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Data collection management is disclosed. A data collection
configuration is obtained. The data collection configuration
is translated into exceulable code in a language usable 1o
colleet data. Data is collecied using the exceulable code. The
collected data values are provided as oulpul. Melrics man-
agement is also disclosed. A configuration of a wetric is
obtained. The metric configuration includes a definition of
how compulation of (he metric is 0 be performed and a
mapping belween a computation inpul and collected data.
Collected data values are obtained based at least in part on
the mapping. Metric values are computed according 1o the
definition. One or more results associated with the computed
melric values are stored.
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400 ~

=

|

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 more
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

|

G

FIG. 4B
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Receive a specification of a data collection configuration, J
including an indication of a raw data to be collected
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Receive a definition of a metric, including a mapping
between a meitric input and the raw data to be collected
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Provide the data coilection configuration tc one or more
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Provide the metrics configuration as output
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Transiate the obtained data collection configuration into )_5
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CUSTOM VIDEO METRICS MANAGEMENT
PLATIORM

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application claims priority 1o U.S. Provisional Patent
Application No. 62/089.161 entitled CUSTOM VIO
MITTRICS MANAGEMENT PLATTORM filed ec. 8.
2014 which is incorporated 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. As demand
lor such conlent inereases, there are challenges in distrib-
uting that content efficiently and with high quality. As one
example, existing techniques for remotely determining
ntormation about plavers are limited in the information they
are able o oblain aboul the players.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 dllustrates an example embodiment of an environ-

ment in which custom video metrics configuration is per- 2

lormed.

IIG. 2 illustrates an example embodiment ol a conligu-
ration file.

FIG. 3 illustrates an example data How for data collection
and metric configuration.

I'IG. A 1s a How diagram lustrating an embodiment ol
a process lor conliguring data collection.

FIG. 4B is a flow diagram illustrating an embodiment of
a process for metric configuration.

I'IG. 4C is a How diagram lustrating an embodiment ol
a4 process lor conlliguring data collection and metric con-
liguration.

FIG. 5 is a flow diagram illustrating an embodiment of a
process for performing custom data collection.

IIG 6 is a [ow diagram illustrating an embodiment ol a
process for compuling a custom melric.

FIG. 7 is a flow diagram illustrating an embodiment of a
process for performing validation.

DITEAILLED DESCRIPTION
The invention can be implemented in numerous ways,

inecluding as a process; an apparatus; a svstelm; a composi-
tion ol matler: a compuler program product embodied on a

computer readable storage medium; andfor a processor, such - s

as a processor configured to execute wmstructions stored on
and/or provided by a memory coupled to the processor. In
this specification, these implementations, or any other form
that the nvention may lake, may be relorred 1o as lech-
niques. In general. the order of the sieps of disclosed
processes may be altered within the scope of the invention.
Unless stated otherwise, a component such as a processor or
a memory deseribed as being conligured 1o perlorm a task
may be implemented as a general component that is wem-
porarily coniigured (o perform the task al a given lime or a
specific component that is manvfactured to perform the task.
Asg used herein, the term “processor’ refers to one or more
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2
devices, circuits, and/or processing cores configured 1o
process dala, such as computer program instructions.

A delailed description of one or more cmbodiments ol the
invention is provided below along with accompanying [ig-
vres that illustrate the principles of the invention. The
invention is described in connection with such embodi-
menis, but the invention is not limited 1o any embodiment.
The scope ol the invention is Timiled only by (he claims and
the invention encompasses numerous alternatives, modifi-

3 eations and equivalents, Numerous specific details are set

forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that 1s known in the technical felds related w0 the
invention has not been deseribed in detail so that the
invention is not unnecessarily obscured.

Ubiquity of Internet, proliferation of Internet-enabled

20 devices, and on-demand consumption of media (e.g.,

streaming video) have resulled in the generation ol vasl
amounis of data. lintities such as content publishers. conlent
providers, and service providers (e.g., Internet Service Pro-
viders (ISPs)) may wish 10 vse such data to drive decisions,
for example, by computing metrics and viewing reports.

Various issucs and challenges exist with Lypical melrics
creation and reporting systems. lor example. entitics that are
dealing with data and vsing analytics tools for internal and
external use often create their own set of metrics, with little
lo no standardization, causing fragmentalion in metrics
definition, visualization, and reporting. This can lead 1o
inconsistencics.

As another example, customers/viewers of typical metrics
creation and reporting systems are forced 1o use fixed sets of
metrics. leading to inllexible systems being used (o analyve
data that may nol salisly customers” requiremoents.

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

Typically. the implementation ol new metrics o compule,
or the collection of new types ol data is 2 manual process,
requiring code changes and multiple deployment iterations
before the changes can be pushed out. This can lead 10
inefliciencies, such as delavs in collecting new data and
compuling new melrics.

l'or example, mobile applications (relerred 1o herein ag
“apps™) are commonly used 1o stream video content. The
apps can be configured to collect various data regarding
conlenl viewing. Suppose, lor example, thal a conlent pro-
vider/publisher assoclated with an app would like o collect
a new lype of data. lypically, the collection is hardeoded
into a pew version of the app, which is then deploved. The
app release cvcle mav oceur slowly however, and thus the
new dala may not be Immediately collected. Additionally,
cven when the app 1s deployed/made available. end-users
may not update the app inmediately, or ever. Thus, the
collection of the new data may be delaved, or never occur.

