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1
CORRELATING PLAYBACK INFORMATION
OF VIDEO SEGMENTS

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
palent application Ser. No. 15/610.341, entitled CORRIE-
LATING PLAYBACK INFORMATION OF VIDIIO S1G-
MENTS filed May 31, 2017 which is incorporated herein by
reference tor all purposes, which claims priority to US.
Provisional Application No. 62/479.934, entitled CORRE-
LATING PLAYBACK QUALITY O CONTIHNT ANID
ADS filed Mar. 31, 2017 which is incorporaled herein by
reference for all purposes.

BACKGROUND O TTIE INVENTION

Users are increasingly nsing networks such as the Internet
10 access content, such as video files and live streaming/
video on demand content, via client machines. Such content
is oflen large, time sensitive, or both, As demand lor such
content inercases, there are challenges in distribuling that
content efficiently and with high quality. As one example, it
can be difficult determine the impact that various factors
associaled with content playback may have on user experi-
Cnce,

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1A illustrates an example embodiment of an envi-

ronment in which content is distributed and ad intormation 3

is collected and analyzed in a client side ad inscrtion
sconario.

FIG. 1B illustrates an example embodiment of an envi-
ronment in which ad information is collected and analvzed
in a server side ad insertion scenario.

I'ICr. 2 illustrates an ecxample cmbodiment ol a system lor
correlating and analyzing ad and conlent information.

FIG. 3 illustrates an example embodiment of an ad finnel.

FIG. 4 illustrates an example embodiment of a plot of a
number ol ads played versus views

I'IG SA llustrates an example embodiment ol a report for
real time ad insights.

FIG. 5B illustrates an example embodiment of an analysis
report.

I'IG. 5C Mlusirales an example embodiment of an ad 5

[unnel metrics report.

FIG. 5D illustrates an example embodiment of an ad
diagnostics report.

I'IG. 811 illustrates an example embodiment of an alerts
reporl.

I'IG. A 1s a How diagram llustrating an embodiment ol
a process for correlating playback intormation of video
segments.

I'ICr. 613 is a How diagram llustrating an embodiment ol
a process for correlaling video segment playback informa-
tion and metadata information.

DITEAILLED DESCRIPTION
The invention can be implemented in numerous ways.

inecluding as a process; an apparatus; a svstelm; a composi-
tion of matter; a computer program product embodied on a

[

1

ta

40

45

.t

Gl

G5

2

computer readable storage medinm; and/or a processor, such
as 4 processor conligured 1o exceule instructions slored on
andior provided by 1 memory coupled 10 the processor. In
this speeilication. these implementations, or any other lorm
that the invention may take, may be referred to as tech-
niques. [n general, the order of the steps of disclosed
processes may be allered within the scope ol the invention.
Unless staled otherwise. 1 component such as a processor or
a memory described as being configured to perform a task
may be implemented as a general component that is tem-
porarily confisured 1o perform the task at a given time or a
specilic component that is manulactured 1o perform the task.
As used herein. the term “processor” refers one or more
devices, circuits, and/or processing cores configured 1o
process data, such as computer program instructions.

A delailed description of one or more cmbodiments ol the
invention is provided below along with accompanying [ig-
ures that illustrale the principles of the invention. "The
invention is described in connection with such embodi-

20 ments, 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 vnderstanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according (o the claims withoul 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.

When viewing streaming conlent {e.g.. live andior on-
demand video (VOD) content), the quality of a user’s
streaming experience may be determined, for example, by
measuring Qol: {quality of experience) metrics [or interrup-
lions, resolution. fdelity. wail times. or any other metrics
relaled 10 the playback of the streaming content. Such
measurements may then be vsed, for example, 1o determine
insights into how streaming performance drives user
cngagement, and how the experience lor users may be
improved.

Users” experiences when streaming video may also be
impacted by the ads that are plaved along with content.
Content that is streamed via video sites may include pre-roll
ads {c.g.. ads thal are played just prior 1o the start of content),
alier which the conlent starts. Alter the conlent plays for a
time, mid-roll ads may be plaved. Thus, when watching
content, users may be presented with a series of ads at the
beginning and the middle ol the content being viewed during
4 slreaming scssion.

Ultimately, [rom an end user/viewer experience. the qual -
ity of experience of their streaming session may depend on
the combined experience of both the ad and the content
being played. lor example, the end user's expericnee may
depend not only on the experience with respect o the
content (e.g., whether the user liked the content, the expe-
rience of the content plavback itselt, the number of inter-
rupts, etc.), but also on the experience with respect 1o the ad
or ads that were played {e.g., were there 0o many ads, were
the ads inappropriate or unrelated 1o the inlerests ol the user,
were there issues with plavback of the ads, ete.). For
example, it an ad that is configured 1o play at the start of
conilent is meani (o be 30 scconds, but docs not start for 10
seconds. users may become [rustrated and quit the entire
video session.

Thus, the ads that are plaved may have an impact on an
end vser’s overall experience with streaming a content item
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requested by the vser. Described herein are techniques for
determining insighis into the relationship between the play-
ing ol content and the ads that are played with the conlent.
which may include correlating content playback quality, ad
plavback quality, and ad metadata information.

One example of an ad wnpacting the quality of end user
experience for a streaming session is as tollows. Suppose
that a show (c.g., conlent requested by a user) that the user
hag been walching has been perlorming well (c.g.. with no
bullering. at a high bitrate). An ad begins 1o play. [lowever.
the ad begins butfering. Due 1o the buffering of the ad the
user is forced to wait betore the plavback of the content they
requested can continve, which may nepatively inpact the
user’s overall streaming experience. Because ol the ad. the
user may then close the video session due o the poor
perlormance ol the ad. Thus. the expericnee ol the ad may
have a large impact on the end user’s engagement and their
satisfaction.

In existing ad monitoring techniques, only counts of ads
are typically measured. which may be used (o determine
how conlent publishers are paid [or the ad. lor example, a
broadeast network may generate revenue by counting the
number of ads that were placed.

As will be described i further detail below, using the
lechnigques deseribed herein, in addition to measuring the
quality of the playback experience of content, ad playback
quality and experience may also be measured. For example,
the same type of QoE and performance metrics vsed in

measuring conlent can be measured lor ads as well. In some 2

embodiments, the experience ol the ad is then correlated or
olherwise connecled or matched with the experience of the
content to determine a vnified experience ot a session.

In some embodiments, the techniques for determining ad
expericnce may be adapled (0 accommodale the various
manners in which ads are delivered. lor example. ads may
be delivered by a third party dillerent rom a content
provider (e.g., publisher of content). While a content pro-
vider may be able to control the experience of the content
they provide. the conlent provider may not be able o control
the experience lor ads. lior example, while the content
provider may provide a slot (or slots) in their content for ads,
other entities, such as agencies representing brands, may be
serving the ads that are placed in those slots. Thus, there may
exist 4 level of indirection and complexity in delermining ad
experience, where content providers may not have as much
control with respect to delivery ot ads and the ad experience.

Asg will be described in further detail below, by vsing the
lechnigues deseribed herein o measure ad playback quality

and correlate the measured ad playback quality with content s

playback quality, Turther optimivations with respeet o ad
placement and delivery 1o improve experience can be per-
formed. For example, a determination of a number of ads
(c.g.. three ads versus two ads) that should be placed lor

different types ol conlent on dillerent types of devices thal s

would result in an improved end user experience may be
performed.

For example, for sports content versus mowvie content, a
difference in user engagement belwoeen playing three ads and
lwo ads may be delermined. While on a per sesslon basis.
plaving two ads versus three ads results in fewer ads being
shown to an end viewer, showing only two ads may result in
larger numbers ol people walching content including the
ads, resulting in an overall increase in user engagement and
ad vigibility. Thus. using the technigues described herein. by
correlating, ad information (e.g., playvback quality intorma-
tion and metadata about the ad, such as its name, what server
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it was served from, ete.) with content plavback information,
lurther insights. such as an optimal or appropriale ad load,
may be delermined.

This is In contrast o other forms of media. such as
traditional television, in which the number of ads that are
plaved is fixed. For example, television is typically schedule
bascd, with shows being required o [it within a cerlain ime
period. and with a certain amount of time allodted lor the
plaving of ads.

In comparison to traditional television, where the pre-
dominant experience is users sitting in front of their televi-
sion o walch conlent. when streaming audiovisual conlent
onling, end viewers may walch contenl in a varicly of
contexts, such as at howe on their television, on a desktop
computer, on their mobile phone or tablet while traveling,
cle., resulting in dillerent end user experiences. Using the
lechnigques deseribed herein. control ol ads may be [acili-
lated Lo oplimize the experience lor these various conlexls.
For example, a different amount of ads may be displaved 10
a vser on a mobile device (e.g., where the user may be
walching a short. [1Meen minuie length content) versus when
the user is streaming content al home on a large display {(c.g.,
where the vser may be watching a two Lour movie).

Using the techniques described herein, a data driven
process may be used 10 allow content providers to under-
stand the impact ol ads on end user experience as well as the
relationship between ads and (he content with which they are
associated (e.g., the content betore and/or during which the
ad is plaved). A data deiven approach 1o learning based on
various allribules, such as conlenl lype. conlenl genre,
device Lype. screen sive. cle., may then be used 10 tailor the
ad experience lor different contexts (e.g., different viewers
or streaming, sessions with different attributes).

As will be described in further detail below, in some
cmbodiments. the data driven approach lo delermining ad
insights is based on the collection ol ad information, such as
ad playback perlormance or quality of experience inlorma-
tion {e.g., resolution, buffering, start time, ete.), ad metadata
{e.g., the exact ad that was plaved, the source of the ad, etc.),
cle. In some cases. there may be technical challenges in
obtaining such ad information, as ads may be delivered in
different ways, where even content providers may 1ot be
aware of the source of an ad or from where the ad is being
served, or what ad is being served. Further described herein
are lechniques. prolocols. and mochanisms Tor oblaining ad
inlormation in different ad delivery contexts. such as client
side ad insertion and server side ad insertion scenarios,
examples of which will be described in conjunction with the
cnvironments ol VIGS. 1A and 113.

13y oblaining ad playback experience and metadata inlor-
mation aboul the ads, and correlating/connecting such inlor-
matioh with content plavback experience/quality informa-
tion of content associated with the ad (e.g., the content
belore andior during which an ad was played), insights inle
advertisements can be determined. as well as strategies lor
how ads should be vtilized. For example, by correlating ad
and content information, various determinations may be
made, such as an optimal strategy with respect to ad load
{c.g.. number ol ads to be played), the frequency of ad
breaks. the length of cach ad break, the placement of ad
breaks (e.g., pre-roll before the content starts, mid-roll
during the content (of which there may be multiple mid-roll
ad breaks), cle.). the number ol ads 1o place in cach ad break,
cle., o improve ad and conlent experience.

