lo the reduced manilest (ile. For example, the reduced
manilest 1le is passed 10 logic such as AR logic resident on
the client, which will use the optimal bitrale range in the
reduced manifest file as the candidate set of available
bitrates when selecting a bitrate at which to obtain content.

A/B Testing,

Ay described above, the conlent distribution coordinator
i conligured to lacilitale experimentation (e, AY3 lesling)
ol dilferent bitrates (e.g., using lesting engine 318 ol I 33,
By vsing the bitrate range control mechanisms described
herein, entities such as publishers can perform experimen-
tation (o 1dentily a [ull range ol bitrates at which lo cncode
conlentk

l'or example. delivering content al higher bitrales can
incur increasing costs. Thus, betore encoding content at new,
higher bitrates, publishers may wish to determine whether
encoding the content at the higher bitrates has benefits, such
as increasing engagement. Using the lechniques deseribed
herein, publishers can determine whether it is benelicial 1o
allocale resources 1o introduce new. higher bitrates, and il
so, how high the bitrates should go.

Using the testing engine, publishers (or any other appro-
priate entity) can perform experiments 1o determine it ever
increasing bitrales resull in higher engagement. Publishers
can conlinue 0 experiment and ry encoding al higher
bitrates uniil engagement no longer oceurs. The publisher
can then identity the highest bitrate at which engagement is
maximized, before increases in bitrate no longer have an
impact on user engagement.

Iixample lixperiment

The following is an example use case Luplementation of
an experiment using the bitrale range control mechanism
deseribed herein, Using a policy engine such as policy
cngine 310 of CDC 300 ol 111G 3. an entily operating the
experiment can configure a policy based on random AB
aroups. The policy can be configured to specify that for 30%
ol viewers, a policy cap ol 5 Mbps is 10 be enlorced. The
policy can be conligured (o specily that for the other 50% ol
viewers, a policy cap of & Mbps is 10 be enforced. This
allows a fair comparison of the two bitrates to be performed.
During the testing, quality metrics and engagement mea-
surcs (e.g., a metric ol the amount of lime spent viewing a
conlent dlem. the length of a session. ele)) associaled with
each group of viewers can be collected and evalvated 10
determine differences in engagement between the two popu-
lations. allowing the tester o determine whether introducing
the higher 6 Mbps bitrate resulted in higher engagement. In
this example experiment. while the analysis of global shared
data can still be used 1o determine, on a per-client basis, an
appropriate bitrate range (e.2., based on metadata associated
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with the client), the testing policy is used to provide turther
constrainls on the maximum bitrate that can be provided Lo
clients.

Thus, through (he cxample experiment. the policy
enforces a 5050 random split through which engagement
can be measured 10 determine whether introducing the new
bilrale yiclded higher engagement. The test can be repeated
with higher bitrales being introduced 0 delermine  the
wpact of bitrate on engagement. The resulrs of the test can
then be outputted (e.g., in a report) to the tester. For example,
a graph of bitrate versus engagement (e.g., with bitrate
increasing along the X-axis. and increasing engagement on
the y-axis) can be generaled and provided o the ester.

The ability 1o perform a randomized test of the impact of
bitrate oL engagement is facilitated vsing bitrate range
control/sclection techniques deseribed herein based on two
[actors. “The first is the intelligence and data analysis that
allows Tor bitrale ranges (o be constrained lower lor devices
that cannot handle higher bitrates. The second factor is the
configuration of policies which, when entorced, allow for
random split A3 Lests (o be perlormed. Without the 1irst
[actor, increasing bilrale may notl necessarily resull in higher
engagement, as those viewers who do not have the capability
1o play the higher bitrate (e.g., because of device or ISP
limitations) may in fact have a worse experience. By utiliz-
ing both analysis ol aggregaled data, as well as policy
conliguration (o control the bilrale ranges provided (o indi-
vidual clients, such experimentation can be implemented.

FIG. 7A is an example of a policy configured to tacilitate

A testing. In this example. policy 700 specifies rules lor 3

PlayStation® 4 devices. In this cxample, the policy specilics
that [or sesslons involving a PlayStationd 4, 50%, ol the
sessions are 1o be capped at 5 Mbps, while the remaining
50% of sessions are capped at & Mbps. This policy can be

used Lo perform AY3 lesting for only devices matching the 3

type ol the first gaming device.

IIG. 713 is an example of a policy. In (his example, policy
750 indicates that for all devices (device any), cap 100%
of sessions at 5 Mbps.