Described herein is a custom video metrics management
platform thai addresses issucs and challenges such as those
described above, As will be described in lurther detail below,
vsing such a plattorm, custom configuration of new data 1o
be collected from clients and/or the custom configuration of
new melrics o be compuled can be perlormed. In some
cmbodiments. the melrics management plaiform provides a
centralized conliguration platform for conliguring/conirol-
ling data collection and/or metric computation. Using such
a platform as described herein, a variety of metrics can be
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computed 1o allow for collection, analysis, and reporting. As
will be shown in lurther detail below, t(he techniques
deseribed herein provide Mlexibility in customizing the pro-
cess ol data collection. as well as flexibility in introducing
lew metrics.

Ag one example, suppose that a client has installed an app
that is conligured initially 1o colleet a first sel of performance
information. Suppose (hat al a later lime, a conlent provider
associated with the app would like 1o collect a new tvpe of
data (also referred to herein as “raw data,” “service statis-
ties,” “pertormance information,” “quality information,”™
and “telemetry data™) that was not initially confligured in the
first sl Typically. as deseribed above. collecting the new
data would require that app updates be made, as well as the
device end-user to update the app, betore the new tvpe of
datla can actually be collected. As will be shown below, using
the custom video melrics management platlorm deseribed
herein, such collection can be conligured dynamically and
pushed on-demand 1o the client device. This allows data

EEI

collection to be controlled without requiring action oo the 2

part of app developers and/or end-users.

l'urther, using the platlorm and the technigues deseribed
herein, feedback control and iterative processing cal also be
provided. For example, as described above, vsers of the
platform can define what data they would like to collect and
deline what metrics they would like o compule. Suppose.
lor cxample, (that afier the new dala and metrics are imple-
mented and integrated, it is determined that changes should
be made to the initial confipuration (e.g., dve 1o the results
of the data collectionimetric delinition not maltching (o
expecled results). The platform and techniques described
herein can be used o make corrections/conliguration
changes dvnamically/on-demand. This allows, for example,
for iterative debugging and analvsis, and end-to-end con-
figuration and data processing validation.

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

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

Suppose for example, that a coutent publisher, Acme
Video. has been collecling playing lime data and 1otal
content length data from players. Acme Video would like o
build a new “Percentage Complete™ metric that will mea-
sure‘capture the percentage of the video that a user has
walched. This will provide a measure ol how engaged

viewers are when walching content {c.g.. whether the users s

actually walch conlent. simply skip through i, ete.). Tow-
ever, using the existing collected plaving time and total
content length would only provide a rough estimate of the
pereentage completion.

Thus, in order 1o build a new. more accurale. pereenlage s

completion metric (an example of which will be described
below), a new type of data will also need to be collected. For
example, in order 1o compute the new metric, it would be
henelicial 1M a new iype ol information thal has not been
previously collecied. “play head (me™ (representing the play
position that a video plaver is on), could be collected.

In this example, in order to define the new metric and
conligure the collection of the new play head time dala
values, an employee (refered o herein as the “user™)
associaled with Acme Video accesses control module 102
via a vser interface (Ul provided by Ul engine 104. The
control module can be implemented as a standalone appli-
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cation and/or a browser-based client application executing,
on 4 clicnt device and communicaling with metrics man-
agement platform 122 (also referred (o herein as the “back-
oend™), as a part of the metrics management platform that
sends display data 10 a client application, or a combination.

Examples of metric and data collection configurations are
as [ollows.

Iixample Data Collection Conliguration

Az one example, suppose that when confipuring the
collection of the new play head time data valves, the vser
uses the interface 10 specify example code snippet 202 of
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
API) for this confipuration is specified 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-
[Tead Iime data is collecled on the Android mobile platform.
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 10 the same, common name “plavHeadTime.” This
name will be used as an identifier lor the values thal 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 the new data valucs are o be collected.
lior example, the user can specily, on a per-client type basis
{c.g.. based on operaling system. device lype. 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 collected values to platform 122 for 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
sel-lop boxes, game consoles, smart ' 1'Vs. broadband routers,
[ile servers, video servers, and digital video recorders. as
applicable.

In some embodiments, clients such as client 110 are
configured to play (e.g., stream) video content, which is in
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murn rendered on the client device (e.g., via an app, via a
Ilash. Silverlight, or ITTMIS player il a web browser
application is being used).

I'xample Metrics Conlfiguration

In addition to configuration of data collection, the user
also vses the control module 102 to configure the definition
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”

!

!

In this example, the new meiric is assigned the name
“percentageComplele.” A definition ol how the metric 1s
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 2

deseribed in lurther detail below. the metric configuration is
passed (o platlorm 122, which is conligured lo compule
metric values according to the definition provided in the
metrics eonfiguration.

Ag shown in this example, the value “plavHeadTime" is
used in the definition ol the new metric. The use ol the name
mapsiconnects the impul of the new metric compulation o
the newly collected data value, which is identified by the
name “playHeadTime™ that was specified in the data col-

lection confliguration. In some embodiments, the data values 3

collected [rom clients are stored by the platform using the
name “playl lead lime,” and when the metric s compuled.
the appropriate data valves are obtained by using the “play-
HeadTime” name as an identifier 1o perform a query (e.g.,

database query lor “playl lead T'ime™ values). Thus, the met- 3

ric configuration provides a centralized mapping ol 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,
hoth data collection from a video player and the backend/
platlorm metric computations are cuslomivable, where the
newly collected information can be directly used in defining
lew metrics.

In some embodiments, validation is perforimed 1o ensure
that cach inpul in the metric delinition mapsirefers w0 dala
that has been collected or will be collected (e.g.. as spociiled
i1 a new custom data collection configuration). In some
embodiments, an alert is provided (e.g., 10 the user via the
U1y that the metric input docs not match o known collected
data {c.g.
not existiis not found).