Ag another example, based on the correlation ol ad
information and content information described herein, a
determination of what ads were playved for what piece of
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content can be made, allowing for direct comparisons and
insights into ads and conlent 10 be made or inferred belween
the ads and corresponding content. Une example ol such a
comparison includes determining the dillerence in bitrale ol
an ad and content. For example, if' a vser is watching movie
content at 5 Mbps, in high definition, but the ad that is plaved
during the conlent is al a low bitrale and pixclated, this
abrupl difference or swilch in quality may be jarring o the
viewer, and lead 10 a poor quality session experience. This
is different from traditional television contexts, in which
Inage quality is congistent between content and ads. In the
case of online sireaming, because ads are dynamically
inserled into content. and potentially served [rom difTerent
locations, such consistency may not be available, potentially
leading to poor experiences. Thus, by correlating ads and
content, analylics may be used Lo determine the dilference in
quality or expericnce when swilching between playing con-
tent Lo playing an ad. Dillerences between ads and content
for various other quality metrics (e.g., bultering, join time,
start failures, etc.y may also be determined. The drop off'in
audience numbers (e, based on a delermination of aborted
sessions) may also be measured o delermine the impact that
poor ad experience has on vser engagement with a video
5295100,

Thus, vsing the techniques described herein, by correlat-
ing ad playback. ad metladata. and conlent playback, insights
inle ads and their impact on the experience ol viewing
content during a streaming session may be determined.
Further, the insights gained may be uvsed to determine how

ads should be wilized 10 improve the quality and end user 2

experience ol online video streaming and provide an oplimal
viewoer experience. Varlous lechniques (e.g.. using session
identifiers) for performing correlation will be described in
further detail below,

While example embodiments in a video streaming (c.g..
live and on-demand streaming) ceosyslem are described
below. the techniques deseribed herein can variously be
adapted to accommodate any type of multimedia‘audiovi-
sval content distribution, as applicable.

The examples throughowt the specification will make
various reforences (o advertisements and content that 1s
requested by users. As used herein, “content” refers to
content items that an end vser or viewer has requested to
watch. As vsed herein, “ads™ are the advertisements (e.g.,
video ads) that are played while the user is walching the
requested content, such as al the beginning ol the content
(e.g., pre-roll ad) or during the content (e.g., mid-roll ad).
Advertisements and the content requested by users are but
two examples ol video segments thal may be corrclated
using the techniques deseribed herein.

The examples throughout the specilication will alse make
various references to correlation of playback quality infor-
mation of video segments, as well the correlation of play-
back quality inlormation and meladata information ol a

video segment. Playback quality information is bul one s

example of information that may be correlated uvsing the
techniques described herein. For example, correlation of
engagement information of video segments and correlation
ol cngagement information and meladata inlormalion ol a
video segment may also be perlormed.

Collecting Ad Playvback Quality Measurements and Meta-
data Information

Ads may be inserled inte conlent in various ways. Two
example modes ol ad insertion include client side ad inser-
tion and server side ad insertion. which will be deseribed in
further detail below. Based on which mode of ad insertion is
used, different protocols and techniques may be used for
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obtaining or collecting ad information (e.g., ad plavback
quality inlormation and ad metadata information).

Client 8ide Ad Insertion

IF1G. 1A illustrates an example embodiment of an envi-
ronment in which content is distributed and ad information
is collected and analyvzed in a client side ad insertion
scenario. In client side ad insertion, ads are delivered 1o a
client video content player, which is conligured to insert the
ads (c.g.. oblained [rom an entity exlemal 1o the conlent
player) into a video session that is used o stream conlent.

In the example shown, client 104 is used to access
content, such as avdiovisval content (e.2., movies, songs,
television shows, sporting events, games, images, ete.) that
i owned by contenl owners. The content 15 stored {or
caplured) al origin servers such as origin server 106, then
disiributed via other servers, caches. content distribuiion
networks (CDNs), proxies, etc. (collectively, “‘content
sources”). Content sources employ a variety of technologies
and inclvde HTTP, Adobe Flash Media, and Microsoft
Internel Information Service servers.

Iixamples of clients include personal computers, laplops,
cellular phones/personal digital assistants. and other types of
information appliances such as set-top boxes, game con-
soles, broadband routers, file servers, video servers, and
digital video recorders, as applicable.

In the example shown, a (elevision nelwork (“XY7Z™)
{content provider 102) has contracted with content distribu-
tor 108 to provide viewers with access 1o live streams of its
broadcasts as well as streams of television show episodes
and sporting events. In some cases, the content distributor is
ownedioperated by the conlent owner.

Conlent may be deliverediprovided 1o clients based on
various prolocols. As one example, online video is delivered
to clients via chunk-based protocols, in which a video player
ol a client fetches s manifest file (e.g., metadata configu-
ration file) that lists a sequence of location intormation (e.g.,
ITIPTP URL 5 that points o chunks/scgments ol video con-
lent {e.g., 2-10 socond “.45™ transport segment chunks stored
on the CDNs) that logether constitule a [ull video. The video
plaver may then fetch the chunks/segments/components one
by one according 1o the manifest file, which indicates how
the chunks may be retrieved from the CDNs so that they can
be stitched together by the client media player 1o render a
video assel as a smooth stream.

In this example, suppose that a vser of client 104 would
like to watch, using a plaver application, a television (TV)
show owned by conlent provider 102, Lior example. the user
begins a video streaming session {e.g., by hilting “play™ on
a selected video). As used herein, a session relors o an enlity
representing an instance of a vser's playvback interactions
with the requested content asset. The session may begin with
a user’s request for a particular content. and end when the
user ceases playing the content {e.g.. the user stops walching
a requested video).

In the example shown, when the vser hits play and starts
the session, the client is directed to a portal owned by the
conlent provider (c.g.. by using a web browser application,
mobile app. cle), causing client 104 (o connecl Lo a conlent
management svstem (CMS), which may be operated by the
content provider and used by the content provider 1o manage
its media assels.

Conlinuing with the example ol a chunk-based protocol,
the requested "IV show may be stored as a set of video
chunks/segments that together constitute the full video asset.
The generated chunks may be published to varions CDNs
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such as CDN 108, with corresponding manitest files gener-
aled that indicate the location {e.g.. URI 8) of the chunks lor
a conlent item.

In this example. client 104 is dirceted by the CMS 10 CDN
108 to obtain a manitest file (e.g., HLS manitest file) for the
requested TV show, The content player 110 on client 104
then uses the oblained manilest file 0 begin streaming
content [rom CDN 108 {c.g., requesting. [eiching. and
plaving chunks of the TV show that was requested).

In the example environment of FIG. 1A, in which client
side ad insertion is performed, advertisements are served and
played as lollows. In this example, client 104 includes ad
player 112, In some embodiments. ad player 112 and video
plaver 110 are components or modules of the same plaver
application (bt may be parts of separate applications in
other embodiments). The player application may be a dedi-
caled application or an application provided by a wch
browser application. In this example, video player 110 and
ad plaver 112 are two different plavers, where the plavers are
switched between depending on whether content is 1o be
shown, or an ad is 1o be displayed.

In this example, ad player 112 communicates with ad
server 114, Ad server 114 is configured to serve ads. In some
embodiments, the ad server is associated with its own CDN
deliver ads. The ad server has stored ad content. In some
embodiments, ad player 112 is implemented as a player side
plugin. Ad player 112 is conligured 1o communicale with ad
server 114 and request an ad to play. In some embodiments,
the ad server and the ad player are provided or supplied by

a same vendor {e.g., reeWheel)., where the vendor may 3

work with content provider 102, with the ad server operaling
on behall of the content provider (0 manage campalgns and
rules tor placing ads in the vendor’s ad plavers.

In this example, video plaver 110 is plaving the requested

TV show. Ad(s) are o be played al a particular point {or 3

points) ol the video. "The video player communicales with
the ad player, instructing the ad player lo play an ad when
the video reaches the particular point in the video. The ad
plaver then communicates with the ad server, requesting that
the ad server provide the ad player with an ad (o play. In
some cmbodiments. additional information such as ad play-
g criteria are provided by the ad plaver 1o the ad server,
such as an amount of time 1o be filled with ads (e.g., length
of an ad break).

Ad server 114 receives the roquest lor an ad (and any
other criteria or paramelers, as appropriate) from ad player
112, In the example shown, the ad server is programmed or
configured with a set of campaigns, policies, and/or rules tor
ad msertion. The campaigns. policices, and/or rules may be

conligured, lor example. by an ad operations leam (116) s

associaled with the comtent provider (e.g., using wols o set
up and campaigns and rules for ad insertion with the ad
server). Based on the campaigns, policies, and rules, the ad
server 15 conligured o determine and provide a location

(t.g.. a relerence o a uniform resouree locator (URLY olan s

ad (or ads) in response 1o the request for the ad.

Suppose, in this example, that television network XY7Z
has made direct sales (e.g., sold portions of its ad inventory
or ad slots) 10 a number ol advertisers/brands. such as Acmce
Motors (117), Boss Burgers (118), and Cool Cola (120).
Viewers of content provided by network XYZ will receive
ads trom either Acme Motors, Boss Burgers, or Cool Cola.
In this example, the advertisers are represented by respeetive
ad agencies 122, 124, and 126. As shown in this example.
cach ad agency is associaled with a CDN (respective CDNs
128, 130, and 132) with which thev serve the ads for the
respective represented brands.
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One example of a campaign is a contract between the
conlent provider and Cool Cola 10 play one million Cool
Cola ads on XY /s website over the next month. In some
cmbodiments. the campaigns arc based on business agree-
ments with the advertisers and ad agencies. In this example,
the campaigh is a business agreement with a quota or
nuber of ads play within a period of time. In some
cmbodiments. the timeline and quota are programmed inle
the ad server.