Policics 7000 and 750 can be included in a list ol policies.
where the policies are evaluated in order. "Thus, 16 a request-
g client is identified from metadata as vsing a PlaySta-
tiowE 4, policy 700, which specifies bitrate rules for Play-
Station® 4 client devices, will be evalvated for that
requesting device. The 30730 randomized bitrale cap will
then be applied (where the requesting elient will either be
capped at 5 Mbps or 6 Mbps). If the device is not a
PlayStation’® 4 gaming device, then policy 750 is evaluated,
where the requesting client is capped al 2 max ol 5 Mbps.
according to the specilication ol the policy 750,

The results of the A7J3 (esting can then be provided in a
report (2.2, by reporting engine 316 of CDC 300 of FIG. 3).
Ag shown in the examples of FIGS. 7A and 7B, policies can
be conligured that specily, lor dillerent conditions/dimen-

slons (such ag device model. I8P). cle.. rules regarding the s

bitrates 1o be provided 1o clients. The rules include specifi-
cations in the manner in which bitrates are to be provided
(e.g., percentage of clients to receive certain bitrates).

Additional Details regarding Bitrate Range Control

As deseribed gbove. the various lechniques [or bitrale
control described herein can be used for a variety of pur-
poses, including to maximize engagement by alighing the
provided bitrales Lo the capability of a specific device model
and the Intermet Service Provider (I8P) that the device 1s
connected o, One scenario where this can be helplul is lor
mobile devices due to the device model heterogenenty and
ISP (cellular, cable, DSL) heterogeneity. The examples and
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descriptions described herein relate 1o bitrate range control
in a mobile environment. [ Towever. the wechnigues described
here may be adapled accordingly o be applicable 10 other
types of devices andior in other contexts.

FIGS. 8A, 8B, 9A, and 9B show example graphs illus-
trating the issves faced given device model and ISP hetero-
geneity/variability. and the advantages ol providing bitrates
that are aligned to the capabilily ol a specilic device model
and the ISP to which the device is connected. The graphs of
FIGS. 8A and 9A represent the capability of several device
models (bars of FIG. 8A) and several ISPs (bars of FIG. 9A).
The horizontal line represents the maximum bilrate that a
publisher may choose o offer. 8ince this is mostly statice,
publishers are typically forced to choose a maximum bitrate
that compromises quality for high performance devices (or
ISP} 10 ensure the quality for lower perlorming devices
{and 18Ps) is decent. While ABR algorithms are designed 1o
handle changing network congestion, the AIBR algorithms
may be limited when dealing with the vast heterogeneiry of

20 device and network capabilities. The graphs of FIGS. 8B and

913 represent the result ol a bitrate control leature. What was
a [lal horizontal line is now matched closely with the
capability of each device model and ISP, allowing the ABR
algorithms in the devices to handle network congestion (as
they were designed to) within the appropriate range.

Device Model Variabilily

FFIGS. 8A and 813 illustrate example graphs with respeel
to device model variability. In the example of FIG. 8A, a
static bitrate range (802) is manvally selected, where the
maximum bitrale of the range (represenied by line 804) 1s a
suboptimal sclection based on compromiscs as described
above. The same stalic bilrale range s provided 1o all
devices regardless of device capability (represented by the
bars in the graph, where each bar corresponds 10 a particular
device type/model). Thus, in the example scenario of FIG.
BA. device ABR algorithms must handle hard capability
limits and changing congestion.

In the example of FIG. 8B, the bitrate range provided 1o
clients is automatically adjusted/tailored hased in part on the
device type ol a client (as shown by linc B06. which is
malched (o the capabilities of the particular device type).
Such avtomatically selected bitrate ranges allow for an
optimal bitrate range per device, without the compromises
described above, Thus, the client-side ABR algorithm only
needs o handle changing congestion.

ISP Variability

FIGS. 9A and 9B illustrate example graphs with respect
to ISP variability. In the example of FIG. QA a static bitrate
range (902) is manually selected, where the maximum
bitrate ol the range (represenied by line 904) is a suboptimal
selection based on compromiscs as described above. "The
salne static bitrate range is provided 1o all devices regardless
of'the performance of the ISP that a device is on (represented
by the bars in the graph, where cach bar corresponds 10 a
particular 1SP). Thus, in the example scenario of FIG. 9A,
device ABR algorithms mwst handle hard capability limits
and changing congestion.