In some embodiments, the configuration is also vsed by
platform 122 1o determine how computed metric values are
stored. For example, the user can specily how they would

like the resulls ol metric compultation 1o be presented. which s

is used to inform how the computed wetric values are stored
(e.g., the mannerin which results are 1o be viewed/reported’
presented/provided as output is nsed to drive how the values
are slored).

As one cxample, the user can speeily that the values
should be stored as a time-series (e.g., stored as a daily
value, every five minutes, ete.). For example, the user can
speeily  that they would like an aggregated percenlage
completion value cach day (e.g., every day sum ol percent-
age completion). In some embodiments. such metrics con-
figuration parameters are included in the metrics configura-
tion as metadata.

, data with the name speciiied as a metric inpul docs 5
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Ag another example, the vser can specity that the values
are 1o be viewed as a distribulion. [or example. using a
hislogram. As one example. 4 user can conligure ten buckels,
with cach bucket storing (he number ol plays lor a dillerent
range of percentage completion values (e.g., one bucket for
0-10% completion, a second bucket for 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-
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 daiabase 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 of group-byvs. In the first example level, data is
apgrepated within a session. At the second example level,
aggregalion is performed across sessions. With the exible
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 conligurations 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
configuration, 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 confligurations can be perlormed separately/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 and/or metrics configurations and to transmit
those configuration instructions to clients and/or platform
122, as appropriate.

Iixample Data Collection

The new data collection conliguration is provided 10 a
client such as client 110. In this example, the data collection
configuration is passed from control module 102 to client
110 via platform 122. lor cxample, the data collection
confliguration is passed [rom the control module o the
platlform (c.g.. using IITIPS) over a network such as the
Internet (not shown) to data receiver 124 of metrics man-
agement platform 122, which forwards the data collection
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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 malch (c.g. based on altribules such as operaling
system, device tvpe, geographical location, ete.) to a speci-
fied sepment of clients from which the new data is o 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 configured 1o check
lor new collection conligurations {c.g.. at slartup of a media
player or an app such as media application 114). lor
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
(t.g.. originally received by the platform from control mod-
ule 102). As one example, the client obtains the collection
configuration nsing an HTTPs feteh 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
function in the configuration. In this example, suppose that
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- 3

figured to translate the [unction call in the data collection
conliguration into a client side rellection-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:

Method m=MediaPlayer.class.getMethod{*gelCurrent Po-
sition™, null)

Ag shown in this example, the configuration handler has
used the specified data in the configuration (e.g., “Android™
and [unction call “getCurrentPosition”) o generale code that
will execule code in the language appropriale lor the speci-
fied operating svstem?/Al']l. For example, because client 110
is an Android device, it will generate the example method
call above vsing “getCurrent Position™ that is usable in the
Android operating system/APLL ITa corresponding conligu-
ration is specilied lor 108 devices and indicales the name ol
an APT call 1o vse to collect the plavHeadTime value, the
configuration handler resident on an 05 device will trans-
late the configuration and generate code that will exceule the

appropriale lunction call usable in the 108 operating system/ s

APL

In wvarious embodiments, the configuration handlers
installed on variovs clients are configured to support the
translation of oblained data collection conliguration inlo any

player language or operating system/APL as appropriale. s

Thus, a single standardized data collection definition can be
written, where configuration handlers installed on disparate
clients of various types can translate the data collection
definition inte code that is in the language appropriale lor
them (o perform data collection.

In the above example, the “user” specified the name of the
function call to be performed for a given operating system’
APL which was then used by the conliguration handler (o
generate execulable code that is in the language appropriale
lor the device that the conliguration handler is resident on.
In other embodiments, the confipuration is specified to
directly include the executable code tor calling the named

[

1

1

40

45

.t

Gl

G5

8

tunction (e.g., the method call “m™ shown above), which can
be directly execuled by the confliguration handler. without
translation.

The exceulable code generaled as a resull of the language
translation is then passed to data collector 116, which is
confipured to use the code to reactinteract with media
application 114 and/or media plattorm 118 to collect the
requesied data. In some embodiments. the media platform is
a moedia processing cngine. which may be imlegrated with an
operating syslem {e.g.. mobile operating system, desklop
operating svstem, efc.). Examples of media platforms
include AVFoundation (e.g.. uvsed with i0S), Windows
Media Plaver, Gstreamer, etc. In this example, data collector
116 and conliguration 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

2n this case “plavHeadTime™) specitied 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
heartbeal containg a snapshol of the sesslon state al the (ime
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 heartheat message is transmitted 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-
ration.

Iixample Metric Computation and Slorage

The heartbeal message [rom clicnt 110 s received by data
receiver 124 of plattorm 122, As will be described in further
detail below, platform 122 is configured to vse the collected
data values included in the received heartbeal messages 1o
perform melric computation. The metric compulation is
performed according, to the metrics configuration described
above. In some embodiments, the storage of the computed
metric values is also pertormed based on the metrics con-
liguration.

In some embodiments, data receiver 124 1s conligured 1o
perform mapping, translation, and packaging of the received
heartheat message into an internal data strueture. As one
cxample, the galeway is conligured o consolidate and
normalive the data included in heartbeal moessages (c.g.,
normaliving the “playl lead Time™ data values collected [rom
various clients of potentially disparate types into a standard
torm).
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After the packaged heartbeat message is processed by
datla receiver 124, 1 is then senl 1o messaging layer (128) ol
dala processing engine (126). As one example. the messag-
ing layer i implemented as a Kalka messaging queue.
Messaging laver/quene 128 is confipured to distribute the
heartbeat message to real-time computation engine 130 and
ofMine computation engine 132, In some embodiments. the
colleeted data included n the heartbeat, including the “play-
HeadTime"” values, is also stored 1o persistent storage 134
cluded in offline computation engine 132 as raw data.