Rules may be used 1o manage the placement ol ads based
ol various criteria. One example of an associated rule is a
rule reparding content with which an ad for Cool Cola may
be plaved. For example, suppose that XYZ has ten different
genres ol conlent. A rule may be specilied indicating that
Cool Cola ads should only be played lor comedy and action
genre conlent. or that ads should not be played lor cerlain
genres of content, such as soap operas. Another example of
a rule is one that specifies the insertion of ads based on

2 device tvpe. For example, a rule may be specitied indicating

that Cool Cola ads are only (o be played on one type ol
device. and nol on another type ol device. As another
example, rules may be specified that define what ads may be
plaved based on viewer information, such as vser attributes
{e.g., demographic information). Thus, the rules may be
used o determine. on a per-viewer basis. the conditions
under which ads are delivered/placed (e.g., based on type ol
device, content, characteristics of the wser, etc.). In some
embodiments, the rules are programmed in the ad server.

In some embodiments. the campaigns and rules are manu-
ally programmed into (he ad server (e.g., by an ad operations
leam). lior example, an administralor user with access Lo the
ad server may manvally enter new campaigns, track those
campaigns, update the campaigns and rules, prioritize one
campalign over another. ele.

In some embodiments. other ad delivery erileria are also
conligured at the ad server. such as ad load (e.g., number of
ads to play in an ad break slot). As will be described in
turther detail below, using the techniques described herein,
an oplimal ad load may be determined based on collected
and analysed ad and conlent experience/qualily data. In
some embodiments, the ad load and decision of what ads 1o
be played mav be made on a per viewer request (in contrast,
for example, o traditional television, where the decision of
whal ad 1o play is controlled in bulk for an cntire audience,
and nol on a per-viewoer basis)

In this example, the ad server is configured to use the
programmed campaign criteria, rules, and policies when
processing requests [or ads [rom client 104, lior example,
when ad player 112 requests an ad 1o play rom ad server
114. ad server 114 1s conligured o use the campaign and
rules with which it was programmed 1o determine or select
an ad (or ads) for the ad plaver to play. In the example
shown. the ad server responds (o the ad player’s ad request
with a URIL. (or URIL.s) lo the ads the ad server has selected
based on the campaign and rules.

For example, suppose that in response 1o ad plaver 112°g
request tor an ad, ad server 114 selects a set of Cool Cola ads
for the ad player o play. Ad server 114 returns o the ad
player a sel ol URLs corresponding 10 (he selecled ads.
These URLs point to CDN C (132) which holds the actual
ads to be plaved (ie., the URLs point to the location of the
actual ads). The ad player. using the sl of URLs. s
redirecled o CON C, which delivers the corresponding
selected ads o the ad player. While a single redireet of the
ad plaver is shown (e.g., redirection from ad server to CDN
), multiple levels of redirection may occur.
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In the example shown, client 104 includes ad monitoring
engine 134 and conlent monitoring engine 136, Content
moniloring engine 136 is conligured o measure perfor-
mance and quality of experience of conlent playback using
video plaver 110. In some embodiments, the content moni-
toring engine is integrated with the video player. Various
examples ol quality of experience measurements include
measures/melrics associaled with bitrate. average bitrale
{e.g., average bitrate sustained over the lifetime of a session
during which the video is plaved), buffering, tailures, startup
time {measures of how long the content took to start play-
ing), failure events (c.g., Tilure o start), bullering ratio
{(which indicales, [or example, a percentage ol time or how
often a stream is being buffered or interrupted), the number
of buffering events (it' any), the length ot a buffering event,
the number ol [rames per scecond rendered by a video/ad
player, [ailed connection allempls. premalure connection
lerminations. ele. In some embodiments, inlormation per-
taining to uvser behavior‘engagement is obtained for ads
andor content. Examples of user behavior/events include:
slarling and stopping playing a video or audio stream.
socking within the stream. skipping through the stream.
abandoning the streaming session (.., by closing the plaver
application), switching the plaver w0 full sereen mode,
minimizing/restoring the player, a change in the volume
level ol the player, and clicking on an advertisement. Other
examples of inlormation abowt the content playback include
engagement metrics as well as local state information.
Examples of local state information include current mea-

surcments ol the client. such as a content player’s current 2

bilrale, current CDN, cwrrent player state {c.g., playing.
bullering. pauscd, stopped). cwrrent player buller length.
current play head time/position, current bandwidth measure-
ment estimations, current frame rate, etc. Other state intor-
mation may include events such as crror cvents. lixamples
ol engagement information or measures include a length of
time that the video segment has been playing, a length of
time that the client has been connected 10 a content distri-
bution network, an amount of data associated with a down-
load ol the video segment, a display mode of a video screen.
4 viewer interaction with al least one player control, and a
viewer interaction with the video segment. In some embodi-
ments, the measurements performed by content monitoring
engine 136 are collected on a per-session basis.

In this example. the content meonitoring engine is conlig-
ured 1o provide the measurements o correlation and analysis
platform 138, which will be described in further detail
below, In some embodiments, the measurements made by
the content monitoring engine are assoclaled with meladala

dboul the content {e.g., name of the content, genre, ele). The s

content information may also be associaled with an identifier
of the session in which the content was plaved.

Ad monitoring engine 134 is configured 1o measure
quality ol experience ol ad playback using ad player 112, In

some cmbodiments. the ad moniloring engine 1s integrated s

with the ad plaver. In some embodiments, the same expe-
rence measurements and metrics made for content plaved
using the video player (e.g., performance metrics, engage-
menl metrics, local stale information). as described above.
are also made for the ads that are played with the conlent.
For example, ad quality playback information such as buft-
ering events, bitrates, start times, join times, etc. with respect
1 the playing of an ad may be measured. Summary/
aggregale inlormaiion based on (he ad quality playback
measurements may also be computed, such as rebuflering
ratios, average bitrates, etc. In some embodiments, other
event information, such as ad requests, ad failures, ad
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abandonments (e.g., a user closed the plaver application
during the ad), ad skips. ad blocks. ad completes. cle. are
also deteeted and recorded or otherwise oblained. In this
cxample, the ad monitoring engine is conligured lo provide
the experience measurements made with respect 1o ads
plaved by the ad plaver to plattorm 138.

In addition to measuring (he playback experience and
cngagement [or the ad, the ad moniloring engine may alse
obtain other measurements about the ads that were playved,
such as ad load information, including the length of an ad
break, the position of the ad break (e.g., pre-roll or mid-roll),
cle. Measurements associaled with pods (which may include
mulliple ads) may also be determined. such as pod duration,
the position of the pod relative to content {(e.g., pre-roll or
mid-roll), ete. Such additional measurement information
may be used o perlorm [urther analylics. as will be
deseribed in [urther detail below.

In some cembodiments. clienl atlributes/paramelers are
also obtained, such as device Type (e.g. desktop, mobile
device, etc.), operating system (e.g., 108, Android, Win-
dows, cle.), user agenl, Internel Protocol (IPY address, geo-
location, cle. Such client atiribuie information may be
associated with the ad/content measurement information
{e.g., added 1o the intormation or otherwise linked to it, for
example, via a client application identifier, session identifier,
andior ad idenlifier). Such client atiribute information may
be used o [urther segment measurement data and compuded
metrics (e.g., breaking out ad tailures by the atribute of
device type), as will be described in firther detail below.,

In this example. the ad player has knowledge of the ad that
was played by the ad player (e.g., has access (o inlormalion
identilying the ad that was played) lor the requested content.
In some embodiments, the ad player is also configured 10
obtain metadata associated with the ad that it is playing. For
cxample, when the ad player communicates with ad server
114 1o oblain the URLs lor a set ol ads 1o be played. the ad
player also oblains. rom the ad server. metadata aboul the
ads, such as an identifier of an ad (e.g., vnique identifier), the
creative name of the ad, the agency that served the ad, the
campalign that the ad was a part of. rules associated with the
ad, cic. Such information associated with an ad is relerred 1o
herein as “ad metadata.” Metadata information about the ad
may also be derived. For example, in client side ad insertion,
the client is configured to insert ads into the video stream.
The ad player may derive or extract the identilier ol the ad
from the URI. Tor the ad {c.g.. the URI. siring may include
the identifier for the ad, and the ad plaver is configured 10
extract the identifier trom the URL string). In some embodi-
menis, the extracted identifier is (hen used (o query the ad
server. which returns additional corresponding metadata
inlormatiom aboul the identified ad.

In some embodiments, the plavback experience measure-
ments for an ad are associated with the additional metadata
inlormation about the ad collected Trom the ad server. "The
combined inlormation is then sent (o platform 138.

In some embodiments, the ad information is associated
with an identifier of the session in which the ad was played.
(ther information, such as timestamp information abont
when ads were played and when content was played. is also
provided 1o backend 138.

For example, in some embodiments, the information
collected by the content monitoring engine and the ad
monitoring engine are lagged with unique identifiers. lior
cxample, every conlenl playback session and ad playback
session may be associated with a unique identifler.

As one example, each client player application may be
associated with a client application identifier (CID). With
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each client application, each content or video plavback
session may [urther be associaled with an identifier (session
identifier, or 81133, One example ol a session identifier is a
random number. The content or video playback scssion may
then be vniquely identified by the combination of CID and
SID.

Typically, when an ad 1s played, the content video session
associaled with the ad has already been created (because the
ad is vsually triggered by a viewer that wishes o wateh a
particular video), and thus, when an ad is plaved, intorma-
tion about the corresponding video session is already avail-
able (e.g., 8113 and CIY ol the content playback scssion
during which an ad is played). In some embodiments. the
formation collected by the ad monitoring engine with
respect 1o the plavback of an ad is tagged or otherwise
associaled with the uniquely identifliable combination ol
<2112, 811X= of the corresponding content playback sesslon.
l'or example, lor every evenl and measurement associated
with the ad, the vnique combination of <iCID, SID> is added

10 the attributes of the event/measurement. Further, in some 2

embodiments, [or every ad playback session. the combina-
tion of <CI113, 8113 for the content being played is added o
the video atiributes of the ad plavback session. Thus, infor-
mation associated with an ad, such as ad plavback quality
information and event information, is associated with the
unique identifier of the corresponding content playback
session, and thus, in some embodiments, based on the
tagging, the ad related information is correlated with the
content video session for which the ad was plaved.

In some embodimenis, the ad metadata information 3

obtained by the ad player is also lagged with the unique
identifier combinaiion ol <CI1123, 81>

Asg will be described in further detail below, ad plavback
quality, ad metadata information, and content plavback

quality may be corrclated through the use ol such identifiers. 3

In some embodiments, the collected information relating
1 ad and content played on the client is assoclated with
Timestamps indicating when the information (e.g., ad events,
ad video session, content video session related information)
was collecled. As will be deseribed in Turther detall below.
in some embodiments, such timestamp information may be
used as a heuristic to inter correlation between ad related
ntormation and information related to a particular content
plavback session.

