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I

Receive a specification of a data collection configuration,
including an indication of a raw data to be collected, an
operating system/API of interest, and an associated remote
procedure to be called

)—402

'

Provide the data collection configuration to one or mere
clients

)—404

:

=

FIG. 4A
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Receive a definition of a metric, including a mapping )‘432
between metric inputs and raw data that has been collected
or will be collected
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Provide the metrics configuration as output
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CUSTOM VIDEO METRICS MANAGEMENT
PLATIORM

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
palent application Ser. No. 14/961.646 entitled CUSTOM
VIDNO METRICE MANAGEMENT PLATIORM filed
Dec. 7, 2015, which claims priority to U.S. Provisional
Patent Application No. 62/089,161 entitled CUSTOM
VIDEO METRICS MANAGEMENT PLATFORM filed
Dec. 8, 2014 which is incorporated herein by reference for
all purposes.

BACKGROUND OF THE INVENTION

Users are increasingly using networks such as the Intermet
10 access content, such as video files and live streaming/
video on demand content, via client machines. As demand
for such content increases, there are challenges in distrib-
uling that conient clliciently and with high quality. As one
example. existing leehniques  [or remotely  delermining
ntormation about plavers are limited in the information they
are able o obtain about the plavers.

BRIV DESCRIPTION OF TTIE DRAWINGS

Various embodiments ot the invention are disclosed in the

following detailed description and the sccompanying draw- 3

ings.

I'IGr. 1 llusirales an example embodiment of an environ-
ment in which custom video metrics configuration is per-
formed.

FIG. 2 illustrates an example embodiment of a configu- *

ration lile.

I'IG. 3 illustrates an cxample data (ow lor data collection
and metric configuration.

FIG. 4A 1s a flow diagram illustrating an embodiment of
a process lor conliguring data collection.

I'ICr. 413 1s a How diagram llustrating an embodiment ol
4 process lor metric conliguration.

FIG. 4C is a flow diagram illustrating an embodiment of
a process for configuring data collection and metric con-
liguration.

IIG 5 s a [ow diagram illustrating an embodiment ol a
process for performing custom data collection.

FIG. 6 is a flow diagram illustrating an embodiment of a
process for computing a custom metric,

IIG. 7 is a [ow diagram illustrating an embodiment ol'a 5

process for perfomming validation.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways. S

inecluding as a process; an apparatus; a svstelm; a composi-
tion of matter; a computer program product embodied on a
computer readable storage medivm; and/or a processor, such
as a processor conligured (o cxecule instructions stored on
and/or provided by a memory coupled Lo the processor. In
this specification, these implementations, or any other form
that the invention may take, may be referred 10 as tech-
niques. In general. the order of the sieps of disclosed
processes may be allered within the scope of the invention.
Unless stated otherwise. a component such as 8 processor or
a memory described as being configured 1o perform a task
may be implemented as a general component that is tem-

[

2

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 lerm “processor’ relers 0 one or more
devices. cireuits. andior processing cores comligured 1o
process data, such as computer program instructions.

A detailed description of one or more embodiments of 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-

3 ments, but the invention is not limited 10 any embodiment.

The scope of the invention is limited only by the claims and
the invention encompasses numerous allernatives, modili-
calions and equivalents. Numerous specilic details are sel
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 speeilic details. or the purpose ol clarity, technical
material that is known in the technical fields related to the

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

Ubiquity ol Internet, proliferation ol Internet-cnabled
devices, and on-demand consumption of media (e.g.,
streaming video) have resulted in the generation of vast
amounts of data. Entities such as content publishers, content
providers, and service providers {e.g., Inlernet Service Pro-
viders (ISPs)) may wish o use such dala 1o drive decisions,
for example, by computing metrics and viewing reports.

Various issues and challenges exist with typical metrics
creation and reporting systems. lor example. entitics that are
dealing with dala and using analytics lools lor internal and
external use ollen creale their own set ol metries, wiih liitle
to no standardization, causing fragmentation in metrics
definition, visvalization, and reporting. This can lead to
inconsistencics.

Ay another example. cuslomers/viewers ol typical melrics
creation and reporting systems are [orced 1o use Nxed sels of
metrics, leading to inflexible systems being nsed to analyze
data that may not satisfy customers’ requirements.

Ag another example. such typical systems also do not
scale, as delining, processing. and analyzing new melrics
may take additional resources and time.

Typically, the implementation of new metrics to compute,
or the collection of new tvpes of data is a manuval process,
requiring code changes and multiple deployment iterations
belore the changes can be pushed oul. This can lead 1o
inefliciencies, such as delavs in collecting new data and
computing new metrics,

l'or example, mobile applications (relerred 1o herein ag
Happs™) are commonly used 1o stream video conlent. The
apps can be conligured o colleet various data regarding
content viewing. Suppose, for example, that a content pro-
vider/publisher associated with an app would like 1o collect
a new lype of data. lypically, the collection is hardeoded
inte a new version of the app, which is then deployed. The
app release cvcle mav oceur slowly however, and thus the
new data may not be immediately collected. Additionally,
even when the app is deploved/made available, end-users
may nol update the app immedialely, or ever. "Thus, the
collection of the new dala may be delayed. or never oceur.

Described herein is a custom video metrics management
platform that addresses issues and challenges such as those
described above, As will be described in lurther detail below,
using such a platform, custom conliguration of new data o
be collected from clients andfor the custom conliguration of
new wetrics o be computed can be performed. In some
embodiments, the metrics management platform provides a
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centralized configuration platform for confipuring/control-
ling data collection andfor metric computation. Using such
a platform as described herein, a variely of metrics can be
computed 1o allow lor collection. analysis. and reporling. As
will be shown in further detail below, the techniques
described herein provide flexibility in customizing the pro-
cess ol data collection. as well as flexibility in introducing
new melrics.

Ag one example, suppose that a client has installed an app
that is configured initially 1o collect a first set of performance
information. Suppose that at a later time, a content provider
associaled with the app would like 1o colleel a new (ype ol
data {also relerred o herein as “raw data,” “service slalis-
ties,” “pertormance information,” “quality information,”™
and “telemetry data™) that was not initially configured in the
first sl Typically. as deseribed above. collecting the new
data would require that app updales be made. as well as the
device end-user o updale the app, beflore the new ype ol
data can actually be collected. As will be shown below, vsing

EEI

the custom video metrics management platform described 2

herein, such collection can be conligured dynamically and
pushed on-demand 1o the client device. This allows dala
collection to be controlled without requiring action oo the
part of app developers and/or end-users.

