{(12) United States Patent

Sun et al.

US0118383

43B2

a0y Patent No.:  US 11,838,343 B2
(45) Date of Patent: Deec. 5, 2023

(54

(71)

(72)

(73)

(21)

(22)

(86)

(87)

(65)

(51)

(52)

ASSET METADATA SERVICE

Applicant: Conviva [ne.. loster City, CA (US)

Inventors: Chang Sun, Beijing (CN); Lei Cao,
Langtang (CN}; Ningning Hu, San
Jose. CA (US)

Assignee: Conviva Inec., Foster City, CA (US)

Notice:  Subject 10 any disclaimer, the term ot this
patent is extended or adjusted under 33
US.C154(b) by 0 days.

Appl. No.: 17/431,554

PCT Filed: Jun. 21, 2019

PCT Nou: PCTACNZOT19/4092363
§ 371 (c)(1).
(2) Date: Aug. 17, 2021

PCT Pub. No.: WO2020/252783
PCT Pub. Date: Dec. 24, 2020

Prior Puhlication Data

US 2022/0141276 Al May 5, 2022

Int. CI.

HH04E 65612 {2022.01)

HO4IN 21/435 (2011.01)

HOIN 21/442 (2011.01)

HO4IN 217658 (2011.01)

Us. CL

CPC o 041 65612 (2022.05%; HOIN 217435

(2013.01); HO4N 2844204 (2013.01): HO4N
21/6582 (2013.01)

250—\

{58) Field of Classification Search
CPC L T041. 63/612; 11041, 67/535: TI0AN 21/435;
HO4N 21/44204; HO4N 21/6382; HO4N

2172353
See application (ile [or completle scarch history.
(36) References Cited
LIS PATENT DOCUMENTS
8,572,483 B1® 1072013 hlorenvo ... GOOF 3/0481
T15:224
8,782,701 B2*® 72014 Yu ..o HOMN 21747214
T25/39
2,602,830 B2 342017 (nan
HIN80005132 Al 172008 Herbeck
10/0036909 Al 22010 Ti-Hye
201170055176 Al 32011 Chot
20140074894 Al 32014 llan
2014:0337808 AL*® 1172014 Armitage ... GU6L L1760
T15:864

(Continued)

FOREIGN PATENT DOCUMENTS

CN 105323622 272016

Primary Fyaminer  Adil Ocak

(74) Anorney, Agent, or Firm  Van Pelt, Yi & James
[P

(57 ABSTRACT

listablishing a data slore ol conlent metadata includes
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"1234367890"; [ e

508<

h'd

512<

514

—

516

"source": “conviva“,~ﬁh_
"brand": "AcmePlus", 504
[ "extractionRules": | 506

"obiectId™: {
L] bR, mptL} el n " . n
predefinedRile”: "AcmeObjectId
' 510
"customerTags. showTitle™: {
"fieldName": "asserField.showTitle®
e
"custemerTags. seasonNumber":
"fieldName”: “assefField,seasonNumber"
b

"customerTags. seriesName™: |

}

fieldNeme": "assetField.seriesName”
I
T"customerTags.rame™: §

"re": " (?P<name>.*)",
"groupMepping™: {“"name": "assetFisld.name"}

H
H

r
"customerTags. episoceNumber®™: |
*fieldName": "assetField.episcodeNumber"
}

f
"ecustomerTags.genre”: |
"fieidName": "assetField.genrelList"
by
"customerTags.pubDate”: {
"ZieldName": "assetField.seriesPremiere®
b
"customerTags.contentType”: |
"FieidName": "assetField.categoryiype"
}

"defaultValues.videcType™: {
YfieldValue"™: "VOD"

}

by

"fieldPriority": {

US 11,838,343 B2

"assetField,seasonNumber”™: ["customerTags. seasonNumber®, "objectId"],
"assetFie_d.episcdeNumber”: ["customerTags. episodeNumber”, "objectId”],
"aggetField,showTitie™: ["customerTags. showTitle", "objectId"],

YagsetField.name™: ["objectid", "customerTags.name"],
"assetlleld.seriesName": ["customerTags. seriesName
"assetField.genrelist™: [YcustomerTags.genre"],

" "objectId"],

"assebField.seriesPremiere™: ["customerTags.pusDate”],
"agsetfie_d.conteniType": ["defauitValues.videoType"],
"assetField.categorvIype": ["cuszomerTags.conteniType”]

b
"fieldReassign":{
"assetFie_d.name": ["assetField.seriesName"]
I
"aliasFields™: [
Yagsetfie_d.seriesName”,
"assetFie_d.sgeasonNumber®,
YassetField. episodeNumber",
"aassetField.nane"]

FIG. A
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"I356819202": |
"source™: "conviva",
"brand": “AcmeDrama",
"extractionRules": {
"gbjectld”: {
"“predefinedRule”: "AcmeObjectId"--\_522
I

"customerTags. showTitle": {
PfieldName": "assetField.showTitle"

by

"customerTags. seasonNumber™: {
"fieldName": "asset¥Field.seasonNumber"

s

"customerTags. seriesName™: |
"fieldName": "assetField.seriesName®

b

"customerTags.name™: |
"re™: "(?P<name>.*)",
"groupMapping™: {"name”: "assetField.name"}

"customerTags. episodeNumber™: {
"fieldName": "assetField.episodeNumber™
}s
PoustomerTags.genre™: |
"fieldName™: "assetField.genrebList”
}s
P"customerTags.pubDate": |
"fieldName": "assetField.seriesPremiera"
L
"eustomerTags.contentType™:
"fieldName": "assetField.categoryIlype”
}s
"defaultValues.videoType®: {
*fieldValue™: "“W0OD"

1

be

"fieldPriority": {
"assetField.seascnNumber®: ["customerTags. seasonNumber™, "objectIda®],
"assetField.episodeNumber": ["customerTags. episodeNumber", "chiectId"],
"assetField.showTitle™: ["customerTags._shoﬁTitle", "chiectId"j,
"agsetField.name": ["c¢biectId", "customerTags.name"i,
"assetField.seriesName": ["customerTags. seriesName","objectid"],
"assetField.genrelist™: ["customerTags.genre®],
"assetField.seriesPremiere™: ["customerTags.pubDate"],
"agssetField.contentType™: ["defaultValues.videoType"],
"assetFleld.categoryType"”: ["customerTags.contentType"]

}

"fieldReasgsign™:{
MaggetField.name": ["assetField.seriesName"]

T

"ailasFields": |
"assetlield.seriesName",
"assetField. seasonNumber®,
TassetField.episodeNumber”,
"assetField.name™]
FIG. BB
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1
ASSET METADATA SERVICE

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application claims priority to International (PCT)
Application No, PCT/CN19/92363 entitled ASSET META-
DATA SERVICLE. filed Jun. 21. 2019 which is incorporated
herein by reference [or all purposcs.

BACKGROUND OF THE INVENTION

Users are increasingly using networks such as the Intermet
1 access conlent, such as video [iles and live streaming/
video on demand content, via client machines. As demand
for such content increases, video publishers and content
providers wish 10 betler understand how (hal content is
streamed. @owever, (he manner in which publishers and
providers describe their content is tull of ambipuity and
inconsistency (with every publisher, for example, having
their own naming convention for video atributes), limiting
the ingights that can be gained lor the streaming content.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 illustrates an embodiment of an environment in
which metadata services are provided.