Plailorm 138 is conligured 10 ingest the collected infor-
mation o provide analylics o delermine insights into the ads
that were plaving. As will be described in further detail
below, plattorm 138 is configured to correlate the different
sels ol content playback quality information, ad playback

quality information, and ad meladata, Varlous (ypes ol s

processing may then be performed on the correlated data.
For example, platform 138 is configured 1o determine met-
ries such as difference metrics (for determining the differ-
ence in qualily belween ads and correlated content). ad

[unnel metrics. and ad latigue metrics. "The imformaltion may s

also be uvsed to measure and diagnose ad playvback experi-
ence. Further details regarding platform 138 will be
described in further detail below in conjunetion with FIG. 2.

In some cmbodiments. the various example entitics
shown in the example environment of FIG. 1AL such as
content provider 102, CDN 108, ad server 114, CDNs
128-132, client 104, and correlation and analysis platform
138 communicate wilh cach other over a network such as the
Inlernet.

Server Side Ad Insertion

FIG. 1B illustrates an example embodiment of an envi-
ronment in which ad information is collected and analvzed
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in a server side ad insertion scenario. In server side ad
insertion, in conirasi o the client side ad inserlion scenario
deseribed above in conjunction with FIG. 1AL ads are
pre-inserted inlo the contlent by an enlity external (o the
client content plaver.

In the example of FIG. 1A, the ¢lient includes an ad player
configured 1o manage requesting and plaving of ads. One
cxample challenge ol having ad players nstalled on clients
ig that it may be dillicult o maintain those client players,
such as (ixing bugs, improving the ad players, cle., which is
compovnnded by the disparate tvpe of client devices that may
be in use.

In the example server side ad insertion as shown in FIG.
113. the [unctionality provided by the ad player of client 104
is moved oul ol the client and instead included in a new
component. ad inserlion server 152, [n some embodiments,
the ad insertion server is configured to communicate with ad
server 114 and the video player 110 at client 104,

In this example, when the video plaver of client 104
requests a manilest [ile o play a requesled video (c.g.. an
IS manilest file). instead ol the video player being
directed (e.g. by a CMS) 1o CDN 108 1o oblain the video
manifest file, the video plaver is instead directed 1o server
side ad insertion server 152.

The ad insertiom server is conligured 1o oblain the appro-
priate manilest e (i.c.. the manilest fle for the requested
conien() from CHDN 108, As described above. a manilest file
includes a list that is a series 0f URLs to chunks 1o be played
{e.g., where the chunlks, when plaved sequentially, form the
entire content). The ad server is configured 1o determine
where an ad should be played. and then dynamically modi [y
rewrile the original manifest [le by replacing or inserling
URI s 10 the ads among the content chunk URI s at appro-
priate locations among the content chunks (e.g., at the time
locations where ads are 10 be plaved such as at the beginning
or during the content). The original content clunks (the
URI s 1o the conient chunks) are not modilied.

Ad insertion server 152 then provides the video player the
modified manilest [ile. which includes the locations (c.g.,
URLs) of the video chunks that together constitute the
requested content.

The revised manifest file, with ad chunks dyvnamically
included/inserted among the original content chunks. is (hen
provided 1o the video player. The video player is (hen
configured to obtain the chunks vsing their corresponding
URLs listed in the manitest file, and sequentially play the
chunks. In this example. [rom the video player’s perspee-
live. it i playing a series of video chunks. irrespective ol
whether the chunk being played is lor an ad or lor the
content requested by the vser of the client. This is in contrast
to the example of FIG. 1A, where an ad plaver is configured
lo play chunks belomging o ads. and the video player is
conligured 1o play chunks belonging 1o content (hecause the
ad plaving is separated trom the content plaving). In the
example of FIG. 1B, the video plaver plavs both ad and
content, without switching to a different plaver 1o play ads,
as in the example ol UIG. 1AL

In some embodiments, the video player is conligured 1o
identify when an ad is plaved. For example, an identifier or
tag indicating that an ad chunk is being plaved may be vsed
o allow the video player o delermine thal an ad is being
played. As one cxample, a marker in an T8 manilfest e
called a “discontinuily lag™ indicales 1o the player when the
next chunk will be from a different video, such as an ad.
Based on the indication of an ad being plaved, the video
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plaver may prevent a viewer trom sldpping the ad (e.g., by
disabling the ability 1o perlorm skipping when playing an ad
chunk).

In some embodiments. the ad monitoring engine is con-
figured 1o collect quality and event information associated
with plavback of an ad as described above. For example, the
video player may delermine when an ad is playing. and the
ad moniloring cngine is conligured Lo measure ad quality ol
experience metrics (e.2., when ad started or ended, butter-
g, startup time, pod metrics, etc.).

While the client may know that an ad is being plaved and
be able o measure quality/perlormance information Tor
what the client knows Lo be an ad. in this example. additional
metadata information about the ad (e.g., ad creative name,
campaign, rules/policies  associated  with  campaign,
upstream CION. agency CDN, cle.) may nol be available lo
the video player. 1L would be benelicial w0 associate moea-
surcd ad playback quality with additional metadata about the
ad, in order, for example, to further analyze and understand

the quality of ads with varous attributes. Further details 2

regarding oblaining such ad metadata. which may reside on
4 dala store separate [rom the client, and correlating such ad
metadata with quality measurement intormation taken on a
client will be described in further detail below.

In some embodiments, unique content/session identifiers
(t.g.. where (he clientfapplication session identifier may be
emboedded in the manilest [ile andfor oblained rom the
client plaver application) and unique ad identifiers (e.g.,
where the ad identitier may be extracted trom a URL 10 an

ad chunk in the oblained manilest (ile) can be used 10 oblain 3

ad metadata informalion. As one example communication
prolocol. [rom the client, an identificr ol an ad may be
included in a cve point. In some embodiments, a cue point
is a metadata element that contains a timestamp at which the

swilching belween (wo video chunks should occur. The ad 3

identifier may then be sent 1o platliom 138, "The backend
platlorm may then perlorm a look up (e.g., by performing a
query vsing the ad identifier), of the ad server 114 and/or ad
insertion server 152, and retrieve the relevant metadata
associaled with the queried-lTor ad identifier. In other
embodiments, the ad monitoring engine is confligured (o
communicate with and query one or both of ad server 114
and ad insertion server 152 to obtain the additional ad
metadata information. As another example, the vnique con-
tentfsession identifier embedded in the manilest [ile may
also be used 1o query the ad insertion server o delermine
what ads were inserted by the ad insertion server for the
video playback session. The ad metadata, identified by a
correspomding ad identifier. may then be correlated. mapped.

or otherwise associaled with the content {(which is identified s

by a corresponding unique identifier).

In some cases in the server-side ad insertion scenario, the
content player on the client may not have knowledge of what
ads were played during the session (e.g.. the client may not

have aceess w0 the ad identifiers of the ads that were played). s

However, such knowledge mav be available to the ad
ingertion server, which knows what ad segments it inserted
inta the content video stream for a plavback session. In some
embodiments, in order o determine what ads were played
lor a session. the sessiom identifier is obtained. The ad
ingertion server is queried vsing the session identifier. Based
on the query, the ad insertion server returns the ad identifiers
ol the ads that it inscried into the content for that sesslon.
Thus. the ads that were played lor a scssion may be
identified. In some embodimenis, ad metadala associated
with the ads is also returned by the ad insertion server. I[f ad
metadata is not returned by the ad insertion server (but the
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ad identifiers are returned), the ad identifiers returned by the
ad inserlion server may be used o make additional network
requestiremote querics for ad metadata (e.g.. by querying the
ad server). These additional calls are used w0 oblain the ad
metadata, which can then be correlated ad plavback quality.

In some embodiments, the ad metadata is tagged with the
unigue combination of client application identificr and video
content session identifier. and thus the metadata for ads
plaved during the content session may be mapped 10 ad
plavback information and the particular content session.

In some embodiments, as in the example of FIG. 14, the
inlormation collecled by the client related o content and ad
playback scssions may be lagged with a unique idenltificr,
such as a combination of client application identifier and
video session identifier. Timestamp information may also be
associaled with the collected information. Such identifiers
and limeslamp information may be used lo correlale ad
related inlormation (e.g., ad playback quality and ad meta-
data) with content related information (e.g., content play-
back quality), as will be described in further detail below.

Correlating Content Playback, Ad Playback, and Ad
Metadata

FIG. 2 illustrates an example embodiment of a system for
correlating and analvzing ad and content information. In
some embodiments, system 202 is an example embodiment
ol platlorm 138 of UIGE. 1A and 1183, In one example
cmbodiment, platform 202 is implemenied using Spark!
Scala. In the example shown, syvstem 202 includes video
metrics processor 204, ad metrics and metadata processor
206. and correlation engine 208.

Video melrics processor 204 is conligured 1o delermine
playback quality metrics lor video sessions, including con-
tent plavback sessions and ad playvback sessions. In some
embodiments, the determined metrics ineclude quality met-
rics which are individually compuled lor ads and content. In
some cmbodiments. the quality metrics for the ad and
conlent playback scssions are computed using the raw
content quality/experience measurement data collected by
clients (e.g., by content monitoring engines and/or ad moni-
loring cngines, as deseribed above). In various embodi-
ments, qualily ol experience melrics include bullering,
bitrate, startup time, etc.

Ad metrics and metadata processor 206 1s configured 10
determine metrics associated with ads, as well as collect ad
meladata. In some embodiments. the metrics computed by
the ad metrics processor are separale [rom those metrics
determined by the video metrics processor that are related 10
the quality of the plavback of an ad.

In some cmbodiments. the ad metrics include metrics
associaled with ads and ad pods, such as the duration of
ads/ad pods. ad abandonment. ratio ol ad pod actual duration
to planned duration, number of ad pods per video session,
etc. Another example of a wetric computed by ad metrics
processor 206 includes ad [aligue metrics, which will be
described in Turther detail below.

In some embodiments, the ad metrics processor is con-
figured to collect ad metadata information. As described
above, the ad metadata information may be collected by
platform 202 by querying data sources such as an ad server
andfor ad inseriion server. In other embodiments, ihe ad
metadata information may be obtained from a client (e.g., ad
monitoring moduole instantiated on the client) that has per-
formed the queries 10 an ad server and/or ad insertion scrver.