Further, using the platform and the techniques described
herein, [eedback control and ilerative processing can also be
provided. Vor example, as described above, users of the
platform can define what data they would like to collect and
define what metrics they would like 1o compute. Suppose,
lor cxample, (that afier the new dala and metrics are imple-
mented and integrated. it is determined that changes should
bhe made o the initial conliguration {c.g.. due 1o the resulls
of the data collection/metric definition not matching to
expected results). The plattorm and techniques described

herein can be used o make corrections/configuration 3

changes dynamically/on-demand. This allows, lor example.
lor iterative debugging and analysis, and end-lo-end con-
figuration and data processing validation.

While example embodiments in a video streaming (e.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.

FIG. 1 dllustrates an example embodiment of an environ-
ment in which custom video metrics conliguration is per-
lormed.

Suppose for example, that a coutent publisher, Acme
Video, has been collecting plaving time data and total
content length data from players. Acme Video would like o

build a new “Percentage Complele” metric thal will mea- s

surcfeaplure the percenlage ol the video that a user has
watched. This will provide a measure of how engaged
viewers are when watching content (e.g., whether the users
actually walch conlent. simply skip through i, ete.). Tow-

ever. using the existing collected playing ime and total s

content length would only provide a rough estimate of the
percentage completion.

Thus, in order to build a new, more accurate, percentage
completion metric (an example of which will be described
helow), a new type ol data will also need (o be collected. For
example, in order 1o compute the new metric, it would be
beneficial it' a new type of information that has not been
previously collecied. “play head (me™ (representing the play
position thatl a video player is on), could be collected.

In this example, in order o define the new metric and
configure the ecollection of the new play head tine data
values, an emplovee (referred to herein as the “‘vser™)

[
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associated with Acme Video accesses control module 102
vid a user interface (U provided by Ul engine 104, "The
control module can be implemented as 2 standalone appli-
cation andfor a browscr-based client application exceuling
ol a client device and communicating with metrics man-
agement plattorm 122 (also referred to herein as the “back-
oend™), as a part of the metrics management platform that
sends display dala 10 a client application, or a combination.

Iixamples ol metric and data collection configurations are
as tollows,

I'xample 1Jata Collection Conliguration

Az one example, suppose that when confipuring the
collection of the new play head time data valves, the vser
uses the interlace o specily example code snippel 202 ol
I'1(3. 2, reproduced below:

f

!

“plavHeadTime™: {

“Android™ {

“lune™ “getCurrentPosition”,
“lrequency™: 20

!

!

In the above example code snippel. the user has provided
a conliguration of the new data 1o be collected. As shown,
the vser specities the name of the new data to be collected
as “plavHeadTime.” The operating system (or appropriate
APD lor this configuration is specificd as well. In this
cxample, the “playllead lime™ data is collected on Android
devices by perlorming the lunction call “getCurrentPosi-
tion™ (which can be the name of an appropriate APT call for
Android players). In this example, the trequency of the data
collection is also specilied (c.g.. every 20 seconds). In some
cmbodiments. the parameters of the data collection, such as
the [requency ol the data collection. are stored as metadata
of the data collection configuration. As will be described in
turther detail below, client content plavers will collect data
according Lo received data collection conliguration iiles.

The above example snippet specilied how the new play-
HeadTime data is collected on the Android mobile plattorm.
The user can also specity other snippets for other operating
svstems/platforms/ATTs. For example, in 1085, a different
function {API) call may need to be performed o colleet the
valucs for the play head time. Although different [unction
calls may need to be made for ditferent operating, systems/
APIs, the values resulting from the tunction calls will be
mapped 1o the same, common name “playl lead lime.” "Thisg
name will be used as an identifier [or the values that are
stored in the backend, which will be described in Turther
detail below.

In some embodiments, vsers can also gpecify the seginent
ol clients Mrom which (he new data values are (o be collected.
lior example, the user can specily, on a per-client type basis
{e.g., based on operating system, device type, geographical
location, ete.), what segment of clients are to be nstructed
to collect the new “plavHeadTime" data.

As will e described in [urther deiail below, the data
collection confliguration is passed w/oblained by a client
such as client 110, which is confipured to collect the new
type of data according, 1o the data collection configuration,
and pass the collecied values (o platform 122 [or processing
{e.g.. o compule and store metric values).

Ixamples ol elicnt devices such as client 110 include
personal computers, laptops, cellular phones/personal digital
assistants, and other tvpes of intormation appliances such as
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set-Top boxes, game consoles, smart TVs, broadband routers,
file servers. video servers. and digilal video recorders, as
applicable.

In some cmbodiments. clients such as client 10 are
configured 1o play (e.g., stream) video content, which is in
murn rendered on the client device (e.g., via an app, via a
Flash, Silverlight, or HIMLS5 player it' a web browser

application is being used).
Example Metrics Configuration

In addition to configuration of data collection, the user
also uses the control module 102 (o conligure the delinition
ol the new percentage complele metric. As one example, the
user specifies the metrics conliguration as shown al 204 of
FIG. 2, reproduced below:

{

“percentageComplete™ {

“lormula™ “(MAX(play! lcad lime)-MIN{playl [cad-

Time)yeontentl.ength”

1

i.

In this example, the new metric is assigned the name
“percentageComplete.” A definition of how the metrdc is
computed is alse shown. "The definition includes a set of
operations performed on inputs. As shown in this example.
MAX and MIN are aggregation tunctions. As will be
described in further detail below, the metric configuration is
passed (o platlorm 122, which is conligured lo compule
metric values according (o the definition provided in the
metrics conliguration.

Ag shown in this example, the value “plavHeadTime" is
used in the definition of the new metric. The use of the name

mapsiconnects (he impul of the new metric compulation Lo 3

the newly collected data value. which is identified by the
name “playl lead Time™ thal was specified in the data col-
lection configuration, In some embodiments, the data values
collected from clients are stored by the platform wvsing the
name “playl lead lime,” and when the metric s compuled.
the appropriaie data values are obtained by using the “play-
HeadTime” name as an identifier 1o perform a query (e.g.,
database query for “plavHeadTime™ values). Thus, the met-
rie configuration provides a centralized mapping of the
connection(s) between collected data and their use as inpuls
(in metric computation).

As shown, and as will be described in turther detail below,
both data collection from a video plaver and the backend!
platlorm metric computations are cuslomivable, where the

newly collected inlormation can be directly used in deflining s

new melrics.

In some embodiments, validation is perforimed 1o ensure
that each input in the metric definition maps/refers 1o data
that has been collected or will be collected (e.g.. as spociiled

in a new custom data collection conliguration). In some s

embodiments, an alert is provided (e.g., 10 the user via the
UT) that the metric input does not match to lknown collected
data (e.g., data with the name specified as a metric input does
not existiis not found).

In some embodiments. the conliguration is also used by
platform 122 1o determine how computed metric values are
stored. For example, the user can specify how they would
like (he resulls ol metric compultation 1o be presented. which
is used (o inlorm how the compuled metric values are stored
(t.g.. the manner in which resulis are 10 be viewedfreported/
presented/provided as output is nsed to drive how the values
are stored).