In this example, the real-time computation and offline
computalion engines are conligured lo compuie values lor
the new percentage complelion melric according o the
example metrics configuration/definition above, which was
provided to plattorm 122 from control module 102, As
deseribed above, the metrics conliguration defines the metric
1 be compuled. and includes the names/identifiers ol col-
lected data 1o be used as impuls in compuling the metric
value. In this example, the metrics configuration indicates
that one of the input values is the newly collected data value
“playllead lime.” "The “playllead lime™ data values are
obtained (o perform metric compulalion.

Real-time computation engine 130 is configured to com-
pute metric values in real-time, for example, as heartheat
messages are recerved. In this example, real-time computa-
tion engine 13 is conligured to extract/collect “playllead-
Time™ data values from heartbeal messages, in real-lime, as
thev are received by platform 122, For example, the “play-
HeadTime" values can be extracted using the name specitied
in the metrics configuration. In one example embodiment.
real-time compultation engine 130 is implemented using
Apache Spark Strcaming.

Offline computation engine 132 is contigured 10 compute
metric values offline (e.g., as part of a batch process). In

some embodiments. the oflline computation engine is con- 3

figured (o obtlain nput values [rom persistent storage 134
{(where collected raw data is stored). In this example, the
newly collected “plavHeadTime™ values that are extracted
from heartheat messages have been stored in persistent
storage 134 to be made available al a later time. When the
ofMline computation engine 132 performs metric compula-
tion, the names of the raw data values to be vsed as input
values, as specified in the metrics configuration, are nsed to
access and obtain data valvues from persistent storage 134. In
various embodiments, oflline computation engine 132 can
be implemented using Spark. |adoop. cle.

The metric valves computed by real-time computation
engine 130 and offline computation engine 132 are then
stored. For example. the percentage completion values com-

puted by real-lime computation engine 130 and oflline s

computalion engine 132 are stored Lo storage 138 and lurther
analysis engine 140 of query engine 136, respectively. In
some embodiments, query engine 136 is configured to
[acilitale storage. querying, and analysis of computed mel-

rics. In some ecmbodiments. storage 138 and lurther analysis s

engine 140 are configured to store the computed values
according 1o metrics confipurations (e.g., provided as
struetions by the configuration module 106), as described
above.

l'or example, storage 138 and further analysis engine 140
are confipured to read received storage configuration
mstruetions. As one example, suppose that the uvser has
speeified (hat they would like o aggregale the computed
percentage completion values and store them on a daily
bagis. Based on the storage specification. Tor example.
storage 138 creates a new row for each daily agpregation of
percentage completion values. Thus, each day, an overall
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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 compuled. In
various embodiments. storage 138 s implemoented as a
Redis cache, vsing Phoenix, HBASE, etc.

In various embodiments, further analysis engine 140 is
implemented vsing Hive, Spark SQL, ete. The further analy-
sis engine is conligured o perlorm [urther processing or
lacilitale [urther analysis of computed metric values (c.g.,
via data analvtics).

Now that the computed percentage completion values
have been stored. they can be aceessed and. for example,
presented (o users. Vor example, the compuled values can he
presented o users via Ul engine 104 of control module 102,
which is configured to facilitate reporting. In some embodi-
ments, the presentation of the computed metric values is
based on the manner in which they are stored. lior example,
a custom dashboard can be erealed o view the pereenlage
completion values that have been aggregated and stored on
a per-day basis,

Thus, as shown in the above example, configuration can
be perlormed across an enlire conlent distribulion system/
ceosyslem. rom data collection, 0 metric compulation, 1o
storage of computed wetric values, and o the user intertace/
data presentation layer. As shown above, collection and
metric implementation instructions can be pushed o clients
and the metrics management platlorm, providing control
over data colleclion andfor melrics conliguration. This can
provide various benetfits.

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

Asg another example, suppose that a new version of a
mobile operating syslem exposcs a4 new piece ol perlor-
mancedelemetry/service information thal was previously
vnavailable to be collected. Using the techniques described
herein, the new data can be collected without changing a
plaver application and/or without requiring the plaver appli-
calion o be updated {e.g.. as the configuration handler and
data collector can be controlled (o perform the collection).

In the above example of FIG. 1, both a new custom metric
and a custom data collection were configured. The configu-
ralion ol 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 collected data as input. For example,
suppose that bitrate switch events have already been col-
lected [rom players into the backend 122, The user would
like w0 define a new metric that caleulates the rate of bitrate
switches. The vser can do so by defining the new custom
metric as described above.

A user can also define the collection of'a new piece ot data
withoul speeifying a custom new melric. For example. the
new data can be collecled using the lechnigques deseribed
herein and stored (e.g., In persistent storage 134 of FIG. 1)
as raw data. The collected data can then be used at a later
lime o compule various metrics (whether custom conlig-
ured. generic. delault. cle.).

As one example, suppose that a new 31 touch capability
has been introduced tfor the i8S that has recently heen
released. The content provider does not vet have a metric
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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 following is an example code snippet that can be
specified for collecting the 3D touch data.

“3¥Touchlivent™ |

“io8™ |
“lune™: ios.sereen.31Y louch™
}

!

}

‘The conliguration of the new data collection is oblained
by client devices, as deseribed above, which are conligured
Lo translate the data collection conliguration inle executable
code 1o collect the new data. The data is then sent 1o a
platform such as plattorm 122 of FIG. 1, where it can be
stored as raw data. The collected data can then be used at a
later time as inpul when compuling various metrics. The
collected data can also be used as inpul lo melric compu-
tations that are not custom configured, such as detault or
generic computations that are built in or already available
{and do not need 1o be newly defined). For example, a
predelined aggregation such as g “sum”™ operation can be
applicd Lo the newly collected data. As another example, the
raw data can be used at a later time for offline computation
{e.g., using offline computation 132 of FIG. 1).