Correlation engine 208 is conligured 1o correlate ad and
conient related information. As described above, various
types of data, such as ad plavback quality information,
content plavback quality information, and ad metadata infor-
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mation, may be obtained or collected from various sources,
such as ad players, conlent players. and ad servers. Corre-
lation engine 208 is confligured Lo correlale the dillerent dala
scls, which may be oblained from the various disparale
sources described above, In some embodiments, correlating
the ditferent sets of data includes determining what ad and
content information are associaled with cach other {c.g.
determining whal ads were triggered by the playing ol what
requested content item). This may include determining what
ad and content information are part of the same session on
a client.

In some embodiments, correlation of the quality ol ad and
content playback om a client is perlormed. This may include
correlating the quality metrics determined for a particular set
of ads with quality wetrics determined for a particular
content ilem. ‘The quality metrics may include those deter-
mined by video melrics processor 204 andi/or quality moea-
surements collected rom a client such as client 104, lor
example, the quality measurements made for playvback of
content by a video plaver on a client and the quality
measurements made for playback of an ad by an ad player
on the client may be corrclated with cach other (playback
quality for content and ads playved by a same video plaver,
as shown in the example environment of FIG. 1B, may also
be correlated using the techniques described herein).

In some embodiments, correlation of the quality ol ad
playback on a clienl and ad metadata information is per-
formed. In some embodiments, the ad and content plavback
quality information that is correlated includes the measure-

ments collected [rom a player andfor the qualily metrics 2

computed for ads and content by video metrics processor
204. The ad metadata information may include information
collected by ad metrics and metadata processor 206 from
sources such as an ad server and/or ad insertion server. For
example. an ad player may provide ad quality information.
a URL. for the ad, an ad identifier. cle. An ad server may
provide ad meladats  inlormation including campalgn.
upsiream ad servers, policies or rules that are associated with
ads, etec. Correlation engine 208 is configured 10 correlate
such data [rom the server and adivideo player. such that
measurements [rom both ends of an active playback session
(e.g., client application side and ad server side) may be
performed, where the two different data sets from two
different sources may be integrated by correlating them with
cach other.

Ag one example. ad metadata inlormation obtained [rom
an ad server, such as ad creative name, campaign name, eic.
may be associated or correlated with quality information for
a particular ad thal was played on a client player application

(L., inlegrating logether data collected [rom (he client with s

data collecled [rom an ad server). The ad quality playback
intormation and the ad metadata information may be corre-
lated based on obtained ad identifiers. Various metrics may
be compuded based on the correlation ol application side and

ad server side data, such as [ailure rale by campaign, [ailure s

rate by ad server, ete.

In addition to correlating ad plavback quality with content
plavback quality and correlating ad playback quality with ad
metadata inlormation, content playback quality may also be
correlated with ad metadata inlormation.

Ag described above, ad plavback quality intormation,
content plavback quality information, and ad metadata intor-
mation may be collected [rom various sources such as client
applications and ad servers. Correlation engine 208 1s con-
figured to determine whal dala in the collected dalta is related
10 each other (e.g., associated with the same plavback
session).
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The correlation of the data sets may be pertormed in a
variely of ways. which will be desceribed in Turther detail
below.

Correlation 13ased on Identiliers

In one example, the correlation is based on session
identifiers. For example, ads and content that have the same
session identifier are associaled or corrclated with cach
other.

For example, as described above, in some embodiments,
ad plavback information, ad metadata information, and
content plavback intormation may be tagged with the same
combination of client application identifier (C113) and video
session identifier (81103, where a video session is uniguely
identifiable by the combination of CID and SID. The ads that
were playved during the video session are assigned the same
combination o CII/8I1Y as the content that is played during
the session. That data {e.g., ad playback quality, conient
playback quality, and ad metadata data sets) which shares
the same combination of client and session identifier is
correlated or otherwise associated with each other.

One example of a correlation algorithm that uses 1denti-
fiers to correlale ads o video sessions associated with the
ads is as follows. In this example, each video session is
associated with a corresponding vnique identifier. For
example, each client application may be associated with a
unique identificr (where the clicnt application identifier is
relerred (o as a “CHY7 Within cach client application, a
random number is assigned for each video session (also
referred to herein as a “session identifier” (SID)). A video
session would then be uniquely identified by the combina-
tion ol Cl1Yand 81D, Typically. for every ad, a video session
associaled with the ad has already been created (Lypically,
the ad is triggered by a viewer who wishes 1o watch a
particular ¥ideo, hence, the intormation regarding the video
session should be available), and thus, the ad may he
associaled wilh the video session idenlifier.

l'or every evenl associaled with the ad. (the content video
<CID, SID= is added to the event attributes. For every ad
video session, the content video <CID, SID> is added to the
video altributes of the ad video session. With these associa-
tions, ad relaled information (c.g., cvenls. video session,
efc.) may be correlated with a corresponding content video
session (e.g., that triggered the request for ads).

In some embodiments, if a client application identifier is
available or used. all conient video sessioms, ad video
sessions, and ad events ol the same client application would
have the same CID, and in some embodiments, only these
content video sessions, ad video sessions, and ad events are
correlaled within the same client application.

Correlation 13ased on [euristics

In some cases. correlation based on 1dentiflers may not be
available, For example, when a pre-roll ad starts, the content
video session that is triggering the ad mav not vet have
starled or be known. In some embaodiments, heurislics can he
used 1o corrclate ad events/ad video session 1o the conlent
video session. As one example, if an ad is a pre-roll ad, then
events and the video session associated with the ad will be
associated or correlated with the next content video session
il the comtent video session is nol oo far oll {c.g.. (cmpo-
rally) [rom (he ad events and the ad video session. lior
example, if an ad has a timestamp indicating that it was
plaved just prior 10 a particular video content item (e.g.,
basced on timestamp of the end of ad playback is just prior
Lo timestamp ol the start ol the playback ol the requested
conlent), then it may be determined that the ad is a pre-roll
ad that is associated with that content item. Tlws, compari-
son of timestamps associated with ad and content playback
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may be uvsed o determine whether an ad is correlated or
associaled with content in a parlicular playback session. In
some cmbodiments. upon determining that an ad 1s associ-
aled with a particular content playback session, the infor-
mation associated with the ad (e.g., quality information)
may be tagged with the <<CID, SID= of the unique content
plavback session.

Correlation based on both identifiers and heuristics may
also be perlormed. As one example. in sporls conlent.
multiple parallel video sessions may be played. lor example.
allowing a viewer to watch multiple games from the same
plaver. While the application level id may be known, the
individual session ids tor the ads may be different. While the
client id can be used Lo associale ads with content. heuristics
such as a limestamp may [urther be used (o determine. at a
decper level ol granularity. thal an ad is correlaled or
otherwise connected or matched with a particular session.

In some embodiments, the relationship berween corre-

lated ad plavback quality data, content plavback quality »

datla, and ad metadala s cstablished using lorcign keys. As
one example. the metrics values and metadata oblained lor
ads and content may be stored in different tables. The
different tables mayv be related, for example, vsing client!
video session/ad identifiers as foreign kevs. For example, in
some embodiments. information aboul ads may be stored Lo
an ad table, and inlormation aboul conlent may be stored Lo
a table for content. In some embodiments, the combination
of the client identifier and video session identifier is used as

the [oreign key in a table for ads, indicaling that a specilic 3

ad is Tor that particular video session on thal pariicular
client. "T'he Toreign key made up of the combination of the
client identifier and session identifier may be used to link an
entry of the ad table to an entry in the table for the content

where the metrics and metadaia related informaiion of the 3

that video session on that client are stored.

In the above example. correlation is perlormed on a
backend such as plattorm 202, Correlation may be per-
formed either in the plaver or at the backend. As one
example ol correlation being perlormed on the client, the
player deployed on the client may be conligured o oblain
the ad metadata intormation from an ad server during a
session. The plaver then correlates the information obtained
from the ad server with the ad playback and coutent play-
back quality inlormation. The correlated data sel {e.g., data
sels (hat are linked by session identifiers or heuristics or any
other appropriate correlation technique at the client) may
then be sent to a backend such as backend 138 or analysis
platlorm 202 (c.g.. 1o compule metrics. provide dashboards/
reports, ele).

Based on the processing described above. platlorm 202 is
configured to provide various types of output, such as
metrics and reports, which will be deseribed in turther detail
below. For example. metrics may be determined based on

the corrclation o conlent quality playback information. s

advertisement quality plavback intormation, content meta-
data information (e.g., content name, content Tvpe, content
genre, etc.), ad metadata formation (e.n., ad name,
upsiream CN, associated ad agency. associaled campaign/
rule, cley, client attribule informalion. ele.

Metrics

In some embodiments, platform 202 is configured to
determine metrics based on the correlation. Three example
classes of melrics thal may be computed by platform 202
include dilference metrics. ad [unnel metries. and ad latigue
metrics which will be described in further detail below,

Difference Metrics
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In some embodiments, after correlation of ads and con-
tent. differences in the video quality metrics compuled lor
the correlated ad and content. as described above, may (hen
be determined.

In some embodiments, qualitv/experience difterence met-
rics include consistency metrics for determining consistency
between content and ads (e.g.. that have been correlaled with
cach other using correlation engine 208). lor example, the
difference between metrics for content plavback and ad
plavback computed by video metrics processor 204 may be
determined (e.g., by subtracting the ad quality playvhack
metric values [rom corresponding content qualily playback
melric valucs. or vice versa).

In some embodiments, the consistency metrics include
metrics for the differences in experience or quality metrics
between an ad and content, such as the dillerence in bitrate
between an ad and corresponding conlent, the dillerence in
rehuflering between an ad and content {Le., difference
metrics between ad and content), etc.

In mediums such as television, where, because ads and
conlent are encoded in the same way, there is typically no
dillerence in quality between ads and content. [lowever. in
a confent distribution environment in which content is
delivered over a network such as the Internet, the quality
between content and ads may differ based on the manner in
which they are encoded, the infrastructure over which they
are delivered, ele. {where content and ads may be delivered
in different ways from different sources). By determining
insights into the impact of ads on content viewing, the
dillerence metrics may be used Lo improve the quality and
experience ol online video streaming.

Additiomal examples ol metrics computed based on cor-
relation of ads and content follow.

One example metric is ad consumption per content item.
This may include the number ol pre-roll or mid-roll ads per
conlent assel (e, the number ol pre-rollfmid-roll ads
played lor a particular episode ol a show). Another example
of ad consumption per content item the amount of ad play
time across content item(s). For example, the number of ad
seconds lor all basketball games may be determined.