3
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As one example, the user can specify that the values
should be stored as a time-serics (e, stored as a daily
value, every [ive minules, cle.). Vor example, the user can
specily that they would like an aggregaled percenlage
completion value each day (e.g., every day sum of percent-
age completion). In some embodiments, such metrics con-
figuration parameters are included in the metrics configura-
tion as meladata.

Ay another example, the user can speeily that the values
are 1o be viewed as a distribulion. [or example. using a
histogram. As one example, a user can configure ten buckets,
with each bucket storing the number of plavs for a different
range of percentage completion values (e.g., one bucket for
0-10% completion, a seeond bucket lor 10-20% completion,
a third bucket Tor 2094-30%, completion, cle.). The buckets
can be used 0 group views (c.g., playback sessions) by
percentage completion. As percentage completion values are
computed for each view/plavback session, the correspond-

2 ing bucket is incremented accordingly. This allows the vser

lo group views/streaming sessioms based on percenlage
complele.

The original raw computed metric values can still be
maintained. In this example, the raw computed metric values
can be stored in a database column, where the name of the
column is the name of the metric.

In some embodiments, usersfcuslomers can use group-bys
to specity how to collect, split, and accumulate metrics. In
some embodiments, group-bys can be nested or strung
logether 1o creale more advanced metrics.

For example. online video data analylics can involve
“sessions.” In some embodiments. a session is a series of
connected events that start when a user begins watching a
video, and ends when the vser stops or navigates away from
the video. Iased on this property. online video data pro-
cessing can be associated with the two [bllowing example
levels ol group-bys. In (he [first cxample level. data is
apgrepated within a session. At the second example level,
aggrepation is performed across sessions. With the flexible
data processing (e.g.. metric computation) described above,
users can cuslomize both such aggregation levels.

Further details regarding computation and storage of
metric values will be described in further detail below.

The data collection and metric configurations are then
provided [rom the control module o platlorm 122 and
clients such as client 1100 respectively. In some embodi-
ments, the confisurations are sent as instructions. In some
embodiments, a configuration file is generated based on the
user configuration. In some embodiments. the dala collee-
tion and the metric conligurations arc speeilicd in a single
confliguration, which is then parsed and split accordingly
{e.g., by the control module or by plattorm 122), where the
data collection configuration portion is provided to the client
{either dircetly o the client or by way ol platform 122,
which can be used as a relay. as described in lurther detail
below), and the metric configuration portion is provided 1o
plattorm 122, In other embodiments, data collection and
metric configurations can be performed separatelv/indepen-
dently ol cach other.

In the above example. the user uses a web interface 1o
confipure custom metrics and data collection. In other
embodiments, an AT ¢an be nsed o perform custom con-
liguration. For example, APl calls can be made 1o the control
module/metrics management platfonm o generale new dala
collection andfor metrics conligurations and o transmil
those configuration instructions to clients and/or platform
122, as appropriate.
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Example Data Collection

The new data collection configuration 1s provided (0 a
client such as client 1. In this example, the data collection
conflguration is passed trom control module 102 1o client
110 via platform 122, For example, the data collection
conliguration is passed Mrom the control module o the
platlorm (c.g., using [T1TPSE) over a network such as the
Internet (not shown) to data receiver 124 of metrics man-
agement plarform 122, which forwards the data collection
conflguration 1o clients such as client 110 (e.g., vsing
ITTTPS). In some embodiments. the data receiver is conlig-
ured (o transmit the data collection conliguration (o clients
that match (e.g., based on attributes such as operating
system, device tvpe, geographical location, ete.) to a speci-
fied segment ol clients [rom which the new data 13 lo be
collected. In one embodiment, data receiver 124 s imple-
mented as an [TTIP server galeway. In some embodiments.
the configuration is directly provided to a client by the
control module.

In some embodiments. the client is conligured 10 check
lor new collection conligurations {c.g.. at slartup of a media
plaver or an app such as media application 114). For
example, the client sends a first heartbeat message (de-
scribed in further detail below) to the platform requesting
the latest client conliguration. In response. data receiver 124
provides the new dala colleetion configuration instructions
(e.g., originally received by the platform trom control mod-
ule 102). As one example, the client obtains the collection
conliguration using an IT1T°UPs leich instruction.

‘The data collection conliguration is oblained and loaded
by conliguration handler 112 resident on the client 110,
Upon receiving the configuration, the contiguration handler
uses the received data collection configuration to call the

[unction in the configuration. In this example. suppose that 3

client device 110 runs the Android operating system. The
conliguration handler 112 will call the lunction “getCurrent-
Position™ specitied in the example configuration code snip-
pet described above,

In some embodiments. the conliguration handler is con-
figured to translate the [unction call in the data collection
conflguration into a client side reflection-based call. For
example, the configuration handler 112 generates the fol-
lowing code based on the contents of the data collection
conliguration code snippel deseribed above:

Mathod m=MalinPlayerelss. go Mothod (oot Om-
rentPasition” null)

Ag shown in this example, the conliguration handler has

used the speeified data in the conliguration (c.g.. “Android” s

and [unction call “getCurrentPosition”) o generale code that
will execute code in the language appropriate for the speci-
fied operating svstem?/Al']l. For example, because client 110
is an Android device, it will generate the example method

call above using “gelCwrent Position™ that is usable in the s

Android operating systen/APL If' a corresponding configu-
ration is specitied for 105 devices and indicates the name of
an APT call 1o vse to collect the plavHeadTime value, the
conliguration handler resident on an 108 device will trang-
late the configuration and generate code that will exceule the
appropriate tunction call usable in the iOS operating svstem/!
ATT

In warious cmbodiments. the confliguration handlers
installed on varlous clients are conligured o support the
translation of oblained data collection conliguration inlo any
plaver language or operating systen/APL, as appropriate.
Thus, a single standardized data collection definition can be
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written, where configuration handlers installed on disparate
clients ol various (ypes can translale the data collection
definition into code that is in the language appropriale lor
them 1o perlorm data collection.

In the above example, the “vser” specified the name ot the
tunction call 10 be performed for a given operating system/
APL which was then used by the conliguration handler 1o
generale exceulable code that is in the language appropriale
for the device that the conliguration handler is resident on.
In other embodiments, the confipuration is specified 1o
directly include the executable code for calling the named
lunction (e.g., the method call “m™ shown above). which can
be directly execuled by the confliguration handler. without
translation,

The executable code penerated as a result of the language
translation is then passed to data collector 116, which is
configured 0 use the code o react/interact with media
application 114 andéor media platform 118 (o colleet the
requested data. In some embodiments, the media plattorn is
a media processing engine, which may be integrated with an
operating syslem {e.g.. mobile operating system, desklop
operating system, cle.). Examples ol media platlorms
include Avlioundation (c.g.. used with 10O8). Windows
Media Plaver, Gstreamer, etc. In this example, data collector
116 and configpuration handler 112 are included in media
library 120, which is inlegrated with media components 114
and 118.