I'IG. 2A 1s a ow diagram lustrating an embodiment ol
4 process [or establishing a data store of content metadata.

FIG. 2B is a flow diagram illustrating an embodiment of
a process for augmenting content metadata.

FIG. 3A is a flow diagram illustrating an embodiment of

a process lor aulomated validation of content metadalta.

I'ICr. 313 is a ow diagram llustrating an embodiment ol
a process for facilitating administrator validation ot content
metadata,

I'IG 4A lustrates an embodiment of predelined metadata
parsing and mapping rules.

I'ICr. 413 lustrates an embodiment of predelined metadata
extraction and mapping rules.

FIG. 4C illustrates an embodiment of predefined metadata
extraction and mapping rules.

IIG A illustrates an embodiment of logic [or processing
metadata for an entity.

FIG. 5B illustrates an embodiment of logic for processing
metadata for an entity.

I'IG. 5C illustrates an embodiment of logic lor processing 5

metadata lor an enlity.

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-

[

1

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 fig-
ures that illustrale the principles of the invention. "The
invention is deseribed in connection with such embaodi-
menis, but the invention is not limited 1o any embodiment.
The scope of the invention is limited only by the claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the lollowing description in order lo 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

25 material that is known in the technical fields related 1o the

[
[y

40

45

.t

Gl

G5

invention has not heen deseribed in detail so that the
invention is not unnecessarily obscured.

In existing streaming analytics systems, the ambiguiry
and inconsistency of publisher (and/or streaming service/
distributor)-provided video attributes results in various chal-
lenges in understanding the performance ol streamed con-
lent. Vor example. the video atiribuies deflined by conient
providers may have gaps in metadata, incorrect metadata,
different naming conventions for metadata, etc., where such
issues provent applications from oblaining clean, consistent,
and standardizedmormalized assel metadata on which 1o
perform analysis ol the conlent.

FIG. 1 illustrates an embodiment of an environment in
which metadata services are provided. As will be described
in [urther detail below. the metadata service deseribed hercin
provides a solutlon 1o the alorementioned problems ol
ambiguily and inconsistency in video altribule metadata by
vuiformly collecting and cleaning the video metadata
reported by publishers (e.g., by correcting errors in metadata
and completing gaps in metadata), and then extracting and
storing a sl of normalived assel metadata under a unified
standard. As will be described in further detail below, the
metadata service also provides a set of real time interfaces
usable to access the normalized asset metadata.

While example embodiments in a video streaming (e.g.,
live and on-demand streaming) ceosystem are deseribed
throughout, the techiniques described herein can variously be
adapted 10 accommodate any tvpe of andiovisual or mult-
media content distribution, as applicable. lor example, the
lechnigques deseribed hercin may be used o organically
build, maintain, and validate a data store of any other Lype
of content, as applicable.

In the example of FIG. 1, suppose that a vser of client 102
wishes 1o stream an episode of a video serics. In particular,
the user would like o walch the cighteenth episode ol the
seventh season of the series “The Everyvthing Show,” where
the title of the episode is “Nothing At AlL™ In this example,
the vser of client 102 is a subscriber to streaming service
“Acme Streaming” (108), which has the series in il catalog
ol conlent available Tor streaming. lxamples ol clients
include devices such as personal computers, laptops, cellular
phones/personal digital assistants, smart displays, smart-
phemes. tablets, phablets. and other types ol inlormation
appliances such as sel-lop boxes. game consoles. broadband
roulers. [ile servers. video servers, and digital video record-
ers, as applicable. Acime Streaming is also referred to herein
as a tvpe of “content provider” or “content publisher.”
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In this example, client 102 includes a content plaver
application 104 which in turn incorporaies monitoring mod-
ule 106. Content is received (e.g.. over a network such as the
Internet) by the player from Acme Streaming (where, lor
example, the plaver application is part of a standalone
application of the Acme Streaming service). In other
embodiments, the client may include a web browser appli-
catiom {that receives and plays content [rom the streaming
service) which in turn incorporates a monitoring module that
communicates with the metadata service platform. Monitor-
g module 106 (which may be implemented as a sottware
development kit (SDK), library. ele.) is in communicalion
(c.g.. over a network such as the Internet) with Meladala
Service Dlatform 110. In this example, Acime Streaming is a
customer o subscriber of the services provided by the
moetadata services platfonm.

In this example, the user ol client 102 sclects the episode
lor playback and initiales a conlent viewing session Lo begin
streaming, and watching the episode (e.g., by hitting “play™
in the application). As vsed herein, a session refers o an
enlily representing an instance ol 2 user’s playback inlerac-
tions with a content asscl. The scssion may begin with a
user’s request for a particular content, and end when the nser
ceases plaving the content (e.g., the vser stops watching a
requested video).

‘The monitoring module is conligured to collect stalus
information aboul the viewing session and provide that
status intormation (also referred 1o herein as a “heartheat™),
on a recurring basis, to wetadata service platform 110. The
status  information Includes video assel meladata.
example. when the video session starts or the viewer sclecls
the content o walch, the monitoring library oblains the
metadata tor the asset being plaved. In this example, the
video asset metadata includes catalog-type data describing

the assel that was requested and being walched during the 3

session, where (he catalog-type metadata is defined and
reporied by the streaming service (which may also be the
publisher and/or a distributor of the content asset) in a set of
kev-value pairs that are also referred to herein as “customer
lags.” Ixamples o video assel meladata or attribules include
show tlitle. episode number, publishing dale (when il was
first released), genre, category type, video type (live or
VOD), ete. In this example, each heartbeat (or at least some
ot the heartheats) also includes an identifier (also referred to
herein as a “publisher identificr,” “provider identifier,” or
“cuslomer ideniifier”™) that uniquely identifies Acme Stream-
g,

The heartbeat mav also include varions other tvpes of
information such as audience. device. and geography. The

slatus inlormation may also include a varicly of lelemetry s

data such as inlormation that caplures the quality ol the user
experience (e.g., video stream quality), and intormation
pertaining 1o user behavior. Examples of quality metrics
include: the length ol time it takes lor the episode o start

playing, the number ol bullering events (il any). the length s

of butfering events, and the number of frames per second
rendered by the video plaver. Examples of uvser behavior
iclude: starting and stopping plaving a video or audio
stream, secking within the stream, swilching the player o
[ull sereen mode, minimiving/restoring the player, a change
in the volume level of the plaver, and clicking on an
advertisement.

Ag deseribed above. the hearlbeats are sent o platform
110 om a recwrring basis. For example. the heartheals are sent
in real-time. both when the user requests the video, and
while the user is watching the video. In this example, a
heartbeat that includes the video asset metadata about the

l'or 3
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episode that the nser of client 102 is watching is provided 10
the metadata service platform. As shown in this example, the
metadata [or the episode, which was delined and reported by
Acme Blreaming service. has been provided 1o the metadata
service platform indirectly via the client, when the video is
streamed. By obtaining publisher-provided metadata via the
client, Acime Streaming service does not need to expend
cllort 1 implement a separale mechanism by which 1o
provide the video assel meladata o platform 110 (Tor
cxample, il the monitoring library ol the content player is an
existing integration with the provider that allows perfor-
mance data about the streaming of a content item to be
provided to platform 110 for forther processing, the existing
monitoring library inlegration may be leveraged by the
platlorm (o oblain the content metadala (o build the metadata
services database described in lurther detail below).