IIG. 2 illustrates an example embodiment ol a conligu-
ration file. In this example. conliguration file 200 includes
data collection confliguration 202 and metrics conliguration
204, described in turther detail above in conjunction with the
example environment of FIG. 1.

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

and metric conliguration. In this example. a user configures
a cuslom melric and‘or clienl data collection al 302, for
example, using a web Ul or ATL, as described above. At
304-308, the custom metric and/or the data collection con-
figuration, examples ol which are provided above in con-
junction with the example environment ol UVIG. 1 and in LG
2, is transmitted/provided 1o various components, such as
clients {e.g., clienr 110 of FIG. 1) and a backend such as a
metrics management platform (e.g., plattorm 122 of FIG. 1),
as appropriale.

When the client receives the data collection conliguration.
the client uses the obtained configuration to collect the
custom configured data, which is sent back 10 metries
management platform 122 at 310, As one cxample, the

collected data is then sent Lo the platlorm for storage andior s

dala processing as described above (e.g.. real-lime compu-
tation, offline computation, storage, turther analysis, etc.)
according, to the custom metric configuration. The platform
ulilizes the custom melric conliguration o compule cuslom
metric values.

At 312, computed metric values can then be fed back
{e.g., 10 a control module such as control module 102 over
a networl such as the Internet) and presented to the user at
314, [or example. viaa web UL For example, the metrics can
he provided in a dashboard report.

As will be described in turther detail below, teedback
control 316 allows for validation (e.g., end-to-end valida-
tion). where users can validate the resulls of the custom dala
and/or metrics conliguration. For example, compuled mel-
rics values can be monitored/evaluated/analyzed and used as
feedback to determine whether any adjustments to data
collection and/or metrics configuration should be made.
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The feedback control also allows for resource scaling,
which will alse be described in Turther detail below. Lior
cxample, the resources wlilized in processing collected data
and/or compuling new metrics can be evalualedmonitored
and uvsed as feedback n determining if' resource scaling
should be performed.

Data Collection Conliguration

FIG. 4A s a flow diagram illustrating an embodiment ol
a process for configuring data collection. In some embodi-
ments, process 400 is executed by control module 102 of
FIG. 1. The process begins at 402 when a specification of a
data collection conliguration 1s received. In various embodi-
menis, the specification of the data colleetion configuralion
is obtained via a user intertace (e.g., web Ul), an API, as
described above, etc.

In some emboediments. the specilication 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 to be assigned. The specification can also include

20 a specification of an operating svstem/ADl] of interest and an

indication ol a corresponding [unction calliremote proce-
dure call. In some embodiments, the indication of the
tunction call is a name of'a function call compatible with the
specified operating system/AD] that, when executed by a
client, collects the requested data valve. For example, atter
receiving the confliguration. (he client is conligured (o trans-
late the metries conliguration inte code thal 1s executable on
the operating svstem/appropriate tor the specified APl The
code, when executed, executes the specified tunction call,
which causes (he requesied data 1o be oblained/collected.

In some embodiments, the specification of the metrics
confliguration includes parameters indicating how the new
data i3 10 be collected. As one example, a frequency (e.g.,
time driven basis) of collection can be specified. In some
cmbodiments. such paramelers are included as metadata in
a dala collection conliguration.

AL 404, instructions are provided 1o one or more clients.
In some embodiments, a configuration file including the data
collection specification is provided 1o content plavers resid-
ing on clients. In some embodiments. the clientsiconient
players w0 which the dala collection conliguration is trans-
mitted/otherwise provided are determined based on a speci-
fied sepment definition. For example, a segment of clients
from which the data should be collected can be specified.
The segment can be defined based on a sel ol attribules!
characieristics of the segmenl. such as device type, conlent
plaver type, operating svstem (version), etc. In some
embodiments, the data collection configuration is pushed 1o
clients dircetly. In other embodiments. the data collection
configuration s transmitted (irst 0 a backend such as
platform 122, "The data colleclion conliguration is (hen
provided to/fetched by the client in response to a client
request for any new/latest data collection configurations
{c.g.. il available).

Metrics Conliguration

FIG. 4B is a flow diagram illustrating an embodiment of
a process for metrie configuration. In some embodiments,
process 430 is executed by control module 102 of FIG. 1.
The process beging al 432 when a definition of a metric o
be computed s received. In ovarlous embodiments, the
definition of the metrics configuration is obtained via a vser
interface (e.g., web UD), an AP, as described above, etc.

In some embodiments. the metric confliguration includes
a4 name (or any olher appropriate identifier) of the melric
being conligured. In some embodiments, the metric delini-
tion includes a formula/function that indicates how collected
data valves/existing metric values are to be combined
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together 1o compute a value, For example, the metrie is
deflined using a sel of operations o be performed using
collected data values. In some embodiments. the delinition
indicates 1 mapping between metric inpuls and collected
data values. For example, the inputs of the metric formula-
tion can be specified nsing the name (or any other appro-
priate identifier) of collected raw data values (where the
name of the data value 10 be used as inpul 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
(e.g., sum), on a time driven basis (e.g., daily sum), as a

distribution (e.g., vsing a histogramy), ete. In some embodi- 2

ments. the storage specilleation is based on an indication ol
how metric values are (o be presented (e.g., in dashboards.
reports, etc.). For example, a vser can specify that they
would like to view computed metric values as an aggrega-
tion, on a time driven basis, as a distribution, etc., as
deseribed above. In some embodiments, explicil slorage
conliguration 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 for the metric being con-
figured).