In the example of FIG. 9B, the bitrate range provided 1o
clients is awtomatically adjusiedsiailored based in part on the
ISP ol the client {(as shown by the line 906, which is matched
to the capabilities of the particular ISP). Such avtomatically
selected bitrate ranges allow for an optimal bitrate range per
device. withoul the compromises described above. "Thus. the
client-side AIBR algorithm only needs o handle changing
congeslion.

In some embodiments, the bitrate range control function-
ality described herein allows for customized bitrate range
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selection (e.g., based on device type and/or ISD, or any other
appropriale laclor). maximizing qualily and engagement by
climinating the need o compromise when scleeting the Lull
range ol bitrales [or encoding.

In some embodiments, the bitrate range control mecha-
hism separates the funetionality and ntelligence needed to
handle device model and IS limitations/capabilities from
device-level ABR algorithms, which are designed primarily
1o handle dynamic congestion.

In the examples ol FIGE. 8A-913. the bars represent the
maximum bitrate a particular device model or ISP can
handle. The line represents the maximum bitrate provided to
each device model and defines the range. Since the maxi-
mum bitrale is slatic. a publisher is typically lorced Lo
compromise and select a suboptimal maximum bitrate (and
bilrale range)

ADDITIONAL USE CASE EXAMPLES

The [bllowing are (wo example wse casesfactions that
leverage the bitrale range control mechanism deseribed
above, in which bitrates are provided that are aligned to the
capability of a specific device model and the ISP to which
the device is connected:

Aulomated selection of bitrate range: nsuring that cach
device is given the appropriale range of bitrales on session
start within the set of encoded bitrates. Since the dimen-
sionality of factors 10 be considered is high, device model x
ISP % location (where location is considered because ISP
perlormance varies signilicantly between localions), manual
scleetion ol bitrate range is dillicult. In some embodiments.
the dimension selection is offline data-driven and the bitrate
range is online data driven. The update frequency can be set
based on offline analysis driven.

Ixperimentation to identily Ml range of bilrales o
encode: To maximive the usage of bitrate range control and
maximize engagement, the maximum encoded bitrate can be
raised to, or above, the highest device/ISP combination (e.g.,
rather than being constrained based on compromise as
deseribed above with respeet o FIGS. 8A and 9A). The
numcrical value ol the maximum encoding bitrate will not
be immediately known. The functionality of the bitrate range
control mechanism can be vsed by a publisher (or other
appropriale enlity) lo experiment with progressively higher
bilrales o delermine the maximum encoding bitrale. This
experimentation ¢an be done periodically (e.g., as device
models and ISP capacities continue 1o evolve).

Use Case Lxample 10 Autlomated Mobile Device
Bitrale Range Sclection

Four example factors/dimensions that impact mobile
device experience include: ISP and connection type {c.g..

cable/1I81 feellular. Veriaom/ATE T /Comeasidverizon Wire- s

less); location; device model; and content type.

Ag one example scenario, consider 30 locations, 20 ISDs,
and 20 device models, which results in 20,000 combina-
tions. Nurther considering live vs videv-on-demand (vod)
streaming, 400000 combinations would resull. There may
potentially be a much higher number of combinations. An
example table illustrating the various tactors/dimensions is
shown in IP1¢. 10,

Visual Representation of the Decisions

Multiple visualizations ol the decision made by a bitrate
range control mechanisim can be presented. FIG. 11 is an
example tree representation where a vser can drill in 1o see
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the details of the decisions made. For example, the vser can
explore down Lo the leaves or summaries al cach higher level
node

Iixample of Top combinations by volume/impact

FIG. 12 illustrates an example table in which the top
device model/ISI/location combinations by volume, and the
decisions and impact for each one are shown,

Use Case Example 20 Manual Mobile Device
Bitrate Management to Deterimine Max Bitrate

ISDs that mobile devices can connect to offer a wide range
ol bandwidth capacitics. l'or example, Verizon 4G LT ve
[=-Mobile 35 vi Comeast Xinity wired vs Comeast Xilnity
mobile vs AT& T Uverse, cle.

The device model can have a significant inpact on the set
of bitrates that can be plaved (e.g., based on CPU perfor-
mance, screen size, hardware acceleration, ete.)

In some embodiments, with an automated bitrale range
selection sysiem as deseribed in use case example 1, a
publisher can sclect 4 max bitrate and a [ull range ol bitrates
that maximizes engagement without needing to compro-
mise. In some embodiments, with appropriate visibility into
bitrate vsage and engagement, a nser (e.g., publisher) can
reliably define the [ull range ol bitrates.