Az will be described in turther detail below, the platform
vses the provider-defined metadata received via the client 1o

2 organically build and maintain its own database of metadata

for video assels being viewed by end-users {c.g.. user ol
client 102).

In this example, the heartbeat sent by the client that
includes the video asset metadata is recerved by gateway 112
of platform 110 (where the gateway may be implemented,
for example, as a [lyperlext Transler Protocol (ITT7TF)
galeway ).

The heartheat is then processed by Metadata Service
Rules Engine 114 In this example, the metadata rules engine
s comligured with rules {(c.g.. Lxtract, Translorm. |.oad
{1117,y rules) to ingest customer lags (video assel metadata),
analysc the data in the lags, and nommalize the cuslomer-
provided metadata to output “clean™ metadata that has been
standardized according to a unified data model, where the
normalived metadata will then be stored 1o metadala service
database 124 ol the platlorm. As shown in this example,
platlform 11 is processing (he meladata as soom as it hag
received/ingested the metadata from the content plaver,
which is being provided to the platform by the client in
real-lime, as (he viewer is playing the content.

Ag shown in this example, and will be described in Turther
detail below, different customers or entities (e.g., content
publishers, distributors, ete.) that subscribe to the metadata
service each have their own predefined set of metadata
service 19T, template rules. This is 1o deal with the issuc ol
video assel meladata diversily and complexity that exists in
streaming event data, where each customer may detine and
report the video attributes according 1o their own naming
convenlions, resulling in video assel meladala ambiguity
and inconsislency across the varlous entities. Using the
meladala service rules engine, regardless of how dillerent
customers define the metadata for a video asset, the rules
will transform or normalize them into a standardized,
canonical unificd lormal maintained by the platform.

In this example, (he customer identifier [or Acme Stream-
ing service included in the heartbeat is vsed to select an
appropriate predefined set of ETL metadata service rules
{116) vsable 10 normalize the video asset metadata defined
by Acme Streaming. “The 711 rules include parsing rules
and regular expressions usable Lo extract and transform the
video asset metadata.

For illustrative purposes, suppose that in the metadata
services database, serics names and episode names are (o be
capilalized. where scason number and episode number are
stored as separate liclds. In this cxample, suppose thal the
original values defined by Acme Streaming and received by
the plattorm via the client are in the form:
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“VODIthe everything showl|nothing at_alllS7:
1187 Thorror.
Aller the parsing by the metadata 1711 rules {(examples ol
which are described in [urther detail below). the original
values are transformed into the following:

|
HgoriesName™:
“assetName™
“geasonimber*: 7,
“episodeMnmber'™: L8,
“senrelPrimary™: [Tarrar
Heidoo Type™: YOI

].

“The Nverything Show™,

Mathing At AllY,

That is. in this example. the various video assel meladala
values have been parsed, extracled, and normalized inlo a
standardized/uniform format. As will be deseribed in Turther
detail below, regardless of how metadata is defined by
different customers, the metadata service platform will nor-
malize the metadala into a unified consistent [ormal using
the meladala service rules desceribed herein. Ino various
embodiments, normalizing includes performing capitaliza-
Tion, uppercase operations, lowercase operations, ete.

In some cases, the same customer will provide a metadata
value under dillerent tags (i.c., there is diversily In meladala
deflinition even within the same customer). For example, lor
the same provider, metadata values may be defined ditfer-
ently dve to different plavers with different SDKs and
different integrations, or for dillerent devices.

To address this issue of mulliple tags providing the same
Lype ol data value. in one embodiment, the 11T, template lor
the customer includes a prioritized list of tags to identity in
the received metadata. For example, using the prioritization,

the 1011, rules check to see il there is data in the collected 3

metadata under a (st tagficld name, and il not. then checks
lor a next tag/licld name in the priovity list

In some embodiments, the metadata service platform
generates the ETL rules (or a model) for cleaning and
exlracling assel metadata for cach customer. publisher. or
provider by leveraging machine learning and other lechnolo-
gies. As one example, an artificial neural nerwork is vsed to
build a model 10 map a customer’s input data (e.g., the
output of per-publisher ETL rules) to the standardized!
normalized meladata. In one embodiment. a (raining dala set
is sctup (c.g., manually) with cnlry mappings belween
customer metadata and normalized metadata. A neural net-
work model is trained on the training data set. The model
analyzes and learns the polential mapping from the training

data. After the model is (rained on the training data. the s

model is applicd o a customer’s metadala 1o oblain stan-
dardized metadata. For example, for the example input data
{“content_tvpe™ “VOD”, “channel”: “ACME Streaming™,
“namc™ “The everything show  Nothing at all”}. the
model will provide the output ofr {“content_type™ V01",
“channel”™ “ACME Streaming”, “series_name™ “The
Evervthing Show™, “season number™: 3, “episode number™:
1, “episode_name™: “Nothing At All"}. Here, as shown in
this example. the model has been tramed (o delermine that
the input o *“The everything show  Nothing at all” repre-
sents the episode “Nothing Ar All™ in the series “The
Evervthing Show,” and 1o generate normalized metadata
accordingly {c.g., by parsing oul the episode name in the
inpul data into a separale cpisode name (ield, while parsing
oul the serics name nle a separale serics name leld. where
both values are normalized (e.g., with respect to capitaliza-
Tion).
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After the normalized version of the customer-defined
meladata received via the client content player is generaled
using the selected rule sel pertaining o the customer. the
normalived metadata is stored to metadala service database
124. The metadata service database is configured to main-
tain, for each content item tor which metadata is received, a
complete, unificd sel ol meladata. As one example. the
meladala service database is implemented using [TRBAS]L

In this example, each content item has a corresponding
vuique record or entry in the metadata service database,
where the record is used to store the normalized kev-value
pairs of video assel metadata. lior example, even though
mulliple streaming services provide the episode ol content,
there exists only one record in the metadata services data-
base used to store the metadata for the content episode. In
one embodiment. entry updale engine 1200 is confligured 1o
identily the appropriate record mapping Lo the episode as
lollows. Alias generation engine 122 of entry updale engine
120 is configured to nse a portion or subset ot the normalized
video asset atiributes 1o generate an alias or unique string
that corresponds Lo the episode’s record. ixamples ol video
allribules designated [or use in generating the alias include
metadata that is likely 10 be defined by all customers. For
example, for v shows, the following four fields are vsed 10
generate an identifier of a show: season; series name;
cpisode name: and season number. These fields are com-
bined and translormed into an identifier {(e.g.. by performing
a hash on the four fields). Different types of attributes (and
their combinations) may be used to generate aliases/kevs for
dillerent types ol content. The use of aliases o identily
existing records prevents duplication of conlent meladata in
the database. In some embodiments. when cuslomer lags arc
ingested by the metadata services platform, the alias gen-
eration is used to determine whether the data that has been
received is new or has already been treated. As one example,
this operation oceurs in the 1711, phase, where when apply-
ing an 1711, rule. an alias is generated for an entry (for an
asset). This alias should be unique in the metadata services
database. The metadata services database is checked 1o
determine whether an entry lor the alias already exists. 1] so,
then this entry has already been processed before. I nol,
then it is a new entry.