In some embodiments. validation is performed on the
metrics conliguration. For example. il can be delermined
whether indicated data values to be used as input to the
metric computation are valid (e.g., exist). For example, the

names of (the data o be used as input are chocked against a3

sel ol dala/metric value names that have been collected!
computed and/or will be collected/computed. IT the speciiied
data for input is not available, then in some embodiments,
notifications can be sent to alert users of the invalid metric
compulalion inpul.

Al 434, instructions are provided based on the metric
configuration definition. For example, the metrics configu-
ration is provided to a platform such as metrics management
platform 122 of FIG. 1. In some embodiments, computation
and/or storage ol metric values 1s performed according o the
metrics conliguration.

Configuration of Data Collection and Metrics

Metrics and data collection configuration can be per-
lormed separately/independently ol cach other, lor example.

using processes 400 and 430 of FIGS. 4A and 413, respee- 5

tively. As shown in the example environment of FIGL 1, both
data collection and metrics configuration can also be per-
formed concurrently, where the metrics configuration refer-
encesiuses as inpul a dala value that is (o be collected.

I'IG. 4C 1s a Tow diagram llusirating an embodiment ol s:

a process for configuring data collection and metric con-
figuration. In some embodiments, process 460 is executed
by control module 102 of FIG. 1. The process begins at 462
when a specification ol a data collection configuration s
received. The data conliguration includes an indication ol
raw data 1o be collected. In some embodiments, process step
462 is implemented vsing process step 402 of process 400 of
FICr. 4A. AL 464, a delinition of a metric is received.
including a mapping between a metric impul and the raw data
1o be collected, as specificd al 462, In some embodiments.
process step 464 is implemented vsing step 432 of process
430 of FIG. 4B.
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At 466, the data collection configuration is provided 1o
one or more clients. In some cmbodiments. process step 466
is implemenied using process step 404 of FICG. 44, AL 468,
the melrics conliguration is provided as oulpul. In some
embodiments, process step 468 is implemented using pro-
cess step 434 of process 430 of FIG. 4B,

Data Collection

1G5, 5 15 a (low diagram illustraling an embodiment of a
process for performing custom data collection. In some

3 embodiments, process 500 is executed by a client such as

client 110 of FIG. 1. The process begins at 502, when a data
collection conliguration is oblained. The data collection
confliguration includes a specilication ol a data 1o collect. An
example of a data collection confipuration is shown at 202
of configuration 200 of FIG. 2, and described above in
conjunclion with the example environment ol UVIGG. 1. In
some cmbodiments. the data collection comfliguration is

FIGS. 4A and 4C, respectively.

In some embodiments, the data collection configuration is
fetehed. For example. a elient sends a (irst hearthbeal message
{described above) (o a platlormibackend such as metrics
management plattorm 122, In response, the platform pro-
vides the data collection configuration 1o the client (e.g.,
latest data collection configuration received from a control
module such as conirol module 102 o IIG. 13 In some
cmbodiments. the data collection conliguration includes the
specitied name for the data value to be collected. The data
collection configuration also 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 (c.g.. name) ol the
tunction call nsable in the indicated operating svstenn/AD' 1o
collect the requested data valve. In some embodiments, the
data collection configuration includes specilications of [une-
tion calls for dillerent types ol operaling systems/APIs, all
ol which arc associaied with (he same, common collected
data value name (i.e., although data valvues will be collected
vsing difterent function calls for 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 of an appropriate langunage. For example, a
configuration handler such as configuration handler 112 of
client 110 determines (he operaling system/ API of the client
on which it is resident, or the API that is usable given the
configuration of the client. The configuration handler then
looks up, 1n the data collection configuration, the function 1o
be called lor the operating system/ API of the client. In some
cmbodiments. the indication ol the operating system/API
and the function call are used (o gencrale execulable code
vsable with the operating system/ADT of the client that when
executed, collects the requested data valve. As another
cxample, (he conliguration is translaled into code that is in
the language of the player residentiinstalled on the client.
One example of generated code translated from the data
collection configuration is an AT call. An example of such
executed code is described above in conjunction with the
cxample environment of VIG. 1.

In some embodiments, the exact code (e.g.. AP eall) 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 directly exceuled o perlorm data collee-
lion.

AL 506. the code is exceuled and used o colleet the
specitied data. For example, a data collector such as data
collector 116 of FIG. 1 is confignred to execute the code and
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collect data values from media components such as a media
application, player. platform, cle. In some embodiments, the
collected data values are collecled al a lrequency spoecilled
in the data collection conliguration. In some cmbodiments.
the data values collected using the executed code are
assigned the name specified in the data collection configu-
ration,

AL 508, the collecled data is provided as output. In some
embodiments, the collected data values are packaged inlo
mossages such as heartbeal messages. as desceribed above.
The messages are transmitted 1o 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  Metrie Compultation 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 is obtained. For example, a metric
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 of FIG. 1. In some embodiments, the metrics configu-
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 3

data values. The metrics conliguration also includes a map-
ping of collected dala values 10 melric 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 3

ol the collected data value is dircetly specilied as an inpul in
the definition of the melric). In some cmbodiments. the
configuration also includes a name of the confignred metric.