The value returned trom the function call executed by
data collector 116 is then assigned to the named valve (in
this case “plavHeadTime™) specified in the data collection
confliguration. In this example, the data collector will collect
this inlormation every 20 seconds according 1o the example
configuration shown above. The collected data will then be
sent to platform 122 for further processing, which will be
described in further detail below,

In some embodiments, data collector 116 is conligured 1o
perform pre-processing ol the collected data. and place the
result of the pre-processing into a nested data structure. In
some embodiments, data collector 116 is configured 1o
package the collected “playllead Time™ inlormation and
send the packaged information o platform 122, In one
cmbodiment, the newly collected information is included in
a heartbeat message that is transmitted to platform 122,

In some embodiments, a “heartbeat” message refers 10 a
package/payload of status information that is sent from the
client 10 the backend 122, In some embodiments. cach
heartheat contains a snapshot of the session state at the time
the heartbeat was sent out and a sunmary of the events and
measurements since the last heartbeat or since the start of' the
session. as applicable. Using the custom data collection
conliguration technigues deseribed herein. additional picces
of information can be dynamically collected and dynami-
cally added 10 heartbeat messages.

In this example. the heartbeal message is transmilled 1o
platform 122 over an agreed protocol. Tor example. via an
ITTTP rest call. In some embodiments. data collector 116 is
configured 1o schedule sending of the collected data bhased
ol a policy specified in the custom data collection configu-
ralion.

Example Metrie Computation and Storage

The heartbeal message [rom clicnt 110 s received by data
receiver 124 ol platform 122, As will be described in Turther
detail below. platlrm 122 is conligured 1o use the collected
data valves included in the received heartbeat messages 10
perform metric computation. The metric computation is
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performed according 1o the metrics configuration described
dbove. In some embodiments, the storage of the computed
metrie values is also perlormed based on the metrics con-
liguration.

In some embodiments, data receiver 124 is configured to
perform mapping, translation, and paclkaging of the received
heartbeal message inlo an internal dala structure. As one
example. the galeway is conligured o consolidate and
normalize the data included in heartbeat messages (e.g.,
normalizing the “plavHead Time™ data values collected from
various clients of potentially disparate Types iuto a standard
[orm).

Afler the packaged heartbeal message is processed by
data receiver 124, it is then sent to messaging layer (128) of
data processing engine (126). As one example, the messag-
ing layer i implemented as a Kalka messaging queue.
Mossaging layer/quene 128 s confligured 10 distribule the
heartbeal message Lo real-lime computation engine 130 and
offline computation engine 132, In some embodiments, the
collected data included in the heartbeat, including the “play-
Head l'ime™ values, s also stored o persisient storage 134
included in ollline compultation engine 132 as raw dala.

In this example, the real-time computation and offline
computation engines are configured to compute values for
the new percentage completion metric according to the
example metrics conliguration/delinition above. which was
provided o platform 122 rom control module 102, As
described ahove, the metrics configuration defines the metric
10 be computed, and includes the namesfidentifiers of col-

lected data to be used as inpuls in compuling the metric 2

value. In this example. the melrics conliguration indicales
that one of the input valucs is the newly collected data value
“plavHeadTime.” The “playHeadTime” data valves are
obtained to perform metric computation.

Real-time computation engine 130 is conligured o com-
pute melric values in real-lime, for example, as hearthbeat
moessages are received. In this example, real-lime compula-
tion engine 130 is configured 1o extract/collect “plavHead-
Time™ data valves trom heartbest messages, in real-time, as
they are received by platlorm 122, lior example. the “play-
Head l'ime™ values can be extracled using the name specilled
in the metries contiguration. In one example embodiment,
real-time computation engine 130 is implemented uvsing
Apache Spark Streaming.

OMine computation engine 132 is conligured 10 compule
metric values ollline (c.g. as part ol a balch process). In
some embodiments, the offline computation engine is con-
figured to obtain input values from persistent storage 134
{(where collected raw data is stored). In this example, the

newly collected “playl lead lime™ values that are extracled s

[rom hearlbeal messages have been stored in persistent
storage 134 1o be made available at a later time. When the
offline computation engine 132 performs metric computa-
tion, the names of the raw data values (o be used as input

values, as specilied in the metrics conliguration. are used (o 3

access and obtain data valvues from persistent storage 134. In
various embodiments, offline computation engine 132 can
be implemented using Spark, Hadoop, etc.

The metric values compuled by real-ltime compulation
engine 130 and oflline compulation engine 132 are then
stored. For example, the percentage completion values com-
puted by real-time computation engine 130 and offline
computalion engine 132 are stored Lo storage 138 and lurther
analysis engine 140 ol query engine 136, respectively. In
some embodiments. query engine 136 s confligured (o
facilitate storage, querving, and analysis of computed met-
ries. In some embodiments, storage 138 and turther analysis
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engine 140 are configured to store the computed values
according lo melrics configurations  {c.g.. provided as
instructions by the configuration module 106}, as described
dhove.

For example, storage 138 and further analyvsis engine 140
are confipured 1o read received storage configuration
instructions. As one example, suppose that the user has
specilied that they would like o aggregaie the compuled
pereentage completion values and slore them on a daily
basis. 13ased on the sworage specilication, lor example,
storage 138 creates a new row for each daily aggregation of
percentage completion valves. Thus, each day, an overall
percentage completion value is stored. As another example,
the raw compuled metric values can be stored in database
columns, where the name ol the column is ithe name of the
meltric. as specilied in the metries conliguration. In this
example, a database column in storage 138 can be instan-
tigted with the name “percentageComplete.” Metric values
are then stored in the column as they are computed. In
various embodiments. storage 138 s implemoented as a
Redis cache, using Phoenix, HI3AS], ele.

In various embodiments, further analysis engine 140 is
implemented vsing Hive, Spark SQL, ete. The further analy-
sis engine is configpured to perform turther processing or
lacilitale [urther analysis of computed metric values (c.g.,
vid data analylics).

Now that the computed percentage completion values
have been stored, they can be accessed and, tor example,
presented (o users. Vor example, the compuled values can he
presented o users via Ul engine 104 of control module 102,
which is conligured 1o lacilitale reporting. In some embaodi-
ments, the presentation of the computed metric values is
based on the manner in which they are stored. For example,
a custom dashboard can be erealed o view the pereenlage
completion values thal have been aggregaled and stored on
# por-day basis.

Thus, as shown in the above example, configuration can
be performed across an entire content distribution system/
ceosyslem. rom data collection, 0 metric compulation, 1o
storage ol computed metric values, and o the user inlerlaced
data presentation layer. As shown above, collection and
metric implementation instructions can be pushed to clients
and the metrics management platform, providing control
over data colleclion andfor melrics conliguration. This can
provide various henelits.