Asg described above, it there is no record’entry corre-
sponding 1o the generated key, then this is an indication that
the platlorm has not previously received meladata about the
conlent [rom content players. In some cmbodiments. the
plattorm dvnamically generates the record in the metadata
services database for the content item.

The record corresponding o the content ilem, identified
using the generaled aliag, is then updated. In some embodi-
menis, updating the entry using the normalized assel meta-
data includes populating any fields that are empty (i.e., for
which there is not vet any information). In this example,
suppose (hat the record in the database is in ils Initial stale,
and none of the fields in the database record for the episode
of content have vet heen populated.

The record is populated with the field values that are
present in the received normalized video asset metadata. For
cxample, suppose that the database record Tor the conlent
includes the field serics name, episode name. episode num-
ber, season number, genre, video type (2.8, live or video on
demand (VOD)), and content length (e.g., in seconds or any
other unit ol time, as appropriate). Those liclds in the
database lor which there are corresponding values in the
normalived metadata are populatedioverwritlen with the
corresponding valuves in the normalized video asset meta-
data. In this example, the series name, episode name,
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episode number, season number, genre, and video type fields
in the metadata database record lor the content are popu-
lated. while the content Tength field is not populated. boecause
the heartbeat did not include a value lor the lTength ol the
episode (that is, those fields tor which the normalized video
assel metadata does not have values are not populated).

In this example. the genre defined by Acme Streaming lor
the episode is “Ilorror,” bul supposce that this 1s incorreet.
and the episode is actually a comedy. Despite the genre
metadata received from client 102 being incorrect, becanse
the metadata database record field for genre has not previ-
ously been populaled, it 1s sGll populated. even wilh the
incorreel value. As will be deseribed in [urther detail below.
validation is performed to correct any fields in the metadata
services database with incorrect values that are errors.

In some embodiments, when a field in database 124 is
populated or overwrillen, additional inlormation is recorded
dboul the updating. lor example. in various cmbodiments. a
timestamp of when the metadata value was entered, a source

of the valve with which the field was populated (e.g., Acme 2

Streaming in this example), cle. are recorded. In some
embodiments, a count, indicating a number ol times a field
has been overwritten, is also updated/recorded. In this case,
because the record for the episode was initially empty (and
their overwrite counts were initialized, for example, 10 “07),
those [ields that are now populated lor the first time have
their overwrile counls incremented o “170 As will be
described in further detail below, the overwrite counts and
timestamps may be vsed when validating and correcting
field values.

In some embodiments, n addition lo storing (he normal-
ized versions of the metadata defined by Acme Streaming.
platform 110 also stores the original video asset metadata
received via client 102 so that, for example, Acme Stream-

ing may perlorm analylics using their originally delined 3

meladata. In some embodimenis, the meladala services
database record lor the assel also includes a link {c.g.
uniform resource locator (URL) of an image for the asset
e.g., by obtaining a URL from a third-party metadata catalog
such as IMDI3, Gracenote. Rovi, ele.). Saving a URI. (o the
image rather (han saving an aclual image saves slorage
space, Tls, the metadata services database also provides a
canonical location for image links for content items.

Now suppose that at a later time, atter client 102 has
begun streaming the episode ol the series [rom Aeme
Streaming service and provided the metadata service plal-
form with metadata for the asset, a vser of another client,
client 126, also requests to watch the same episode of the
same serics. bul through another streaming service. Bela

Streaming 132, which also carrics the episode. In this s

example. similarly o client 102, clicnt 126 includes a
content player application 128 which in turn incorporates a
monitoring module 130, Content is received (e.g., over a
nelwork such as the Interne(y by player 128 [rom Bela

Streaming {which is also a customer or entity that wiilizes the s

metadata services provided by metadata service platform
110}. Monitoring Module 130, similar to monitoring module
104, collects status information about the streaming session
(including video assel metadata defined by Beta Streaming
and provided 1o the content player 128). and (hen commu-
hicates the status information (e.g., in the form of recurring
heartbeats) to metadata service platform 110,

In this example. suppose that client 126 provides the
lollowing video assel meladata [or the same episode ol
content, where the meladata defined by 13cta Strcaming and
the format of the metadata from Beta Streaming are difterent
from what is provided by Acme Streaming. For example,
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suppose that the metadata provided via client 126 includes
the Tollowing liclds in the [ollowing [ormat:

“I'he lverything Show  87:1118  Nothing AUCAT
cdy  1800.

Compared to the video asset metadata received from
client 102 streaming from Acme Streaming, the video asset
metadata defined by Beta Streaming has the same series
name, episode name. season number. and episode number,
[owever. while the Acme Streaming serics and episode
names were lower case with underscores between words, the
Beta Streaming provided metadata is defined differently,
with capilalized [irst letlers and spaces. instead ol under-
scores. The Beta Streaming deflined assel metadata also
includes the correel genre (as compared 10 the incorrect
genre provided by Acme Streaming). Further, as shown in
this example, compared to Acme Streaming, Beta Streaming
has not deflined a video type (live or YOI metadata value
for the assel {(which Acme Streaming did provide). but docs
include an indication of the length of the content item in
seconds (which Acme Streaming, did not provide). Thus, as
shown in this example, even though both Acme Streaming
and Bela Streaming carry the same conlent assel. the meta-
data that (hey have delmed is inconsistent. with gaps and
errors,

The Beta Streaming-defined wvideo asser metadata
received via client 126 is then parsed and normalized using
an appropriale sel ol meladata service rules in meladata
service rules engine 114, lior example. similar (0 ag
described above, the heartbeat from client content plaver
128 including the video asset metadata includes an identifier
for Beta Streaming. The identilicr lor Beta Streaming is used
lo seleel. [rom mulliple rule sets corresponding o dillerent
cuslomers. Dela Streaming metadala service rules 118, The
selected predefined rules 118 are then vsed 1o extract, parse,
and normalize the video asset metadata received from client
126. Aller the parsing by (he selected metadata 19171, rules,
the original values are transformed inlo the lollowing:

COITl-

Sserivsharne™ ¥The vorthing Show™,
Sassel Narne”™: “Mothing AL Al
“seasorNumber™ 7.

“epizcideurnher™: 18,

“oemrelrimary™: Comedy,
“contentLenpthSec™: 1800

Asg shown in this example, despite the format of the
meladata [rom clients 102 and 126 being dilferent {e.g.. with
dillerent  capitalizations, naming convenlions, cle)). the
video assel metadata is normalized into a standard orm [or
storage in the metadata services database 124,

The normalized video asset metadata generated trom the
status inlormation received [rom client 126 is then used 1o
update the entry lor the episode assel in meladata service
database 124.

For example, as described above, the same attributes
{seriesName, assetName, seasonNumber, and episodeNum-
ber) are used to generale an alias or identifier of the assel
whose metadata ficlds are 10 be updated. Based on these
example attributes, the same record as previously accessed
in the metadata service database is identified.