At 604, the data valves used as input in computing the
metric are oblained, and al 606. metric values are computed
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 to perform real-time cowmputation (e.g., vsing
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- s

lorm 122 ol U1 1). and oblained using the names of the raw
data specified in the metrics computation definition. Batch
computation of metric valves 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
metric values can include the originally computed metric
values andior processed compuled metric values, which can
be grouped, aggregated. cle. according o the oblained
metric configuration, as described above. For example, in
some embodiments, metric configuration includes an indi-
catiom o how compuled metric values are o be stored.
which can be based on how compuled metric values are Lo
he presented. As deseribed above, computed metric values
can be grouped (e.g., using collection, splitting, accumula-
Tion, etc.), stored as aggregations (e.2., sums), o0 a time-
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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-
cralion can be perlormed. For example, suppose thal a
metrics configuration specifies that a daily sum aggregation
of computed values of 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 generated tor that day. In
some embodiments. the original computed values are also
maintained in storage. lior example. a dalabase 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
specilied in the metrics conliguration, the computed metric
values can be stored in a detault manner (e.g., in a database
column with the name of the configured 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 presented 1o vsers 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
cxample, an end-lo-end validation work(low operales 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. lor example. upon conliguration ol data col-
lection and/or metrics, the results ot the configuration can be
validated. As one example, referring 1o the environment of
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 modified (which can
be perlormed using (he technigues [or custom configuralion
deseribed herein). This allows. [or example. lor ileralive
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
compuled. In some embodiments. generaling a relerence
model includes establishing a test client. The test client is
confipured 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
be configured, at various times throughout a session, 10 play
through a first portion ol a conlent item, skip to another
portion of the content item, pause [or some lime, then play
another portion before stopping the viewing session.

The test client is then cavsed to play the video according
Lo the (est specilication. The raw data values collected [rom
the client are then used as input 10 compule the percentage
completion metric. The test resull is then compared against
the expected result. It the results match (e.g., exactly, or
within a threshold range), then the results are validated and
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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. alertsmotifications can be pro-
vided as output (e.g2., 1o Ul engine 104 of control module 102
of FIG. 1) based on the validation. For example, if 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
and metrics confipuration. The vser can evaluate the results
ol the test, [or example. Lo perform ilerative debugging and
correel, 1l necessary. (the data collection andfor 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 ol UIG. 1. The process beging al 702
when a test client is cavsed to be established. In some
embodiments, establishing the test client includes configur-
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 perform default/existing data
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 (est client 3

is passcd 1o a backend such as platform 122, as deseribed
dbove. T metrics conliguration is (0 be tested. melrics 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
(e.g., via a Ul provided by Ul engine 104 of 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 (e.g2., alerts it the test and expected results do not
malch).

Data collection and metrics conliguration can be lested
together/concurrently and/or separately.

Scaling,

‘The compulation ol new metrics and/or collection ol new

dala can require ncreased resource usage. lor example. s

more  processing/computation  (c.g. CPU)Y power and
memory may be needed to handle the computation of new
metrics. As another example, additional storage 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-
mre. In the example of backend 122 of FIG. 1, the platform
includes 4 custom scale controller 142 that is conligured Lo
[acilitate/support the scaling of the metrics management
platform. As one example, metrics management platform
122 is implemented vsing Amazon AWS. In this example,
the custom scale controller is confligured o ulilize the AWS
auloscaling API (o scale up the resources ulilized by the
melrics management platform w0 accommodate the new
metrics and/or data collection that has been configured. For
example, an operator-user such as an IT personnel can
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monitor the resource utilization of the metrics management
platlform in response o the conliguration of new melrics
andi/or data collection. and use the custom scale controller 1o
notily the on-demand scaling o make resource capacily
changes as hecessary (e.g., 1o provision new nodes).

Thus, the utilization of resources in collecting new data/
compuling new melric values can be monitored and pro-
vided as [cedback 1o delermine whether resources should be
scaled 1o accomumodate the new data collection/metrics
configuration.

Although the forepoing embodiments have Dbeen
deseribed in some detall Jor purposes of clarity of under-
standing, the invention is not limited (o the details provided.
There are many alternative ways of iimplementing the inven-
tion. The disclosed embodiments are illustrative and not
reslriclive.

Whal is claimed is:

1. A system, comprising:

one or more processors configured to:

oblain. al a client device, a data collection conligura-
tiom. wherein the data collection conliguration speci-
fies:
a common hame of a type of data value 10 be
collected; and
a plurality ol dillerent lunction calls usable wo collect
the type ol dala value rom a plurality ol dillerent
types of client devices, wherein raw data values
collected vsing the plurality of function calls are
mapped 1o the common name specilied in the data
collection conliguration:
hased al least in part on an altribule associaled with the
client device, determine a tunction call, in the plu-
rality of ditferent function calls, usable to collect data
values associaled with a content player associaled
wilh the client device:
in response 1o delermining the [unction call, translate
the data collection configuration into executable
code in a language vsable 1o collect the data valuves;
colleet the data values al least in part by executing the
cxccutable code into which the data collection con-
figuration was translated;
assign 1o the data valves collected by executing the
executable code, the common name specified in the
data collection configuration: and
provide the collected data values as oulpul. wherein the
collected data values are used as input 10 computa-
tion of a wetric based at least in part on the assigned
common name: and
a4 memory coupled (o the one or more processors and
conligured (o provide the one or more processors with
nstructions.

2. The system recited in claim 1, wherein the data
collection configuration includes a specification ol al least
one ol an APl and an operaling system ol inlerest.

3. The system recited in claim 2, wherein the language
into which the data collection configuration is translated is
based at least in part on the specified at least one of the API
and (he operaling system.

4. "The system reeiled in claim 3. wherein the translation
is performed based at least in part on the determined
tunction call and the at least one of the APT and the operating
syslem.