Anolher example ol a metric is resoluliondbit-raic mis-
mateh between an ad video and correlated content video.
One example of a definition for such a metric is the average
bit-rate of the ad played versus the average bit-rate of the
conlent item.

Anolher example of a metrics that may be defined based
ol the correlation of ads and content is the buffering ratio
difference between the ad video and the content video.

Anolher example ol a metric that may be defined based on
the correlation ol ads and content is the video lailure (rate)
for an ad associaled with a particular conlent item.

Another example of a metric that may be defined based on
the correlation of ads and content is the video start up time
for content associaled with a particular ad.

Ad lunnel Metries

Another example class of metrics 15 ad tonnel metries.
FIG. 3 illustrates an example embodiment of an ad funnel.
In some embodiments, the ad tfunnel illustrates the different
interactions (hat are ocewring when delivering ads. repre-
sented as a lunnel from the lotal opporlunily o play ads (lop
of funnel 302) to what ads were actually completed (bottom
of funnel 312). As will be described in further detail below,
drops in ads in (he funnel may be due various reasons. such
as policics, lechnical [ailures, cle., where drops in the ads
may represenl lost monetization opporlunilics.

In some embodiments, the total ad opportunity (302) is
the number of ads that could have been placed given the total
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audience that had been available. For example, the platform
can determine. for the previous month, the lotal number of
ads that could have been placed given the viewership on the
content provider lor thal month. as well as the ad stralegy
that was set up by the content provider (e.g., three pre-roll
ads, four mid-roll ad breaks with three ads each, etc.). Based
on the ad placement/load strategy and the viewership of
every viewer thal walched a video and how long they
walched (he video, the total opporlunity Lo place ads for the
last month {or any other appropriale period) may be deler-
mined. In the example of FIG. 3, there was an opportunity
10 place one million ads last month given the number of
people watching video and the number of ads for which
allempts were made o be played per video.

In this example. the measurement of the completed ads
312 is (he number of ads that actually completed their
viewing. In this example, five hundred thousand ads com-
pleted of the one million ads that could have been placed.

In this example, the ad funnel includes various stages
helween the opportunily and completes. For example, while
500,000 ads completed, in actuality, it is measured {c.g..
from raw experience data collected for plaved ads) that
600,000 ads started (310). Thus, it may be determined that
100,000 ads started, but never finished plaving—tor
example. a viewer abandoned a video stream or session
during that ad.

In this example, of the 1,000,000 ads that could have been
plaved, requests (304) for 500,000 ad plays were made 1o the

ad server. Thus. it may be determined that there are 100,000 3

ads that were nol requested. due 1o, [or cxample, an ad server
nol receiving request messages [or those 100,000 ads {(c.g..
due to network issues, issues at a client, issues at an ad
server, a breakdown between plaver and server, or other

lechnical issucs). In some embodiments. platlorm 202 15 3

conligured 1o oblain information from an ad server (e.g.. ad
server 114 of FIGE. 1A and 113) regarding (he number ol
requests the ad server receives, as well as the number of
responses to the requests that were provided. In some
embodiments, the ad requestresponse information is asso-
claled with limestamps, which can be used 1o segmenlt dala
temporally,

In this example, the responses 306 include the number or
count of valid ad responses that playvers received from the ad
server. lior example. an ad server may be conligured with a
policy that specilics that pre-roll ads are not (o be played lor
a particular type of content. In this case, while there was an
opportunity to play an ad, dve 1o the policy, an ad was not
provided in response Lo the request. As another example, a

response (e.g.. URLL 1o ad) may not be provided (o a request s

il there are insullicient ads (o play (e.g., the response o the
client tfrom the ad server is null}—thus, while there was an
opportunity 1o play an ad and a request to play an ad was
received by the ad server, there was no ad (o play, and the
opporiunity (o play an ad was lost.

In this example, the play requests 308 indicate the number
of requests recerved by CDNs (e.g., CDNs 128-132 of FIGS.
1A and 1B) 1o play ads (whose URLs were included in
responses o clients). The difference between the C1ON play
requests and responses may indicale, lor example. that while
800,000 responses were provided by the ad server, only
700,000 ad requests were received by ad CDNs from client
ad players (g, due to client players nol recelving the
responses [or 100,000 ads, requests rom the client o the
CION lor an actual ad having been dropped, ele.). In this
example, the difference between the play requests and starts
310 may indicate the humber of ads that tailed 1o start, for
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example, dve to failures at the CDN that prevented the ad
from being delivered Lo a requesting client.

Thus. using raw measurements collecled [rom various
cntilies in the online ad delivery ccosystem, [ailures or
issues in those entities or components in delivering ads may
be identified.

Ad latigue Melrics

A third example class of metrics thal may be determined
by plattorm 202 is referred 10 herein as “ad fatigue metrics.”
Ewven if'all ads that were requested or could have been plaved
did indeed play correctly, with consistent high quality and no
lailures. there may sl be an issue with the ad load (c.g., (oo
many ads were played). leading (o people abandoning video
sessions.

FIG. 4 illustrates an example embodiment of a plot of a
number of ads played versus views (c.g. the number of
viewers thal walched conient. or the number of content items
that were played). The ad load (c.g.. number of ads played
during ad breaks in content) may impact the number of

25 viewers of content, where there is a tradeoff between the

number ol ads played and content viewcership. lior example,
il many ads arc played. then viewership will deerease. as end
vsers avoid watching content for which a large number of
ads are plaved. Thus, even though many ads are played, ad
revenue is low due to fewer viewers watching the ads (where
conlent providers are paid based on the ad being viewed).
[lowever. while playing lfewer ads may resull in more
viewers, the playing of fewer ads will result in less ad
revenue, Using the raw measurement data collected by
platform 202 with respeet o content and ads, platform 202
may delermine an oplimal point 402 between ad load and
viewership that maximires. lor example, revenue (i.e., deter-
mining an ad load that is associated with a number of
viewers that maximizes revenuve—more viewers watching
more ad load leads (o increased revenue). Thus, an optimal
ad stralegy can be determined (hal raises the opportunily 1o
play ads.

In some embodiments, the optimal ad load is determined
based on metrics and measurements associated with aban-
donment of video sessions (c.g.. closing ol a video session
due to the user closing a video player, ele.). Abandonment
may be analvzed according to various dimensions, such as
ad location/position (e.g., pre-roll or mid-roll), tvpe of ad,
duration, etc. For example, asbandonment rate of video
sessions may be analyvzed based on the Tocation ol the ad.
The abandonment rale may also be analyzcd based on the
duration of an ad break (which may be measured based on
the start and stop times for ad breaks obtained from an ad
monitor). Thus. lor ecxample, platform 202 may delermine
the abandonment rate of a 120 second duration ad break
{which may include multiple ads) versus (he abandonment
rate for 30 second ad lreaks. The drop off' in abandonment
rate may be determined and in turn vsed 1o determine a range
ol duration within which lo maintain a specilic ad break/pod
load to reduce the abandonment rate lor a video session. Ag
another example, using the techniques described herein, for
an average video play, the number of ad pods that were
actually plaved may be determined.

In some embodiments. an oplimal ad strategy (c.g.. ad
load  ad break duration, number ol ads per ad break, ele.)
may be determined based on A/B testing and collecting
experience metrics and measurements regarding content and
ads associaled with the A/ Lesling,

As one example. an A3 (esl with dillerent ad loads may
be perlormed, where 30%: ol sessions had two ads per break,
and the remaining 30% of sessions received ad breaks with
three ads. The nhumber of ad breaks or pods per play, as well
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as the number of plays/views are measured and determined.
The total number of ads that were played between the two
groups arc then also determined. These three metrics may
then be used w0 determine abandonment rales [or the two ad
load strategies. Based on this determination, an optimal ad
load (e.g., either two or three ads) may then be determined.
In some embodiments. the content provider controls ad
playback (c.g.. delines the A3 westing groups using rules.
policies, etc.), where platform 202 provides analytics to
measure the A/B testing (e.n., via an API that provides
wstructions to platform 202 that allow plattorm 202 to
identily whal test groups are being measured).

lor example. suppose that based on the A/3 lesting. it is
determined that by plaving two ads per breal versus three,
a 40% inerease in viewership is measured. While per plav ad
opporiunity may be lower. the otal audience is higher due
1o more people walching. thereby overcoming or compen-
saling lor the lewer ads played per session.

Thus, as described above, A/B testing may be performed
1o test different ad strategies. As another example, for the
same conlent item. the lollowing stralegics may be tested:

(1) have pre-roll ad(s), and have one mid-roll ad

(1) have no pre-roll ad(s), and have three mid-roll ads

When facilitating the A/B testing, viewers can be ran-
domly assigned to (a) and (b). The performance metrics
regarding ad consumplion may then be compared lor the two
Lest groups Lo determine which ad stralegy resulls in betler
performance.

In some embodiments, ad load strategies may be defined

lor different comlexts, such as different ad stralegics lor 3

different types of content. different types of devices. differ-
enl genres, 4l a per conlenl ilem granularily. cle. For
example, it may be determined that three ads per break is
optimal for one show, while two ads per break is optimal for

a dillerent show duc o different audience sensilivily. In 3

some embodiments, such ad stralegy conliguration is based
al least n part on metadata information (e.g., genre. show.
asset title, device type, ete.) collected by plattorm 202 from
content plavers about views/sessions. Different ad stratepies
may be determined for different dimensions or combinations
ol dimensions {c.g.. tailor ad strategics for different conlexts.
such as on a per-view/session basis).

Thus, uwsing the various classes of metrics described
above, ad strategies may be oprimally adjusted and ad
delivery Issucs may be identificd lor resolution. improving
the consistency ol ad delivery. 1o ullimately maximize the
number of ads that are plaved. Other benefits include an
increase in ad monetization as well as improvements in ad
invenlory management {c.g.. delermining or lorecasting or

predicling an appropriate number of ads 1o maintain in s

invenlory). For example. using the metrics delermined by
platform 202, changes to rules or ad campaigns may be
made. As another example, an identification of taults in ad
servers, ad C1Ns. ele. may be identified. Vailures in specilic

ads may also be determined (c.g., by determining high s

buffering for certain ads), allowing such ads to be removed
until they are fixed. In some embodiments, alerts may be
sent out which identify such failures. Using the ad fatipue
metrics and Al3 testing, policies may be tuned or conligured
lor dillerent contexts. such as dillerent types of conlent.
Various actions may be taken based on the results of the
analytics.