The normalized video assel metadata generated from the
status inlormation received [rom client 126 is then used 1o
(il in or populate any ficlds in the database 124 assel record
that are missing or empty. For example, the content length
field (in seconds, or any other unit of time, as appropriate)
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in the database record is populated with 1800 (indicating
that the length of the episede is 1800 scconds). Similarly (o
as described above. in some embodiments. the Gme at which
the content length ficld was  populaledfoverwritlen s
recorded, as well as the source of the field value, which for
the content length field is Beta Streaming. In this example,
the count ol the conlent length field is also incremented (o
“1™ from wvero, as iU is the [irst time the field s being
overwrirten.

Fields in the database record whose values have already
been populated are not overwritten. For example, series
name. assel name, scason number, and episode number.
having previously been populated with the normalived ver-
sion of the valves defined by Acme Streaming service, are
ot overwritten with the Beta Streaming -defined values, and
their overwrite counts (<177, sources (“Acme Streaming™).
and timestamps remain the same. This includes the genre.
which is nol overwritlen, even though Bela Streaming has
the correct valve. As will be described in further detail
below, validation will be performed on the metadata service
database Lo correcl any incorreel values.

Thus, the asset’s meladala record mainiained in the mela-
data services database is organically populated with normal-
ized versions of metadata values as they are received from
clients, in real-time, when the asset is being streamed, where
the metadata record may be populated with normalized
versions of values from mulliple sources or entitics. Thus.
the metadata store includes a superset of metadata that may
exceed what a provider has individnally defined for the

content they carry. By generaling a moetadata slore using 3

metadata [rom multiple providers, gaps in individual pro-
vider's metadata may be [illed with metadala [rom other
providers that have that metadata (e.2., one provider's
metadata may be vsed 10 avgment metadata provided by a
different provider).

Ag deseribed above. the values stored in the metadala
services database 124 include normalized versions of values
that are defined by various sources/providers, where the first
value that is received, regardless of which entity it is defined
by. is used o populate a corresponding (ield. Ilowever, as
shown in this cxample, the values that are stored may be
incorrect (e.g., such as the incorrect genre value of “Horror™
defined by Acme Streaming that was stored to the asset’s
record in the metadata services database).

As will be deseribed in furiher detail below, assel mela-
dala validation engine 142 is configured lo validale the
metadata stored to and maintained by metadata services
database 124. The validation inclides monitoring the meta-
dala valucs thal are wrillen (o the meladala services dala-

bage. and correcling any crrors that exist in the meladata s

services database.

In some embodiments, hierarchical or tiered validation is
performed, where, for example, a first automated validation
job is performed o validate the metadata values received via

Cclients such as clients 102 and 126, where the first automated s

validation job is then tollowed by a second validation job,
which validates the results of, or changes made by, the first
automated validation job. As will be described in further
detail below. the second validation job includes presenting
the results ol the first automated validation job to adminis-
trators, testers, or validators tor review and validation.

As described above, when a metadata value is written to
the record lor an assel in the metadata services dalabase, a
timestamp ol when the metadata value was writlen and the
source ol the metadata value are recorded. A count indical-
g a number of times that the corresponding field has been
overwrirten is also incremented.

[

1

1

40

45

Gl

G5

10

In this example, third party metadata validation engine
136 is a backend job that checks the metadala wrillen 1o
database 124 daily {or on any other appropriale recurring or
lime driven basis), and automatically compares the daily
written lnetadata to wetadata from a third party source, such
as third party metadata catalogs 138 and 140, which may
include calalogs such as 1IMIM3. Gracenote. Rovl. cle.

l'or example. using the recorded timestamps and counls,
third party metadata validation engine 136 obtains, extracts,
or otherwise accesses the metadata for fields that were
overwritten within the last 24 hours and that have a count of
“17 {which indicales that the ficlds were overwriiten lor the
first time using metadata received lrom client conlent play-
ers).

The obtained metadata values are then compared against
meladata [rom a third party source such as meladata catalogs
138 and 140.

Ome example ol the processing perlormmed by the auto-
mated hackend job performed by third party metadata vali-

20 dation engine 136 is as follows, The backend job includes a

mapping between fields of the third-party catalog and liclds
ol the metadata services database. When validaling 2 meta-
data value tor a field in database 124, the backend job vses
the mapping to obtain the third party catalog-defined valuve
for the field. The backend job then compares the third party
catalog-delined value with the value stored in the metadata
services database. I the values malch. then the backend job
determines that the existing value written to the database is
correct (according 1o the third party metadata catalog,
which, in this example, has a higher level metladata authority
relative (o the metadata delined by the customers and
reecived via the clieni). I, however, the values do not match,
then the existing value in database 124 is overwritten with
the third party catalog-defined value. It overwriting of the
value ol a fleld is performed. the timestamp of the overwrit-
ing is recorded. the source of the new meladata value is
indicated by the third party meladata catalog. and the count
of the number of times the field has been overwritten is also
incremented. For example, consider the genre field for the
assel, which. prior (o the automated validation job. has, in
the meladala services database, (the incorrect value ol “Ilor-
ror,” a timestamp of when the “Horror™ value was written,
has the source indicated as “Acme Streaming,” and has an
overwrite count of “1”. Suppose that third-party metadata
catalog 138 has the correel genre value of “Comedy™. The
automaled job rewrites the genre field value with “Comedy.™
updates the timestamp of the new write, changes the source
of the value to “Metadata Catalog 17 (the source of the
correction). and incremaents the overwrile count from “17° 1o
“27, "The change of (he overwrile count indicates thal the
field has gone through al least one round ol validation.

Multiple third-party metadata catalog may be used 1o
validate the metadata stored to the metadata services data-
basc. l'or example, il IMDI3 does not have meladata [or a
field in (he metadata services database, another third-party
catalog may be accessed 1o obtain metadata by which 10
validate a value stored in the metadata services database. In
some embodinents, the set of third-party metadata catalogs
used by the validation engine is prioritized (c.g.. with IM113
used first, then Gracenote. ele.).

In some embodiments, third party metadata validation
engine 136 is implemented nsing Apache Spark, and may
include machine learning jobs and algorithms thal are
applied o the meladata in database 124 10 correct any issuces.
In some embodiments, a sel ol ollline machine learming
models is uvsed to perform deduplication and precisely
correct errors that exist in the metadata services database.
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For example, normalized metadata may come from various
third parly sources such as IMIJ3. Rovi, Gracenole. cle.
However, the same assel may have dillerent information on
the dilferent sources, causing the same assel 10 have multiple
records in the metadata services database (when there should
only be one unique record for the asser in the metadata
sorvices database). In some embodiments, a model for
perlorming deduplication is used. where the model caleu-
lates the similarity between two assets, and if the similarity
is greater than a threshold, then the wo records are consid-
ered as pertaining to the same asset, and one of the duplicate
records 1s removed.

In the above example. the third party metadata validation
engine was run on a daily basis to check metadata valves that
were written during the previous day. In some embodiments,
the automated validation job may be performed over the
entire database Lo correel the entire meladata services dala-
hase.

In the above example, provider-defined metadata received
via client content plavers was validated using metadata from
third parly meladata catalogs. In some cmbodiments. the
integration with third parly metadata catalogs may be used
1o fill in metadata tor content that has not vet been watched
{and thus, metadata has not vet been received from clients).