For example, content plavers can be configured tor new
data collection without, for example, requiring upgrade of
player apps (which may be challenging due 10 app devel-
opment cyeles, end-users nol installing updates. ragmenta-
lion. cle.).

Asg another example, suppose that a new version of a
mobile operating svstem exposes a Lew piece of perfor-
mancedelemetry/service information thal was previously
unavailable o be collecled. Using the techniques described
herein, the new data can be collected without changing a
plaver application and/or without requiring the plaver appli-
cation to be vpdated (e.g., as the configuration handler and
data collector can be controlled (o perform the collection).

In the above example ol UG 1, both a new custom melric
and a custom data collection were configured. The configu-
ration of metrics and data collection can also be performed
independentlyfseparalely ol cach other.

As one example. a user can deline a new metrie thatl uses
existing. previously collecled data as inpul. lor example,
suppose that bitrate switch events have already been col-
lected from plavers into the backend 122, The user would
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like to define a new metric that calculates the rate of bitrate
swilches. The user can do so by defning the new custom
metric as deseribed above.

Auser can also deline the collection of a new picee ol dala
without specifyving a custom new metric. For example, the
new data can be collected vsing the techniques described
herein and stored (e.g., in persistent slorage 134 ol FIG. 1)
as raw data. The collected data can then be used al a later
Time 1o compute various metrics (whether custom config-
ured, generic, default, ete.).

As one example, suppose that a new 3D touch capability
has been introduced lor the 108 that has recently been
released. The content provider does nol yel have a metric
that would vtilize such new data, but would like 1o collect it
in the meantime. The user associated with the content
provider can use the control module. as deseribed above. Lo
conligure collectiom of the new 312 wuch data.

The lollowing is an example code snippel thal can be
specified for collecting the 3D touch data.

“3¥Touchlivent™ |

“HOS™ {
“func™ “ios.screen.3DTouch”,
}

1

1
I

‘The conliguration of the new data collection is oblained
by client devices, as described above, which are configured
1o translate the data collection configuration into executable

code 1o colleel the new data. ‘The daia is (hen sent 1o a 3

platlorm such as platform 122 of I, 1. where it can be
stored as raw data. The collected data can then be used at a
later time as input when computing various metrics. The
collected data can also be nsed as input to metric compu-

tatioms that are not custom confligured. such as delaull or 3

generic computations (hat are buill in or alrcady available
(and do not need 1o be newly defined). lior example, a
predefined aggregation such as a “sum™ operation can be
applied to the newly collected data. As another example, the
raw dala can be used at a later time lor oflline computation
(c.g.. using ofMline computation 132 of FIG. 1),

FIG. 2 illustrates an example embodiment of a configu-
ration file. In this example, configuration file 200 ncludes
data collection configuration 202 and metrics configuration
204, described in lurther detail above in conjunction with the
example environment o VIG. 1.

FIG. 3 illustrates an example data How for data collection
and metric configuration. [n this example, a user configures
a cuslom melric and‘or clienl data collection al 302, for

example. using a web Ul or APL as desceribed above. AL s

304-308. the custom metric and/or the data collection con-
figuration, examples of which are provided above in con-
Junction with the example environment of FIG. 1 and in FIG.,
2. 1s transmilled/provided 1o various components. such as

clients (e.g., clicnt 110 of FI¢G. 1) and a backend such as a s

metrics management platform (e.g., plattorm 122 of FIG. 1),
as appropriate.

When the client receives the data collection configuration,
the client uses the oblained conliguration o colleel the
cuslom configured data, which is sent back 10 metrics
management plattorm 122 at 310. As one example, the
collected data is then sent to the platform for storage and/or
dala processing as described above (e.g.. real-lime compu-
tation. ollline computation, storage. lurther analysis, cle.)
according (o the custom metric conliguration. The platlorm
utilizes the custom metric configuration to compute custom
metric values.
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At 312, computed metric values can then be fed back
{c.g.. W a control module such as control module 102 over
a network such as the Intermet) and presented Lo the user al
314. [or example, viaa web UL Dor example. the metrics can
be provided in a dashboard report.

As will be described in further detail below, feedback
control 316 allows lor validation (e.g., end-lo-end valida-
tion}, where users can validate the resulls ol the custom data
and/or metrics configuration. For example, computed met-
rics values can be monitored/evalvated/analvzed and vsed as
feedback 1o determine whether any adjustments 1o data
collection andior metrics conliguration should be made.

The leedback control also allows [or resource scaling,
which will also be described in further detail below. For
example, the resources vtilized in processing collected data
and/or compuling new metrics can be evalualedmonitored
and used as leedback in determining il resource scaling
should be performed.

Data Collection Configuration

FIG. 44 is a flow diagram illustrating an embodiment of
a process (or conliguring data collection. In some embaodi-
ments, process 4N is execuled by control module 102 of
FIG. 1. The process begins at 402 when a specification of a
data collection configuration is received. n various embodi-
ments, the specification of the data collection configuration
is oblained via a user interface (c.g., web UL an APL ag
described above, cic.

In some embodiments, the specification includes a speci-
fication of the data 10 be collected, such as the name (or any
other appropriate identifier) o which the new collected data
values are (o be assigned. The specilication can also include
4 specilication ol an operating system/ API ol interest and an
indication of a corresponding fonction call/remote proce-
dure call. In some embodiments, the indication of the
lunction call is a name of 4 function call compatible with the
specilied operating systemd/ APL that, when executed by a
client, colleets the requested data value. lior example, alier
receiving, the configuration, the client is configured to trans-
late the metrics configuration into code that is executable on
the operaling systemfappropriate for the speeilied APL "The
code, when executed. executes the specilicd lunction call,
which causes the requested data 10 be obtained/collected.

In some embodiments, the specification of the metrics
configuration includes parameters indicating how the new
data is 10 be collected. As one example. a lrequencey (e.g.,
lime driven basis) ol collection can be specilicd. In some
embodiments, such parameters are included as metadata in
a data collection configuration.

AL 404, instructions are provided 1o one or more clients.
In some cmbodiments. a conliguration {ile including the data
collection specilication is provided to content players resid-
ing on clients. In some embodiments, the clients/content
plavers 10 which the data collection configuration is trans-
miticd/otherwise provided are delermined based on a speci-
fied segment delinition. For example, a segment ol clients
from which the data should be collected can be specified.
The segment can be defined based on a set of atributes/
characteristics of the sepment, such as device Type, content
player type, operating system {(version), cle. In some
cmbodiments. the data colleetion conliguration is pushed 1o
clients directly. In other embodiments, the data collection
configuration is transmitted first to a backend such as
platform 122, "The data colleclion conliguration is (hen
provided 1ofTetched by the client in response o a client
request [or any newdlalest data collection conligurations
{e.g., if available).