Another example of a melric is one (hal compares
expecled/planned pod duration versus actual pod duration.
lor example. while an ad pod may be planned lor 90
seconds, It may, i actuality, take 100 seconds 1o play, for
example, due 1o buttering of ads. By understanding the
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difference berween actal pod duration versus planned dura-
lion. improved strategy decisions may be made when deter-
mining whether Lo play the 90 second ad pods. Further, such
dillerences may be [agged. with appropriale administralors
notified, so that they can further investigate why the 90
second ad pod is taking 100 seconds 1o play, and take steps
Lo bring the actual pod time closer Lo the planned pod lime.
lior example. quality of cxperience metrics associaled with
the ads in the ad pod, such as butfering, startup time, ete. can
be viewed with the ad pod, and vsed 1o determine what
caused the longer actwal pod time (e.g., due to a particular
ad taking 10 scconds Lo start).

Various dashboards and reports may be provided as oulpult
by plattorm 202 based on the analysis and evaluation
described above.

Dashboards and Reports

Based on the processing perlormed by platform 202,
various dashboards and reports may also be generated.

FIG. 5A illustrates an example embodiment of' a report for

20 real time ad insights. As shown in the example, real time

metrics for both ads and content are shown al 502, "This
includes a side by side comparison ol ad and content [or
quality metrics such as concurrent plavs, rebuttering ratio,
average bitrate, and video start time. With this interface, a
vser may easily see how the performance of ads compares
with the performance ol the content with which the ads are
correlaled. lior cach metrie, valucs may be lurther seg-
mented, tor example, by client attributes such as device type
{e.g., desktop, 108, Android, ete.) and region.

AL 504, ad [unnel metrics are shown. In this example,
lurther detailed inlormation [or two portions ol the ad [unnel
{as deseribed in conjunction with FIGG. 3) are shown. lor
example, information regarding ads requested and ads
started is shown.

ALS06, a map ol ads requested is shown. ALSO8. alerts lor
ads are shown. The conditions lor the alerts. such as that ads
lailed, high video slart limes were delecled, ads were
abandoned, ads were failed, etc., are shown. At 510-516,
information about ads that have failed (510), were aban-
doned (512), skipped (514). and completed (516) is shown.
lior cach ol these ad conditions, [urther details are shown,
such as the top ads in each category/condition, as well as
associated measures (e.g., counts).

FIG. 5B illustrates an example embodiment of an analysis
reporl. [n the example ol FIG. 513, inlormation associaled
with ad lunnel metrics is shown. Time series plots lor
various portions of the ad fomnel and ad events are shown
{e.g., the ads requested over time, and the percentage of ads
requesied that failed, were blocked. BI3VE, starled. com-
pleted, cle.). Also shown in this cxample are slalistics
determined lor eventls observed 10 have occwrred with
respect 1o ads (e.g., ads skipped by quartile, ads abandoned
by quartile}.

FI1G. 5C illustrates an example embodiment o an ad
funnel metrics report. In this example. ad Tunnel metrics are
shown, Examples of the computation of ad fonnel metrics
are described above. The ad tunnel metrics mayv be seg-
mented by dimensions such as device type (which may be
included as attributes [or the ad information collected [rom
a clienl application). As shown, the ad Tunnel melirics
include the number or a count of the ads requested, the ads
tailed, the ads blocked, ad EBVS, ads started, ads slipped,
ads abandoned. and ads completed.

Also shown in this example are plots of the ad [umnel
metrics [or the selected device types over Uime. Such plots
allow a vser 10 view a side by side comparison of ad metrics
over time for the selected devices.
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FIG. 5D illustrates an example embodiment of an ad
diagnostics report. Shown in (his example al 522 is a time
scrics plol ol the number o ads that [ailed over time
(aggregaled al onc minule inlervals). Al 524, alerls are
shown. In this example, the alerts are shown for a particular
device. Alerts for different segments mav be selected for
presentation. In the example ol 524, the metric (as failed) lor
which an alert is being sent 1s shown. The alerl was triggered
based on a rule, where an alert is triggered it more than a
threshold percentage (10% in this example) of ads failed
with a certain minimum sample size, The priority for such an
alert 1s also specilied, as well as a cool down period.

The event delails [or an actual event that triggered the
alert (based on satisfving the criteria for the rules of the
alert) are shown, suech as the mumber or percentage or ratio
of ads [ailed. the number ol aclual samples. as well as
timestamp inlormation. An indication (hat a notification was
sent and via whal channel (email in this example) is also
shown.

Shown in this example at 526 is a turther detailed analysis
window lor the [ive minute period in which the observed ad
[ailure triggered the ad [ailure alert. The quality by different
device type is shown, For each device, the percentage of the
total ads requested by the device is shown, as well as the
percentage of ads that failed on the device. The errors which
caused the ad lailures and associaled measurements are alse
shown. The ads requested over a period ol time are also
shown.

FIG. 5E illustrates an example embodiment of an alerts
reporl. In the example shown, nine alerts are shown. Infor-
mation associaled with cach alert is shown. The alerls may
be lor alerts for certain segments of measured data. which
may be filtered by dimensions such as device type, content
Tvpe, geographic region, an ad plavback metric condition,

cle. The name for the observed scgmentiype of alerl s 3

shown al 532, The (ilter used (o oblain the segment of alerls
is shown al column 534. The condition that must be met for
an alert to be triggered is also shown for each type of alert
at 536. The actual values that met the conditions for 1rig-
gering the alert are also shown al column 338, "The time that
an evenl ol the shown typemame oceurred is also displayed
at 540. Various actions may be taken.

Ag shown in this example, by correlating information
about ads with the content during/tor which the ads were
played, as well as matching up ad meladala with the quality
metrics/measurements made Tor ads (hat were played. vari-
ous ad insights may be determined. For example, at 542, an
alert for ads plaved for the content item with the title “The
Martian™ is shown. Using the correlation deseribed herein.

the quality information lor ads thal were specilically played s

dlong wilh “The Martian™ content type may be identified.
The plavback messurements/metrics determined for a
sample of those ads may then be analvzed to determine
whether an alert condition is mel. In this example. an alert

is senl because. for a len minude sample. greater than 3% (an s

example of an alert threshold) of ads tailed. Thus, alerts tor
ads for the specific content item, “The Martian,” may then
be outputted, indicating that there appears to be an issve with
ads that are played wilh the particular content ilem.

Client attribules may also be used 10 Murther understand ad
performance. For example, at 544, a sample of ads plaved
across devices of a specific type (105 devices in this
example) is analyved (o determine whether the pereentage ol
ads that were abandoned exceeds an alert threshold. In this
example. boecause the percentage of abandoned ads for this
particular device tvpe exceeded the threshold of 15%, an
alert was sent, notifving that there is a high rate of aban-
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donment for ads plaved on 05 devices. An operator vser
may then [urther investigate Lo delermine whether there is an
issue, for cxample, with the encoding or delivery of ads 1o
be played on 08 devices. Thus. by performing the corre-
lations described above, ads may be analvzed and filtered/
segmented by various attributes at various levels of granu-
larity.

Ay deseribed above. dala aboul ads and conlent may be
obtained trom three sourees, including a video plaver, an ad
plaver, and an ad server. Using the techniques described
herein, the ability to measure from both ends (ad server and
client) ol an active playback session is provided. where the
data scls oblained from the client and ad server may be
correlated by integrating them together using the techniques
described herein.

FIG 6A s a flow diagram illustrating an embodiment ol
a process for correlating playback inlormation ol video
segments. [n some embodiments, process 600 is executed by
plattorm 202 of FIG. 2. In other embodiments, process 600

20 is executed by client 104 of FIGS. 1A and 1B. The process

begins al 602 when inlormation associated with playback of
a [irst video scgment s oblamed. AL 604, inlormalion
associated with plavback of a second video segment is
obtained. In some embodiments, the first video segment is
an advertisement that is plaved with a video session. In some
cmbodiments. the second video segmenlt is a conlent ilem
requesied by a user [or which the video session is created.
The playback wtormation may be obtained from content
plaver applications on clients. In some embodiments, the
playback inlormation includes playback information such as
metrics computed rom raw measurcment dala provided by
the content player(s) playing the ad and content {or a
monitoring engine configured to make the measurements).
The quality plavback information may also include event
inlormation {c.g., indications ol failure cvenlts). As another
cxample, the playback inlormation may include engagement
inlormation such as a length ol time that (the video segment
has been plaving, a length of time that the client has heen
connected 1o a content distribution network, an amount of
data associaled with a download of the video scgment, a
display mode of a video screen, a viewoer inleraction with al
least one plaver control, and a viewer interaction with the
video segment.

At 606, the information associated with plavbaclk of the
first video segment item s correlated with the inlormation
associaled with playback ol the second video segment. Lior
example, in some embodiments, the correlation of the adver-
tisement and the content item is based on identifiers such as
client application identifiers andior session identifiers. As
described above, the information associated with the content
playback and advertisement playback may be lagged with a
combination of client identifier (CID) (e.g., client applica-
tion instance identifier) and session identifier (SIDY), which
uniquely identifics a comlent playback scssion on a particular
client. The corrclation may also be performed using heuris-
tics such as timestamps. For example, if an ad is determined,
based on timestamps, to have finished just prior to the start
of a particular content item (where the start time for the
conlent item is recorded). it may be inferred that the ad is a
pre-roll ad lor the content playback session. Thus. the ad is
correlated with the particular playback session and content
item. The information associated with both the playback of
the content and the ad may be lagged with the same
combination of CI13 and 8113 upon determining that the ad
i associaled or connected with (e, was played lor) the
video session plaving on the ¢lient. In some embodiments,
correlating the ad and the requested content item includes
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associating an identifier of the session in which the content
was played with an identifier of the advertisement that is
determined 1o have been played in comnection with that
content playback session.

At 608, ovutput is provided based on the correlating. In
some embodiments, it the correlating is performed by the
client. then the correlated inlormation is packaged and sent
logether 1o an analysis platform such as platform 202 lor
further processing. One example output is difference met-
ries. For example, the difference hetween metrics computed
for each of the ad and the content item, which have now been
correlated, may be determined. As another example. the
metrics compuled lor ads and correlated conlent itlems may
be displaved side by side, allowing a vser to compare the
quality of content and the quality of the ads that were plaved
with the content. A comparison ol engagement between the
video segments may also be lacilitated by displaying cor-
related engagement measures side by side. Other examples
of output are as described above.