In this example, asset metadata validation engine 142 also
includes administralor management system 134, In some
embodiments, administralor management syslem 134 1s
configured to facilitate validation of the results of (e.g., the
changes made by) the automated validation job performed

by third parly meladata validation engine 136, This 1s, for 3

example. 1o account [or any crrors with sources such as third
parly metadata catalogs, where incorreet values in the third-
party metadata catalogs may be automatically written 1o the
metadata services database during the automated validation
job. The management system allows lesters or validators Lo
aulomatically correel any incorreet values stored in the
moetadata services database. In this example, the adminis-
trators have a higher level of metadata avthority than the
third party catalogs with respect to metadata validation.
As one example, a human administralor or validator is
presented a graphical user interlace (GUI ol the list of
metadata in the metadata services database 124 to be
reviewed (where the management Ul may be supported via
an application programiming intertace {AD'T) to the metadata
services database). The list may also be presented in the
lorm ol a file (c.g., a spreadsheet). "The list may include
metadata that has been written in the last day (e.g., based on
the timestamps recorded when the metadata is written to
dalabase 124). In some embodiments. the 1ist of metadala

values is prioritized by overwrile count. lor example, those s

metadata values with higher overwrile accounts are pre-
sented above or before metadata values with lower overarite
accounts. In this way, for example, values such as the genre
ficld lor the episode of content. which was overwrillen by

the third party validation engine and has a value o ¥2, are s

prioritized ahead of other valves which have not vet been
validated by the third party validation engine, or were
validated by the automatic job, but not overwritten (because
there was determined o be a mateh between the metadala
received [rom the client and the meladala [rom the third-
party catalog).

The wvalidator or administrator is able to review the
overwrillen [ields and determine il they are correct or should
be changed. 1] the validator determines thal a metadata value
is correel and does not change the field value. then no
changes are made to the wetadata field valve (e.g., the
overwrite count and source remain the same). If the validator
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determines that a metadata value is incorrect and changes
the field value. then a timestamp ol the change made by the
validator is recorded. the source of the change is indicated
as the validalor (e.g., by designaling the source as “admin-
istrator” 1o indicate that the field has also undergone human
review), and the overwrite count is incremented.

In some embodiments, il the validator changes the value,
then the updated field in the meladata services database 124
is locked from further editing/updating, and the system
ignores turther edits (e.g., it the sutomated validation job is
run again on the entire database). However, other human
revicwers may be allowed o change locked values.

In some cmbodiments. the meladata services platlorm
maintains an audit or change log of the history for each field,
recording the history of overwrites 1o the field in database
124.

The metladata service database 124, whose values have
been organically collecled and undergone validation, as
described above, may be used to power and provide or
support various services to the disparate customers using the
complete and unilied metadata. Thus, all customers (c.g.,
Acme Streaming and 13eta Streaming) have access lo com-
plete and correct metadata, regardless if the data the cus-
tomers defined for themselves had gaps or incorrect values.
Further, as the metadata for an asset is processed in real-
lime. as clients walch the conlent. the customers will have
the “cleancd” (i.c.. complele, correct, and standardived)
metadata available to pertorn analytics on the content when
people stream the content. This is an improvement over
relying on existing third parly meladala catalogs, which are
ollen slow and lag behind in providing metadata [or conlent
{c.g.. the metadala [or the conlent is not ready on the third
party metadata catalog until long after viewers have started
watching the content). Using the techniques described
herein, real-time analylics of content. as it is being streamod,
is [acilitated.

In one embodimeni, meladala services APl 144 1s used 1o
support metrics, dashboards, applications (146), etc. that
leverage the normalized and validated metadata 0 metadata
services database 124 10 allow customers of the metadata
service o analyze. gain insight, and promote their content.
For example, a dashiboard may call the APTusing the content
name, where the ADPI returns, from the metadata services
database, the metadata for the content with that name.

Ag one example. Acme Streaming previously did not have
meladala aboul the content length ol the episode “Nothing
At All” However, by leveraging metadata defined by Bera
Streaming service (and received wvia client plaver 126),
Acme Slreaming can now gain insights into how the cpisode
performed on its streaming service based on content length,
such as viewership metrics (which are defined based on
content length), that it could not previously view when using
ounly its own defined metadata. Similarly, Beta Streaming,
which did not deline video type (live or VOII). can now
segment ity information according o video type. which il
could not do previously,

Further, because the genre category had been erroneous
and is now correct, Acnwe Streaming, when, for example,
segmenting quality of experience ol assels in the comedy
genre, will have the performance of the episode factored inlo
the results, whereas, previously, dve to the incorrect genre
designation, the episode’s performance would have not bheen
considered {or would have been incorreetly included in
resulls Tor the horror genre).

Thus. by [illing in gaps and correcting crrors in metadala,
entities vtilizing the services of the metadata services plat-
form described herein may gain additional insights into their
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content that they could not previously. Further, the tech-
niques described herein allow retroaclive insights inle con-
Lent analytics. as the metadata completion and validation can
be performed lor content for which performance data was
previously collected.

Ag described above, in some embodiments, in addition to
maintaining a vnified set of normalized metadata that is
accessible lo all customers ol the platform. the original
metadata delined by cach customer is also maintained. In
this way. via 2 user interlace or dashboard. the customer can
also view the metadata they had originally defined tfor the
content items.

FIG. 2A 1s a flow diagram illustrating an embodiment of
4 process [or establishing a data store of content metadata.
In some embodiments. process 200 is exceuled by platform
110 o' VI 1. The process begins at 202 when an indication
of content plaved by a content plaver executing on a client
device is received from the content player. The indication
includes one or more pieces of metadata associated with the
content. In various embodiments, examples ol the picees ol
metadata associaled with the content that are received [rom
the client device include country, description, (itle. scason
number, series name, episode number, genre, publishing
date, content type, video type (eg. live or video on
demand). list ol actors and actresses, list ol awards. image
URL.s. ete. In some embodimenis, these metadata values are
defined by an entity such as a provider ol the conlent {e.g..
content streaming service, content distributor, content pub-
lisher, etc.) but are received via the content plavers plaving
the content. As described above, the metadata from the
content player may be received in the form ol heartheats.

AL 204, a set ol one or more rules applicable o parsing the
metadata is sclected.
parsing rules is selected based on an identifier of a provider
of the content. The set of rules may be selected from
muliiple sets of rules, where different content providers each
have (heir own corresponding set ol predefined parsing
rules.

AL206. the received metadata is processed at least in part
by applving a portion of the selected set of parsing rules to
at least a portion of the metadata. In some embodiments,
applving the set of parsing rules includes extracting the
metadata and normalizing (he extracted metadata from the
content player Lo a standard lormat. In various embodiments.
normalizing includes performing capitalization, uppercase
operations, lowercase operations, efe,

AL208. al least some of the processed meladata associated

metadata is stored to a record in a data store. where the
record corresponds 1o the content, and where the record
inecludes the normalized metadata about the content. In some
embodiments, storing the processed (and normalized meta-

data) includes generaling an alias. where the alias is used o 5

identify the record in the data store. For example, the alias
is generated using a portion of the pieces of metadata
designated tor generating the alias. As one example, a hash
is generaled using the picces of moeladata designated for
generating the alias, and the record lor the conlent is
identified vsing the hash. The processed metadata is then
stored 1o the record corresponding 1o the hash/alias.