Metrics Configuration
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FIG. 4B is a flow diagram illustrating an embodiment of
4 process [or melric confliguration. In some embodiments.
process 430 s executed by control module 102 ol UG, 1.
The process begins al 432 when a definition o a metric (o
be computed is received. In various embodiments, the
definition of the metries configuration is obtained via a nser
interface (e.g., web U, an APL as deseribed above. cle.

In some embodiments, the meiric conliguraiion includes
a hame (or any other appropriate identifier) of the metric
being configured. In some embodiments, the metric defini-
tion includes a formula‘tunction that indicates how collected
dala valuesfexisting metric values are 10 be combined
logether o compute a value. lior example. the metric s
defined using a set of operations to be performed vsing
collected data values. In some embodiments, the definition
indicates 1 mapping between metric inpuls and collected
data values. For cxample, the inpuls ol the metrie formula-
tion can be specilled using the name (or any other appro-
priate identifier) of collected raw data values (where the
name of the data value 1o be used as input maps collected
data values o the impul of (the melric o be computed). The
raw dala values can include those that are already being
collected, as well as those that will be collected (e.g.,
specified vsing the data collection confipuration described
above).

In some embodimenis, the metric definition includes a
speeification ol how computed metric values are o be
represented in storage. For example, as described above,
computed metric values can be stored as an aggregation

(c.g.. sum), on a lime driven basis (c.g., daily sum). as a 3

distribution {(c.g.. using a histogram). cle. In some embodi-
ments. the storage specilleation is based on an indication ol
how metric values are to be presented (e.g., in dashboards,
reports, etc.). For example, a vser can specify that they

would like to view compuled metric valucs as an aggrega- 3

tion, on a ltime driven basis, as a disiribution, cic.. as
deseribed above. In some embodiments, explicil slorage
configuration need not be specified, and computed metric
values can be stored in a dethult manner (e.g., as a database
column with the name specified lor the metric being con-
figured).

In some embodiments, validation is performed oo the
metrics configuration. For example, it can be determined
whether indicated data values to be used as input to the
metric computation are valid (e.g., exist). lor example, the
names of (the data o be used as input are chocked against a
set of data’/lmetric value names that have been collected!
computed and/or will be collected/computed. It the specitied
data lor input is not available. then in some embodiments.

notifications can he seni (o alert users ol the invalid metric =

compulalion inpul.

At 434, mstructions are provided based on the metric
configuration definition. For example, the metrics configu-
ration is provided (o a platlorm such as metrics management

platlorm 122 ol I'I(3. 1. In some embodiments, compulation s

and/or storage of metric values is performed according, 1o the
metrics eonfiguration.

Configuration of Data Collection and Metrics

Metrics and data collection conliguration can be per-
lormed separately/independently ol cach other, lor example.
nsing processes 400 and 430 of FIGS. 4A and 4B, respec-
tively. As shown in the example environment of FIG. 1, both
dala colleetion and metrics conliguration can also be per-
lormed concurrently, where the metrics conlfiguration reler-
encesiuses as inpul a dala value that is (o be collected.

FIG. 4C is a flow diagram illustrating an embodiment of
a process for configuring data collection and metric con-
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figuration. In some embodiments, process 460 is executed
by control module 102 ol I'1(3. 1. "The process beging al 462
when a specilication of a data collection configuration is
received. ‘The data conliguration includes an indication of
raw data to be collected. In some embodiments, process step
462 is implemented using process step 402 of process 400 of
LI, 4A. AL 464, a delinition o a meiric is reccived,
including a mapping between a metric input and the raw data
to be collected, as specified at 462. In some embodiments,

3 process step 464 is implemented using step 432 of process

430 of FIG. 4B.

Al 466, the data collection conliguration is provided 1o
one or more clients. In some cmbodiments. process step 466
is implemented using process step 404 of FIG. 44 At 468,
the metrics configuration is provided as output. In some
cmbodiments. process siep 468 1s implemented using pro-
cess slep 434 ol process 430 of FIG. 413

Data Collection

FIG. 5§ iz a flow diagram illustrating an embodiment of a

20 process for performing custom data collection. In some

cmbodiments. process 500 is exceuted by a client such ag
client 110 ol II¢E. 1. The process beging at S02, when a data
collection configuration is obtained. The data collection
configuration includes a specification of'a data 1o collect. An
example of a data collection confipuration is shown at 202
ol configuration 200 ol I'I(3. 2, and deseribed above in
conjunclion with the example environment ol UVIGG. 1. In
some embodiments, the data collection configuration is
configured vsing processes such as processes 400 and 460 of
IIGS. 4A and 40, respectively.

In some embodiments. the data collection configuration is
fetehed. For example. a elient sends a (irst hearthbeal message
{described above) to a platformsbackend such as metrics
management plattorm 122, In response, the platform pro-
vides the dala collection conliguration 1o the client {e.g.,
latest data collection conliguration received from a control
module such as conirol module 102 o IIG. 13 In some
embodiments, the data collection configuration includes the
specitied name for the data value to be collected. The data
collection conliguration alse includes an indication of an
operating sysiem/platlform/API {(which can be indicated by a
corresponding operating system). The data collection con-
figuration also includes an identifier (e.g., name) of the
tunction call nsable in the indicated operating svstenn/AD' 1o
colleet the requested data value. In some embodiments. the
data collection configuration includes specilications of [une-
tion calls tor different tvpes of operating svstems/ADl]s, all
of which are associated with the same, common collected
data value name (i.c.. although data values will be collected
using different lunction calls lor different operating systems?
APls on dillerent clients, they will be assigned the same,
shared, and common name).

At 504, the data collection configuration is translated into
operatable code o an appropriate language. lor example, a
confliguration handler such as configuration handler 112 of
client 110 determines the operating svstem/AD] of the client
on which it is resident, or the AP that is vsable given the
configuration of the client. The configuration handler then
looks up, in the data colleetion conliguration. the lunction 1o
be called lor the operating system/ API of the client. In some
embodiments, the indication of the operating svstem/ Al
and the funetion call are used to generate executable code
usable with the operating system/ API ol the client thal when
cxeculed, collects the requested data value. As another
cxample, (he conliguration is translaled into code that is in
the language of the plaver resident/installed on the client.
One example of generated code translated from the data
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collection configuration is an APT call. An example of such
exceuled code 1s described above in conjunction with the
example environment o VIG. 1.

In some embodiments. the exact code (e.g., APl call) o be
executed is specified in the data collection configuration. In
such a scenario, translation need not be performed, and the
exacl code can be direetly executed Lo perform data collee-
lion.

At 5006, the code is executed and used to collect the
specified data. For example, a data collector such as data
collector 116 of FIG. 1 is configured 1o execute the code and
colleet data values from media components such as a media
application, player. platform, cle. In some embodiments, the
collected data values are collected at a trequency specitied
in the data collection configuration. In some embodiments,
the data values collected using the executed code are
assigned the name specilled in the data collection conligu-
ration.