FIG. 6B is a flow diagram illustrating an embodiment of
a process for correlaling video segment playback informa-
tion and metadata information. In some embodiments. pro-
cess 650 is executed by platform 202 of FIG. 2. In other
embodiments, process 650 is executed by cliemr 104 of
FIGS. 1A and 1B. The process begins at 652 when intor-
mation assoclaled with playback of a video scgment s
obtained. The playback inlormation that is obtained may
clude quality information, engagement intormation, etc.
associated with the video sepment, as described above, In

some embodiments. the video segment is an advertisement. 3

Al 654, metadata inlormation associated with the video
segment 1s oblained. For example. in the case of client-side
ad insertion, the client, which inserts ad segments into the
video stream, may extract an ad identifier from a URL string

used 1o oblain a chunk ol the adveriisement. As another 3

example. the ad identifier is oblained [rom 4 cue point. In
some embodiments. the metadata inlormation is oblained by
querving a remote data store (e.g., remote ad server) vsing
the obtained ad identifier. Metadata information correspond-
ing o the ad identifier is oblained in response o the query.
In various embodimenis, the metadaia information includes
the upstream ad server, an associated campaign, any policies
or rules associated with the advertisement, etc.

In the case of server side ad insertion, the client may not
know what ads were played during the session (where the
cliecnt may not have direel access 10 ad identifiers). The
identity of what ads were plaved for a given session may be
known by the ad insertion server, which inserted the ads into
the video stream for that session. [n some embodiments. Lo

determine whal ads were played lor that session. the session s

identifier is obtained. "The ad insertion server is queried
using the session identifier. The identifiers of the ads that
were plaved for that session are obtained. The ad insertion
server may also returm metadata information associated with

the ads. I not, then the ad identifiers may be used (0 make s

additional queries 1o another entity such as an ad server to
obtain ad metadata information.

At 656, the information associated with playback of the
video segment is correlaled with (he oblained meladala
information. In some ecmbodiments. as described above, a
particular ad (e.g., with a particular creative hame) may be
associated with a corresponding set of playvback measure-
ments based. [or example. on the ad identifier used o oblain.
[rom ihe ad server, the meladata aboul the ad thal was
played. In some embodiments. user behaviordengagement
intormation (e.g., whether a viewer skipped an ad, aban-
doned the ad, etc.) is obtained and correlated or otherwise
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associated with the ad metadata (e.g., tied together with the
same ad. sessiom. andéor client application identificr). Other
ad inlormation. such as ad location/placement relative 1o
requesied comtent {e.g., pre-roll or mid-roll ad). ad playback
duration (e.g., number of seconds or minutes that advertise-
ment was plaved), ad break (that advertisement was included
in) sizefduration. cle. may also be collected and correlated.
Pod level inlormation may alse be collected and correlated.
Based on the correlation, metadata information about an ad
that is obtained from a source external to a client may be
connected with the information about the ad that is collected
by the client.

AL 638, oulput 1s provided based on the correlating. In
some embodiments, if the correlating is performed by the
client, then the correlated intormartion is packaged and sent
logether 1o an analysis platlorm such as platform 202 Jor
lurther processing. As one example ol the outpud thal may be
provided based on the correlation, the inlormation may be
segmented by different metadata dimensions 1o perform

20 apalysis and determine ad insights. In some embodiments,

new melrics may be computed based on the correlation. such
as [ailure rate (example ol a qualily melric) by campaign,
tailure rate by ad server, or any other ad metadata attribute,
as appropriate. As another example, vser engagement/be-
havior with respect to certain ads or campaigns may be
determined (e.g.. higher abandonment when a particular ad
was played). Other examples ol output thal may be provided
include ad fatigue, and load, and ad tunnel metrics as
described above, In some embodiments, alerts may be sent
oul based on an analysis of samples ol ad perlormance
inlormation (which may be lurther segmented by client
attribules, corrclated ad meladala altribules, corrclated con-
tent metadata attrilwtes, etc.), as shown in the example of
FIG. 5E.

Ay deseribed above. comtent playback inlormation may be
correlaled with playback information ol ads determined 1o
have been played [or the conlent item {e.g.. identilying what
ads were playved tor what content using identifiers and/or
heuristics). plavback intormation tor the ad may also be
correlaled with metadata inlormation about the ad that is
obtained from a source that is dillerent [rom the source of
the ad plavback information. In some embodiments, the
content plavback intormation is also correlated with ad
metadata. As one example, for a content item, the sessions
in which the content item was played are identified. lor cach
ol the sessions, the identifiers of the ads delermined 1o have
been correlated or plaved for the session are obtained. The
identifiers may be vsed to obtain metadata about the iden-
lified ads. Varlous processing may then be performed on
inlormatiom aboul the content played during the session
along with the metadatla information aboul the ads played
during the session.

Asg another example, wetadata about the content item
{c.g.. conlenl name. scasonfepisode nwmber. publisher,
genre, cle.) is obtained. The conlent meladala may then be
vsed 10 segment ad metadata to determine, for example, the
names of the ads that were plaved for a particular content
item (e.g., what ads were plaved during a particular show ).
As another example. all ads of a brand (hat were played
across all conlent that was played may be delermined and
analvzed. Content’ad playback information may also be
segmented by other attributes, such as client attributes (e.g.,
device lype. 108, user agent. geolocalion/geographic region,
IP address. cle.).

Thus. by integraling inlormation from varlous sources
{e.g., content and ad plavback information from a content
plaver and ad metadata from a remote ad server) into a single
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location (e.g., backend 202), where the information may be
correlated at the backend or al a clienticonlent player.
various analylics and insights may be determined based on
a delermination of what ads were played with whal content
(e.g., what ads are correlated with what content) and what
ads for which measurements have been made (e.g., what ad
moetadata is corrclaled with what ad playback measure-
menis).

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

What is claimed is:
1. A syslem. comprising:
a processor conligured lo:
obtain plavback information associated with plavback,
on a client device, of a sepment of a video content
ilem requested by a user:
obtlain playback inlormation associated with playback.
on the client device, of a segment of a video adver-
tisement;
determine, based at least in part on timestamps asso-
claled with the scgment of the video conlent item
requested by the user and the segment ol the video
advertisement, that plavback of the video advertise-
ment is correlated with playback of the video content
ilem requested by the user: and
based at least in part on the delermination that playback
ol the video advertisement is correlated with play-
back ot the video content item requested by the user,
use measures associated with the video advertise-

ment and the playback ol the video content item Lo 3

determine an impact of the video adverlisement on
viewing of the video content item during one or more
video sessions at least in part by determining a
difference in bitrate between the video advertisement
and the video content item: and

a4 memory coupled 1o the processor and configured Lo

provide the processor with instructions.

2. The system recited in claim 1 wherein the determina-
tion that plavback of the segment of the video advertiselment
is correlaled with playback ol the video contenl item
requested by the user 1s lurther based al least in part on at
least one of a client application identifier and a video session
identifier.

3. The system of ¢laim 1 wherein (he playback inlorma-

tion associated with playback of the segment ol the video s

content ilem and the scgment of the video advertisement
cludes quality wntormation comprising at least one of
bitrate information, huffering intormation, rendering intor-
mation, [ailure evenl information, and comection informa-
Lion.

4. The svstem of claim 1 wherein the plavback informa-
tion associated with plavback of the segment of the video
content item and segment of the video advertisement
includes engagement inlormation comprising at least one ol
4 length of Gime thal a video segment has boen playing. a
length of time that a client has been connected to a content
distribution network, an amount of data associated with a
download ol the video scgment. a display mode ol a video
sereen, a viewer interaction wilh at least one player control.
and a viewer inleraction with the video segment.

5. The svstem of ¢claim 1 wherein the processor is further
configured 1o display the mformation associated with play-
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back of the segment of the video content item with the
inlormation associaled with playback ol the segment ol the
video advertiscment.

6. A method, comprising:

obtaining plavback information associated with playvback,

on a client device, of a segment of a video content item
requested by a user,

obtaining playback information associaled with playback,

on the client device, of a segment of a video advertise-
ment;

determining, based at least in part on timestamps associ-

aled with the segment of the video conlenl llem
requested by the user and the segment ol the video
advertisement, that plavback of the video advertise-
ment is correlated with plavback of the video content
item requested by the user; and

hased at least in parl on the determination thal playback

ol the video advertisement is correlated with playback
of the video content item requested by the user, using
measures associated with the video advertisement and
the playback ol the video content item Lo delermine an
impact of the video advertisement on viewing ol the
video content item during one or more video sessions
at least in part by determining a difference in bitrate
between the video advertisement and the video content
itlem.

7. The method ol claim 6 wherein the delermination that
plavback of the segment of the video advertisement is
correlated with plavback of the video content item requested
by the user is further based at least in part on at least one of
a client application identifier and a video session identificr.

8. The method of claim 6 wherein the playback informa-
tion associated with plavback of the segment of the video
content item and the sepment of the video advertisement
includes quality inlormation comprising al least onc ol
bitrale information, bullering inlormation, rendering inlor-
malion. [ailure event information. and connection informa-
ton.

9. The method of claim 6 wherein the playback informa-
lion associaled with playback ol the segment of the video
conlent item and segment ol the video advertisement
includes engagement intormation comprising at least one of
a length of time that a video sepment has been plaving, a
length of time that a client has been connected to a content
distribution network. an amount ol dala associaled with a
download of the video segmoent, a display mode of a video
screell, a viewer interaction with at least one plaver control,
and a viewer interaction with the video segment.

10. "The method ol claim 6 [urther comprising displaying
the information associaled with playback ol the segment ol
the video content item with the inlormation associated with
plavback ot the segment of the video advertisement.

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

obtaining plavback information associated with playvback,

on a client device, of a segment of a video content item
requested by a vser;

obtaining playback information associaled with playback,

on the client device. of a segment ol a video adverlise-
ment;

determining, based at least in part on timestamps associ-

aled with the segment of the video conlenl llem
requested by the user and the segment ol the video
advertisement, that playback ol the video adverlise-
ment is correlated with plavback of the video content
irem requested by the vser; and
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based at least in part on the determination that playback
ol the video advertisement 1s correlaled with playback
ol the video comtent item requested by the user, using
measures associaled with the video advertisement and
the plavback of the video content item 1o determine an 3
impact of the video advertisement on viewing of the
video content ilem during one or more video sessions
al least in parl by determining a dillerence in bitrale
between the video advertisement and the video content
item. 11
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In Columin 2, Line(s) 13, before “one or more™, insert --to--.
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