In some cmbodiments. vigibility can be provided inlo
various aspecls of streaming and content distribution. lor
example, visibility can be provided into the distribution of
bitrate usage for each ISP, then for each bitrate (or bucket)
to see the re-buffering ratio. As another example, visibility
can be provided inte the percent/number of bitrale switches
away [rom cach bitrate. As another example, visibilily can
be provided into the engagement for each bitrate bucket.

In some embodiments, inferences/actions can be made/
taken. For example, if it is determined that there is signifi-
canl usage of the lop bitrates, the qualily is on par or beller
than other bitrales. the number of bitrales swilch aways
{number ol times thal a bitrale was swilched away rom 1o
another bitrate) is not significant, and engagement is highest
ol the high bitrates, then an attempt 1o introduce a higher
bitrate can be recommended. The ISI® and/or device model
may be able o0 handle higher bitrates, yiclding higher
cngagemoent.

Ag another example. ifitis determined that there is usage
of the highest bitrate(s), but the quality of the highest
bitrate(s) is poor compared to the other bitrates, then it can
be determined/suggested thal the highest bitrate(s) lor this
ISP should be removed. In this example scenario, it has been
inlerred that the ISP camnol handle the highest bitrale(s). bul
because it has been provided to cliemrs, the ABR algorithm
resident on the clients continues to aftempt to play the
highest bitrale(s). resulling in poor qualily.

Ag another example. ifitis determined that there is usage
of the highest bitrate(s) and the quality i3 on par with other
bitrates(s), but the number of switches away from the
highest bitrate(s) is significantly higher than from other
bitrates. then it can be delermined/suggesied that the highest
bitrate{s) lor this ISP should be removed. In this example
scenario, it has been interred that the ISP cannot handle the
highest bitrate(s), but because it has been provided to clients,
the AR algorithm will attempl (o play it, resulling in many
swilch downs. impacting the experience.

Although  the  loregoing  embodiments  have  been
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
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There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illusiralive and not
restrictive.

What is claimed is:
1. A svstem, comprising:
ole or more processors configured 1o:
receive, over a network, an indication of a request tor
conlent;
receive a sel al client attributes associated with a client
assoclated wilh the request, the sel ol client attribules
comprising of a device model associated with the
client and an Internet Service Provider (ISI) asso-
ciated with the client;
determine a plurality of clients that share the device
model associaled with the client and the 18P associ-
aled with the client;
vse performance information associated with the plu-

rality of clients determined to share the device model 2

assoclated with the elient and the 18P associaled with
the clicnt to determine a sel ol aggregale qualily
metrics for a given bitrate or a given range of
bitrates;

based at least in part on the set of aggregate quality
metrics determined lor the given bitrate or the given
range ol bitrales using the performance information
associated with the plurality of clients determined to
share the device model associated with the client and

the I8P associaled with the client, deiermine. from a 3

scl ol bitrates al which the content is encoded. a
subscl ol hitrates 1o be made available 1o the client (o
use to obtain the content; and

provide output to the client based at least in part on the

subscl of bitrales determined [rom the set ol bilrales 3

hased al least in part on the sel ol aggregate qualily

metrics determined lor the given bitrate or the given

range of bitrates vsing the performance intormation

associated with the plurality of clients determined to

share the device model associated with the client and

the ISP associaled with ihe client, wherein the client

is configured 1o obtain the content at least in part by
selecting a bitrate trom the subset of bitrates; and

a memory coupled to the one or more progessors and

conligured 1o provide the one or more processors with

instructions.

2. The system recited in claim 1 wherein the set of

aggreaate quality metrics determined for the given bitrate or

range ol bitrales comprises al least one of errors. requency

of bitrate swilching events, bulfering ratio. play time. and s

content complelion rale.

3. The svstem recited in ¢laim 1 wherein determining the
subset of bitrates for the client comprises constraining the
scl o bitrates based al Teast in parl om an aggregate qualily

score Tor sessions associaled with the plurality ol clients s

determined to share the device model associated with the
client and the ISD associated with the client.

4. The svstem recited in ¢laim 1 wherein determining the
subscl of bitrates Turther comprises applying a bitrate con-
straint according 1o a policy.

5. The svstem recited in ¢laim 1 wherein determining the
subset of bitrates for the client comprises determining at
least one of a maximum (hreshold bitrale and a bitrate o
exclude.

6. The system reciled in claim 1 wherein the subset of
bitrates comprises a set of bitrates that the client is deter-
mined 1o be capable of reliably plaving.
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7. The system recited in claim 1 wherein a type of the
outpul provided o the client is determined based at least in
part on a capability of the client o locally reduce a manilest
file.