5. The syslem reciled n claim 1, wherein the data
collection conliguration speciiies a frequency ol collection.

6. The system recited in claim 1, wherein the collected
data valves are provided in a hearthbeat message.
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7. A method, comprising:

oblaining. al a client device. a dala colleetion conligura-
lion. wherein the data collection conliguration speci-
fies:

a colmmon name of a tvpe of data value to 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
collected using the plurality ol lunction calls are
mapped to the common name specified in the data
collection confignration;

based at least in part on an attribute associated the client
device. determining a [unciion call. in the plurality ol
dilTerent Tunction calls. usable 1o collect data values
associaled with a contenl player associaled with the
client device;

i response 1o determining the funetion call, translating
the data collection configuration into executable code
in a language usable (o colleet the data values,

colleeling the dala values al least in part by execuling the
executable code into which the dala colleetion conligu-
ration was translated;

assigning to the collected data values collected by execut-
ing the exceutable code. the common name specilied in
the data collection configuration; and

providing the collected data values as outpul, wherein the
collected data values are used as input to computation

of a metric based at least in part on the assigned ~

comman hame,

8. The method ol claim 7. wherein the data collection
conliguration includes a specilication of al least one of an
APIL and an operating sysiem ol interest.

9. The method of claim 8, wherein the language nto
which the data collection configuration is translated is based
at least in part on the specified at least one of the AT and
the operaling system.

10, The method ol claim Y, whercin the translation is
perlormed based al least in part on the determined [unction
call and the at least one of the AT and the operating system.

11. The method of claim 7, wherein the data collection
configuration specifies a frequency of collection.

12. "The method of claim 7, wherein the collecled dala
values are provided in a hearlbeal message.

13. A syslem, comprising:

ole or more processors configured 1o:

obtain a configuration of a wetric, wherein the metric
configuration inclides:

a definition ol how computation ol the melric is o be
perlormed: wherein the compulation inpul com-
prises a common hame assighed to a type of the
collected data;

based at least in part on the mapping, obtain data values
collected lrom a plurality ol content players. wherein
al least some ol the content players in the plurality
are assoclatled with elient devices ol disparale types.
wherein the data values collected from the plurality
of content plavers are collected according to a stan-
dardized data collection configuration transmitted to
the clicnt devices. and wherein the oblained dala
values collected [rom the plurality of content players
are assigned the common name:

wherein the standardized data collection configuration
specifies:
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the common name of the type of the collected data;
and
a plurality of dillerent Tunctions calls wsable 1o
collect the type of the collected data from a
plurality of ditferent tvpes of client devices,
wherein raw dala values collecled using the plu-
rality ol [unction calls arc mapped (o the common
name specified in the standardized data collection
configuration;
wherein a client device is confligured 1o colleel data
values al least in part by translaling (he standardized
data collection configuration into executable code in
a language vsable by the client device 1o collect the
dala values:
compule melric values according Lo the delinition: and
store one or more results associated with the computed
metric values; and
a4 memory coupled (o the one or more processors and
conligured (o provide the one or more processors with
nstructions.

14. The svstem recited in claim 13, wherein the mapping
comprises the common name assigned 1o the obtained data
values. and whercin the common name 1s used as the
computation input.

15. The svstem recited in claim 13, wherein storing the
ole or more resulrs associated with the computed metric
values 1s based at least in part on the metric configuration.

16. The system recited in claim 13, wherein storing the
obe or more results includes dvnamic schema generation,

17. The system recited in claim 13, wherein the stored one
or more resulls are determined al Teast in part by grouping
al least some ol the compuled metric valucs.

18. The system recited in claim 17, wherein the at least
some computed metric values are grouped by performing at
least one of collection, splitting, and accumulation.

19. The system recited in elaim 17, wherein the at least
some computed metric values are grouped on a lime-driven
busis.

20. The system recited in claim 13, wherein at least some
of the stored one or more results are provided as ontput.

21. A method. comprising:

obtlaining a confliguration ol a metric. wherein the metric

configuration includes:

a definition of how computation of the metric is to be
performed; and

a4 mapping belween a compulation input and collected
data, wherein the compulation inpul comprises a
comon hame assigned 10 a type of the collected
data;

based al least in parl on the mapping. oblaining data

values collected [rom a plurality of conlent players,
wherein al least some ol the conlent players in the
plurality are associated with client devices of disparate
tvpes, wherein the data valves collected from the plu-
rality of content players are collecied according 10 a
standardized data collection confliguration transmitled
1o the client devices and wherein the obtained data
values collected from the plurality of content plavers
are assigned the common name;

wherein the standardized data collection conliguration

specilics:

the common name of the type of the collected data; and

a plurality of different functions calls usable to collect
the type ol the collected data [rom a plurality of
dillerent types ol client devices, wherein raw data
values collected using the plurality of Tunction calls
are mapped to the comumon name specitied in the
standardized data collection confipuration;
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wherein a client device is configured 1o collect data values
al least in part by translaling the standardized data
collection configuration into excewlable code in a lan-
guage usable by (he o colleet the data values;

computing metric values according to the definition; and

storing one or more results associated with the computed
melric values.

22. The method of claim 21, wherein the mapping com-
prises the common name assigned to the obtained data
values, and wherein the common nhame is used as the
computation input.

23. The method of claim 21, wherein storing the one or
more resulls associated with the compuled metric values 1s
based at least in part on the metric configuration.

24. The method of claim 21, wherein storing the one or
more results includes dynamic schema generation.

25. The methed of claim 21, wherein the stored one or
more results are delermined at least in part by grouping at
least some of the computed metric values.

26. The method of claim 25, wherein the at least some
computed metric values are grouped by perlorming at least
one of collection, splitting, and aceumulation.

27. The method of claim 25, wherein the at least some
computed metric values are grouped on a time-driven basis.

28. The method of claim 21, wherein at least some of the
stored one or more results are provided as outpul.
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In the Claims
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