At 508, the collected data is provided as output. In some
embodiments, the collected data values are packaged into
mossages such as heartbeal messages. as desceribed above.
The messages are lransmitied o a backend such as metrics
management platform 122 of FIG. 1 for further processing
(e.g., for storage and/or computation of metric values).

Data Processing—DMetric Computation and Storage

IIG 6 is a [ow diagram illustrating an embodiment ol a
process for compuling a cuslom metric. [n some embodi-
ments, process 600 is executed by lmetrics management
platform 122 of FIG. 1. The process begins at 602 when a

metric configuration 1s oblained. For example. a metric 2

conliguration i oblained rom a control module such as
control module 102 ol FIG. 1. An example of a metric
configuration is shown at 204 of configuration 200 of FIG.
2 and described in conjunction with the example environ-
ment ol IIG. 1. In some embodiments. the metrics conligu-
ration is conligured using processes such as processes 430
and 460 ol I'IGS. 413 and 4C, respectively.

The metrics configuration includes a definition of how a
metric 15 to be computed. For example, the definition
includes a set ol operations 1o be performed on a set ol input
data values. The metrics conliguration also includes a map-
ping of collected data values 10 metric computation inputs.
For example, each metric computation input is mapped to
collected data values using the name (or any other appro-
priate identifier) ol the collected data values {(e.g., the name
ol the collected data value is dircetly specilied as an inpul in
the definition of the metric). In some embodiments, the
configuration also includes a name of the confignred metric.

AL 604, (he data values used as inpul in computing the

metric are oblained, and al 606. metric values are compuled s

according 1o the metric conliguration. As one example, raw
data values (identified by the name specified in the metrics
definition) are extracted from heartbeats as they are received
and used o perform real-lime computation {c.g.. using
real-lime computation engine 130 ol platform 122 of LG,
1}

Ag another example, metric values can be computed in an
offline manner (e.g., nsing offline computation engine 132 of
I"1¢5. 1. For example, raw data collecled [rom clients can be
stored Lo a slorage (such as persistent storage 134 ol plat-
form 122 of FIG. 1), and obtained using the names of the raw
data specified in the metrics computation definition. Batch
computalion ol metric values can then be performed by
obtaining previously collected raw data values [rom such
slorage.

At 608, results associated with the computed metric
values are stored. The results associated with the computed
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metric ¥alues can include the originally computed metric
values and/or processed compuled metric values. which can
be grouped. aggregated, cle. according o the obtlained
metric confliguration. as described above. For example, in
some embodiments, metrie configuration includes an indi-
cation of how computed metric valves are 10 be stored,
which can be based on how compuled metric values are o
be presenled. As deseribed above. compuled metric values
can be grouped (e.g., nsing collection, splitting, accumula-
tion, etc.), stored as aggregations (e.g., sums), on a time-
driven basis (e.p., daily, every five minutes, etc.), in a
distribution {c.g., using histogram buckels). cle.

Based on the storage specilication. dynamic schema gen-
eration can be performed. For example, suppose that a
metrics configuration specifies that a daily sum aggregation
ol compuled values ol a particular metric is 1o be stored. A
column can be instantiated in a database such as storage 138
ol PIG. 1. "The column s used 0 store dally sums of
computed values for the metric. Each day, the sum total of
the computed metric values tor that data is computed and
stored in a new row of the column generaled for that day. In
some embodiments. the original computed values are also
maintained in storage. For example, a database column with
the name of the configured metric can he instantiated in a
storage such as storage 138 of FIG. 1. The computed metric
values are then stored in the database column.

In some embodiments, il no storage comliguration is
specitied 10 the metries configuration, the computed metric
values can be stored in a detault manner (e.g., in a database
column with the name ol the conligured metric that can be
instantiated in a storage such as storage 138 of UG 1. ag
desceribed above).

In some embodiments, the computed metric values are
provided as output. For example, the computed metric
values can be presenled Lo users in dashboard reports via a
user interlace. In some embodiments. the stored resulls
{which can include an aggregation ol raw compuled metric
values, a distribution of the raw computed metric values,
etc.) are provided as output (e.g., reported).

Validation

In some embodiments. validation s performed. lior
example, an end-to-end validation worktlow operates in
parallel 1o the custom data collection and/or metrics con-
figuration, continuously monitoring data collection, data
processing. and analylics modules o ensure that the com-
plete custom conliguration worklow is Tullilling specilied
requirements. For example, npon configuration of data col-
lection and/or metrics, the results ot the configuration can be
validated. As one example, relerring o the environment ol
I'IG3. 1, the results ol the defined percentage complele metric
can be validated against cxpected percentage complelion
values. The results of the validation can then be used 10
determine whether changes to the configuration of the
collected data and/or metric should be modiiied (which can
be perlormed using (he technigues [or custom configuralion
described herein). This allows, tor example, for iterative
debugging and analysis of custom configuration.

In some embodiments, performing validation includes
generaling a reference model. "The oulpul ol the reference
model is compared against whal is being collected and
computed. In some embodiments, generating a reterence
model includes establishing a test client. The test client is
configured 10 behave in a particular manner. As one
cxample, the lest client can be conligured o play content in
# parlicular way. 'or example, in order (o lest the accuracy
of the percentage completion metric, which uses play head
time data collected every twenty seconds, the test client can
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be configured, at various times throughout a session, to play
through a [first portion of a conlent ilem. skip o another
portion ol the conlent ilem, pause [or some Ume. then play
another portion beflore stopping the viewing session.

The test client is then caused 10 play the video according
1o the test specification. The raw data values collected from
the client are then used as npul 1o compute the percenlage
completion metric. The test resull is then compared against
the expected result. If the results match (e.g., exactly, or
within a threshold range), then the results are validated and
the test is determined to be a success. If the results do not
maich, then the results are not validaied and the resulls are
determined o be a lailure.

In some embodiments, alerts/notifications can be pro-
vided as output (e.g2., 1o Ul engine 104 of control module 102
of IIG. 1) based on the validation. For example. il the test
is a [ailure. a user can be notilied. Other alerts, such as
emails, lexts. or any other (ype of communication, as appro-
priate, can be provided. Thus, the test client/reference model

can be vsed to provide feedback regarding data collection 2

and metrics configuration. The user can evaluale the resulls
ol the test, [or example. Lo perform ilerative debugging and
correct, it necessary, the data collection and/or metric con-
figuration.

FIG. 7 is a flow diagram illustrating an embodiment of a
process [or performing validation. In some embodiments.
process 700 is executed using validation module 108 of
control module 102 of FIG. 1. The process begins at 702
when a test client is caused to be established. In some
embodiments, establishing the test elient includes conligur-
ing playback behavior of the test client, as deseribed above.
In some embodiments. the (est client is conligured 10 per-
form data collection according to an obtained data collection
conflguration, as described above (but need not be—tor

example. the test client can perlorm delaultiexisting dala 3

collection).