I'ICr. 213 is a How diagram lustrating an embodiment ol
a4 process lor augmenting conlenl metadata. In o some
embodiments, process 250 is used lo exceule a porlion ol
step 208 of process 200 of FIG. 2A. The process begins at
252 when metadata associated with content plaved by a

In some embodiments. the set ol
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content plaver is received. This may include normalized
meladala generated using process 2000 ol VG, 2A (eg.,
using process siep 206).

AL 254, 1 is determined whether a licld corresponding 1o
a piece of metadata in the metadata received at 252 is
already populated. For example, it may be the case that a
field in the record lor the content has already been populated
with a normalized version of metadata previously received
from another content playver.

It, at 254, it is determined that the field is not already
populated with an existing metadata value, then at 256, the
field is populated using the metadata value received al 252,
In some embodiments, when the field is populated. a time-
stamp of when the overwriting was performed is recorded.
Further, a source of the metadata (e.g., the name of the
provider that defined (he metadata) 1s recorded. A count
indicating a number ol times (hat (he feld has been over-
wrillen 15 also incremented. I al 254, il is determined thal
the field is already populated with an existing metadata

20 value, then the existing valve is not overwritten, and the

process ends.

FIG. 3A 05 a flow diagram illustrating an embodiment ol
a process for automated validation of content metadata. In
some embodiments, process 300 is executed by third party
metadata validation engine 136 of platform 110 of FIG. 1.
The process beging al 302 when an indication is received
that a flicld {c.g., in metadata services database 124 corre-
sponding 1o an attribute of a content asset has been over-
written by a first metadata valve. For example, an indication
that the field has been overwrillen using a normalized
version ol metadata received lrom a content player {e.g.,
generaled and stored using processes 2000 and 2507 s
received. A list of metadata fields that have been overwritten
may be received. In one embodiment, the fields are included
in the list based on their associaled overwrile count. lor
cxample, those ficlds whose overwrile counts are greater
than sero {e.g., “17 afier having been overwrillen the [first
time using the metadata defined by a provider such as a
streaming service) are received for validation. In some
cmbodiments. the processing is perlormed as a job on a
recurring basis, and metadata (ields thal have been overwril-
ten since the last validation job (identified, for example,
based on the timestamps of when they were overwritten
andfor their overwrite counts) are received for validation,

Al 304, a second metadata value [rom a remole source is
received. As one example. the second meladata value is a
value for the field received from a third party metadata
catalog such as IMDB, Rovi, Gracenote, etc.

AL 306. it is determined whether the (irst metadata value
and the second metadata value malch. IT the metadata values
malch, then the first metadala value is delermined o bhe
correct, and the process then ends. It the metadata values are
determined to not mateh, then the process continues 1o 308,
where the field is overwrillen using the second meladata
value. In some embodiments. overwriting the field includes
recording a timestamp, recording a source of the second
metadata valve (e.g., the name of the third-party metadata
catalog), and incrementing an overwrite count associated
with the field.

1G5, 313 is a flow diagram illustrating an embodiment ol
a process for tacilitating administrator validation of content
metadata. In some embodiments, process 350 is executed by
administrator management sysiem 134 of platlorm 110 of
I'IGs. 1. The process beging al 352 when an indication is
provided ol a metadata field corresponding 1o an allribute ol
a content asset has been overwritten. As one example, a list
of fields that have been corrected as part of the validation
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processing performed nsing process 300 are provided to an
administrator lor review {c.g.. through a graphical user
interface. a [ile. cle)). In some embodiments, the adminis-
trator-validation may be lacilitated on a recurring basis. and
metadata fields that have been overwritten since the last
administrator validation (identified, for example, based on
the timestamps of when they were overwritlen andf/or their
overwrile counts) are provided lor administrator validation.
The provided list of overwritten fields to be reviewed by an
administrator may include both values that have already
undergone automated validation and been corrected, as well
as values that have been writlen lor the (irst ime (c.g.. using
normalized versions of metadala values received via client
plavers, as described in conjunetion with processes 200 and
250 of FIGS. 2A and 2B, respectively). [n some embodi-
ments. the list ol overwrilien felds 10 be reviewed by an
administralor are prioritized by overwrile count. This
allows, [or example, those values thal were correcled by
automated validation 1o be prioritized (e.g., ahead of values
that have vet to be automatically validated) and brought to
the allentiom ol the administrator lor review.

AL 354, user inpul modilying the field is reccived. lor
example, suppose that the administrator determines that the
existing metadata value for the field is incorrect and over-
writes the existing valve with a new metadata value. In
various cmbodiments. a timestamp ol the adminisiralor
overwrile is recorded. The source ol the overwrile (c.g.. the
administrator) may also be recorded. The overwrite count of
the field may also be incremented.

AL 356, based on the modilication of the fleld by the user.
the fleld is locked from lurther modification.

Thus, using the technigues deseribed herein, a sel of
complete, validated, and standardized content may be gen-
erated and maintained by leveraging metadata defined by
many enlitics, o overcome gaps and crrors in individual
enlity’s metadata. Further, the unified set of metadata is
generated organically. using raw metadala collected [rom
clients as they stream content (e.g., as part of monitoring the
content), such that entities such as content publishers and
distributors do not need o spend additional cellfort in pro-
viding assel meladata o the metadata service platform.

Example Transformation Rules

The tollowing is a list of names tor asset fields stored in
the metadata services database for a content asset:

Cagmellields: |
“tinsId™
HeonnimyCode,
Haemral s,
“senrelrimary™.
Fealegory o™,
“confentType™.
“name”,
“originaldarne®,
“description”,
gl ol 1 &R,
Himggel ol 4x3T,
“confentLengthSe
“geasonPrermion

c

“goasenMurnher™,
“seriesName™,
HgoriesPromiere™,
“shawTitle”,
“episodelumber”.
Hactors] a7,
“awardsList™

The tollowing is an example of transformation tunetions
for normalizing metadata collected trom content plavers.

—
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“ransformFunctions™ [“capitalize”, “uppercase™. “lowercass™)

“auppen Sonmecs™ |
roonviva

FIGS. 4A-4C illustrate embodiments of metadata extrac-
tion rules tor processing various types of heartheat objects
received from the client content players and ingesied by
platform 110, The logic shown in FIGS. 4A-4C includes
regular expressions [or parsing/exiracling metadata values
from certain tvpes of objects, as well as mappings of the
extracted valves to asset fields, such as those described
above. In some embodiments, the logic shown in the
cxamples ol VIGR. 4A-4C is maintained and exceuled by
meladala service rules engine 114.

"1, 4 A illustrates an embodiment ol predelined metadata
parsing and mapping rules. In this example, a set of pre-
defined metadata parsing and mapping rules for Acme
Streaming service objects (c.g.. heartbeats) is shown. "The
type ol the object 1s specilied al 402 (“AcmeObjoctId™). A
set of regular expressions used to parse/exiract metadata
values from heartbeats of the type “AcmeObjectld” is shown
at 404, At 406 are shown mappings of the extracted metadata
values o assel lelds, such as those shown above. As will be
deseribed in lurther detail below, the regular expressions and
agroup mappings will be vsed 10 parse/extract data from
heartheats as part of a set of metadata processing logic when
ingesting the heartheats recelved from client content players.