8. A method, comprising:

receiving, over a network, an indication of a request for

content:

receiving a sel ol client altributes associated with a client

associated with the request, the set of client attributes
comprising a device model associated with the client
and an Internet Service Provider (ISD) associated with
the client;

determining a plurality ol clients that share the device

model associated with the client and the ISD associated
with the client;
using perlormance information associaled with the plu-
rality ol clients determined o share the deviee model
assoclaled with the elient and the 18P associated with
the client to determine a set of apgregate quality
metrics for a given bitrate or a given range of bitrates;

bhased al least in parl on the sel ol aggregale qualily
metrics determined Tor the given bitrate or the given
range of bitrates vsing the performance information
associated with the plurality of clients determined 1o
share the device model associated with the client and
the ISP associated with the client, determining. from a
scl ol bitrates at which the conient is encoded, a subscel
of bitrates 1o be made available 1o the client to use 1o
obtain the content; and

providing oulpul 1o the client based at least in part on the

subsel of bitrales determined [rom the set ol bitrates
hased at Teast in part on the sel ol aggregale qualily
metrics determined for the given bitrate or the given
range of bitrates vsing the performance information
assoclaled with the plurality of clients delermined 1o
share the device model associated with the client and
the ISP associaled with the client. wherein the client is
configured 1o obtain the content at least in part by
selecting a bitrate from the subset of bitrates.

9. The method of claim 8 wherein the sel ol aggregate
quality metrics determined lor the given bilrale or range of
bitrates comprises at least one of error events, frequency of
bitrate switching events, buffering ratio, play time, and
content completion rate.

10. The method ol claim 8 wherein determining the subsel
ol bitrales for the client comprises constraining the sel of
bitrates based at least in part on an aggregate quality score
for sessions associated with the plurality of clients deter-
mined o share the device model associated with the client
and the ISP associaled with the client.

11. The method ol claim 8 whercin determining the subsel
of bitrates further comprises applving a bitrate constraint
according to a policy.

12, The method ol claim 8 wherein determining the subsel
ol bitrates for the client comprises delermining at least one
of a maximum threshold bitrate and a bitrate to exclude.

13. The method of claim 8 wherein the subset of bitrates
comprises a set of bitrates that the client is determined to be
capable ol reliably playing.

14. The method of claim 8 wherein a type ol the oulpul
provided 1o the client s determined based at least in part on
a capability of the client to locally reduce a manitest file.

15. A compuler program product embodied in a non-
transitory compuler readable storage medium and compris-
ing compuler instructions lor:

receiving, over a network, an indication of a request for

content;
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receiving a set of client attributes associated with a client
associaled with the request, the sel of client attribules
comprising a device model associaled with the client
and an Internet Service Provider (I8P) associaled with
the client;

determining a plurality of clients that share the device
model associaled with the client and the 18P associated
with the clieni;

vsing performance information associated with the plu-
rality of clients determined 1o share the device model
associated with the client and the ISP associated with
the client o delermine a sel ol aggregaie qualily
metrics [or a given bitrate or a given range ol bilrates:

based at least in part on the set of aggregate quality
metrics determined for the given bitrate or the given
range ol bitrales using the performance information
associaled with the plurality ol clients delermined Lo
share the device model associated with the client and
the IS associated with the client, determining, from a

set of bitrates at which the content is encoded, a subset =

ol bitrales o be made available o the client o use Lo
obtain the conlent; and

providing output to the client based at least in part on the
subset of bitrates determined from the set of bitrates
based at least in part on the set of aggregate quality
metrics determined for the given bitrale or the given
range ol bitrales using the performance information
associated with the plurality of clients determined to
share the device model associated with the client and

the ISP associated wiih ihe client, wherein the clienl is 3

confligured (0 oblain the content al leasl in part by
selecting a bitrate [rom the subsel ol bitrales.

[
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In the Specification

In Columin 1, Line(s) 60, delete “AB’ and insert --A/B--, therefor.

In Columin 1, Line(s) 61, after “policy”, insert --.—-, therefor.

In Columa 15, Line(s) 60, delete “AB™ and insert --A/B--, therefor.

In Column 26, Line(s) 37, delete “Fig. 10A™ and inscrt --Fig. FA--, therefor.
In Column 27, Linc(s) 53, delete “AB” and inscrt --A/B--, therefor,

In Columa 30, Line(s) 22, after “device”, insert --.—-, therefor.
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Drew Hirshfcld
Performing the Functions and Duties of the
Under Secretary of Conunerce for Intellectual Property ond
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