AL 704, (he test client is caused 1o perform video play-
back. For example, the test client is caused 1o pertform video
plavback according to the playback behavior confipuration.
In some embodiments. raw data collected from the Lest client
is passcd 1o a backend such as platform 122, as deseribed
above, If metrics configuration is to be tested, metrics can be
computed vsing raw data (which may or may not have been
collected according to a custom configuration), and the
values slored and/or provided lor review.

AL 706, results of the test are provided as outpul. lor
example, collected raw data and/or computed metric values
that are of interest can be presented 10 a vser in a dashboard
(t.g.. via a Ul provided by Ul engine 104 ol control module
102 of I1G. 1.

In some embodiments, the results oblained al 706 arc
compared to an expected result that is computed for the test.
Notifications can be sent 10 users based on the results of the
comparison {c.g.. alerts iF the test and expected results do not
malch).

Data collection and metrics configuration can be tested
together/concurrently and/or separately.

Scaling,

‘The compulation ol new metrics and/or collection ol new
dala can require increased resowrce usage. Por example.
more processing/computation (e.g., CPU) power and
memory may be needed to handle the computation of new
metrics. As another example. additional slorage may be
necded o handle the storage ol new collected raw data and
new compuled metric values.

In some embodiments, a backend such as platform 122 of
FIG. 1 is implemented as a scalable architecture/intrastrue-
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ture. In the example of backend 122 of FIG. 1, the platform
includes a cuslom scale controller 142 that is conligured 1o
lacilitale/support the scaling o the metrics management
platlform. As one example, melrics management platlorm
122 is implemented using Amazon AWS, In this example,
the custom scale controller is configured to utilize the AWS
autoscaling AT 1o scale up the resources utilized by the
melrics management platform o accommodale the new
metrics and/or dala collection that has been conligured. lior
cxample, an operator-user such as an I personnel can
monitor the resource utilization of the metrics management
platform in response to the configuration of new metrics
andfor data collection, and use the custom scale controller 10
notily the on-demand scaling o make resource capacily
changes as necessary (e.g., 1o provision new nodes).

Thus. the utilization ol resources in colleeling new datad
computing new metric values can be monitored and pro-
vided as feedback 1o determine whether resources should be
scaled 1o accommodate the new data collection/metrics
conliguration.

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

What is claimed is:

1. A syslem, comprising:

one or more processors conligured (o:

eslablish a test client:
cause the test client to perform coumtent playback
according to a test configuration; and
hased al least in part on data oblained [rom the test
client, deiermine whether (o validate al least one of
a dala collection conliguration and a metrics con-
figuration, wherein the test client is configured 1o
collect data according, to the data collection confign-
ration, wherein the daia oblained rom ihe 1est clienl
comprises the data collected by the lest elient accord-
ing to the data collection configuration, and wherein
the data collection configuration specifies:
a common hame of a type of data value 10 be
collected: and
a plurality ol dillerent lunction calls usable wo collect
the tvpe of data value trom a plurality of different
types of client devices, wherein raw data values
collected using the plurality ol dillerent [unction
calls are mapped to the common name specilied in
the data colleetion conliguration; and
a memory coupled to the one or more processors and
configured to provide the one or more processors with
instructions.

2. "The system reciled in claim 1, wherein the one or more
processors are further configured 1o provide as output at
least a portion of the data collected by the test client.

3. The system recited in claim 1, wherein the test con-
liguration is used lo conligure playback behavior ol the test
client, wherein comliguring playback behavior of (he test
client comprises configuring at least one of how the test
client plavs, pauses, stops, or skips with respect 1o a viewing
sesslon.

4. "The system reciled in claim 1, wherein the one or more
processors are [urther conligured (o delermine, according 1o
the metrics configuration, a test metric result based at least
in part oo the data obtained trom the test client.
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5. The svstem recited in claim 4, wherein the one or more
processors are further configured 1o provide as output the
determined (est metric resull.

6. The syslem reclled in claim 4, wherein delermining
whether to validate the metrics configuration comprises:

comparing the determined test metric result to an

expected metrie resull: and

in response o delermining. based at least in part on the

comparing, a match between the test metric result and
the expected metric result, validating the metrics con-
figuration.

7. The system recited in claim 1, wherein the metrics
conliguration specilies:

a definition of computation of a metrie; and

a mapping between a computation input and the collected

data. wherein the compulation inpul comprises the
common name assigned o the ype ol the collected
data.

8. The svstem recited in claim 1, wherein the one or more

processors are further contigured 1o transmit a notificationin 2

response 1o determining that the al Teast one ol the dala
collectiom configuration and the metrics conliguration is not
validated.
9. A method, comprising:
establishing a test client;
causing the test client to perlorm content playback
according Lo a lest conliguration: and
based at least in part on data obtained from the test client,
determining, using one or more processors, whether to
validate al least one of a data collection confliguration
and a metrics conliguration, wherein the test client is
conligured 1o collect data according o the data collee-
tion configuration, wherein the data obtained from the
test client comprises the data collected by the test client

according 1o the dala collection configuration, and 3

wherein the dala collection conliguration specifics:

a commen name of a type ol data value o be collected:
and

a plurality of different function calls uvsable to collect
the type ol data value [rom a plurality of different
types ol client devices, wherein raw data values
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collected wvsing the plurality of different function
calls are mapped o the common name speeilied in
the data collection conliguration.

10. "The method ol elaim 9, [urther comprising providing
as output at least a portion of the data collected by the test
client.

11. The method of claim 9, wherein the test configuration
is used o conligure playback behavior of the test client,
wherein conliguring playback behavior of the test client
comprises conliguring al least one ol how the test client
plavs, pavses, stops, or skips with respect 10 a viewing
session.

12. The method of claim 9, further comprising determin-
ing. according o the metrics conliguralion. a lest melric
resull based at least in part on the data oblained [rom the test
client.

13. The method of claim 12, further comprising providing
as output the determined test metric result.

14. The method of ¢laim 12, wherein determining whether
o validate the melrics configuration compriscs:

comparing the determined  lesl moetric resull o an

expeeled metric result: and

in response 1o delermining. based al least in part on the

comparing, a match between the test metric resull and
the expected metric result, validating the metries con-
figuration.

15. The method of ¢claim 9, wherein the metrics confign-
ralion specifies:

a definition ol compultation ol a metric; and

4 mapping between a computation inpul and the collected

data, wherein the computation inpul comprises the
common name assigned 1o the tvpe of the collected
data.

16. The method of claim @, further comprising transmit-
ling a notification in respomse o determining that the at least
one ol the data collection conliguration and (he melrics
confliguration is not validated.
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