1I"1(3. 413 illustrates an embodiment ol predelined metadata
extraction and mapping rules. Shown in the example of FIG.
4B is parsing and mapping logic for processing heartbeats of
the tvpe “GammaObjectld” (422). Regular expressions for
parsing and extracting metadata values rom objects ol type
“GammaObjectId™ are shown al 424, lxample group map-
pings of the extracted metadata values o assel llelds are
shown at 426.

FIG. 4C illustrates an embodiment of predefined metadata
extraction and mapping rules. Shown in the example of FIG.
4C 15 parsing and mapping logic [or processing heartbeals of
the tvpe “BetaOhjectld” (442). Regular expressions for
parsing and extracting metadata valves trom objects of type
“BetaObjectld” are shown at 444. Example group mappings
ol the extracted metadata values 1o assel ields are shown al
446.

FIGS. 5A-5C illustrate embodiments of logic for process-
ing metadata (customer tags) for various customers or
cntilies ulilizing the meladata services provided by platform
110, In some embodiments. as described above. cach cus-
lomer may have a corresponding sel ol predelined metadata
processing rules. When a heartbeat is received, the appro-
priate set of predefined metadata processing rules is selected
for processing the meladala in the heartbeal. In some
cmbodiments. the logic shown in the examples ol FIGS.
SA-5C is maintained and executed by metadata service rules
engine 114,

FIG. 5A illustrates an embodiment of logic for processing
metadata for an enlity. Shown in this example are meladata
processing rules [or processing the metadata provided by a
custoer identified by vnique customer identifier 502. A
source of the metadata (heartbeat) is indicated at 504. A
brand associaled with the received heartbeal is shown at 506
{where a single customer may have many sub-brands — c.g.,
Acme Streaming may have sub-channels [or Acme Sports,
Acme Drama, Acime Comedy, etc.). In some embodiments,
the customer identifier, source, and/or brand is used 1o



US 11,838,343 B2

17

identify the set of rules as appropriate 10 process heartbeats
with malching customer identifier, source, and/or brand. 'or
example. the meladala processing rules of FIG. SA are
sclected lor processing heartbeals that include malching
customer identifier, source, and/or brand attributes.

After selection/identification of the appropriate metadata
processing rules. meladala values are extracled [rom the
heartbeal using the extraction rules 508 of the meladata
processing rules. As shown in this example, the extraction
rules include a specification of predefined extraction and
mapping rules for a given type of object (specitied in this
example al 510). such as those described #bove and in
conjunclion with FIGE. 4A-4C. Vor example. metadata is
extracted using the specified extraction rules, and then
mapped to asset fields vsing provp mappings using the
extraction and mapping rules ol FIG. 4A lor the object of
type “AcmeObjectld™. Dircel customer lags may also be
accessed (0 oblain metadata values (hal are mapped 1o asset
fields. Also shown in this example are field priorities 512,
Also shown are operations 10 reassign field values 1o other
fields 514, Shown al 516 are the designations ol what asset
fields {e.g.. aller performing normalization by applying the
specified metadata extraction and mapping, rules) to vse to
generate the alias to identify a record in the metadata
services database, as described above.

I'IGr. 513 illustrates an embodiment of logic [or processing
metadata for an enlity. In this example. suppose that Aeme
Streaming has sub-brands Acmel’lus (as shown in FIG. 5A)
and AcmeDrama. As shown in this example, despite having

a different customer number and brand than that specilied in 3

I'I¢r. SA, the same object wype “AcmeObjectld™ (522) is
speeificd o process heartbeals [or shows walched under
AcmeDrama. That is, the same extraction and mapping rules
shown in FIG. 4A used 1o parse heartbeats for shows

walched under AcmePlus are used o parse heartbeals for 3

shows walched under AcmelIrama.

I'IG 5C illustrates an embodiment of logic [or processing
metadata for an entity. Shown in this example are metadata
processing rules for processing heartbeats for Beta Stream-
ing service. The set ol rules shown in UG, 5C is selecled and
used Lo process heartbeats with customer ideniificr, source.
and/or brand matching to attributes 542, As shown in this
example, the same set of normalized asset flelds (544) is
used to generate an alias as in the examples of FIGS, SA and
513. "Thus, i the same episode ol the same show is walched
by viewers on AcmePlus and 13eta Streaming, the same
metadata record in the metadata services database would be
identified and vpdated.

An assel meladala service has been deseribed. The mela-

dala service provides a real time solulion (o deal with video s

assel metadala diversily and complexity. lor example, as
described above, while providers such as streaming services,
content publishers, distributors, etc. may define their own
metadata [or the conlent they are providing. the meladala

may be inconsislenl, with gaps and crrors. In existing s

systems, a content provider would only be able to under-
stand the performance of their content in relation to their
owl defined metadata. This limits the ability of the provider
1o understand the perlormance ol their conlent. For example.
il a provider’s metadata has a gap with respecl o an
attribute, then they will be nnable 10 analyze content per-
formance with respect to the dimension that they do not have
defined lor the conlent assel. Further. the provider would be
unable o generate metrics that would rely on such dimen-
slons. liurther, il the provider has incorrect metadata defined
for their content, this will lead to incorrect analysis of
content performance, Additionally, even if the provider were
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to leverage the services of existing third-party metadata
calalogs, such existing third-parly meladata calalogs are
ollen slow 10 updale the metadatla they have, and thus,
providers would be unable o evaluale the performance ol
their content until long atter viewers have already heen
watching the content. Further, this would require the pro-
viders 10 expend efforl and resources in inlegrating the
meladata [rom the existing third party catalogs.

The teclniques described herein may be utilized 1o
address such issues with metadata diversity and complexity.
For example, to address the issue of gaps in an individual
conlent provider's metadalta, the lechnigues deseribed herein
allow a data store of conlent meladata o be organically
created by leveraging and using metadata from many pro-
viders, where the collected metadata from multiple provid-
ors augment cach other o Ol in any gaps that exist in the
metadata of individual providers. Further. errors in metadata
may be corrected using the automated and administrator-
based validation techniques described herein. Additionally,

20 to address the issue in the lag of existing metadata catalogs

in creating metadata [or a contlent item, using the lechniques
deseribed herein. a meladata data store s organically gen-
erated in near real-time as viewers are watching content (as,
for example, the metadata vsed to build the metadata data
store is collected from the content plaver when the viewer
streams content). Because the meladata service platlorm
receives metadata lor a content ilem whenever it 1s being
plaved by a content plaver, the platform begins processing
metadata for the content from the first time that the content
i streamed. This Turther allows providers o analyze how
conlent is being streamed immedialely as viewers starl
walching the ilem. Purther. the effort required by providers
to provide such metadata 1o the metadata services platform
described herein is minimized, as the metadata, in some
cmbodiments. 1s collecled indirectly. via content players,
where the conlent players may include integrated monitoring
libraries thal are leveraged (o pass the provider-defined
metadata 10 the metadata services plarform along with
performance data collected about streaming sessions plaved
by the content player (and (hus. a separate channel by which
lo pass meladala between the conlent provider and the
metadata service platform need not be implemented). Thus,
vsing the techniques described herein, the atorementioned
issues may be addressed, where clean, consistent, complete,
and standardived metadata s generated and may be used by
other applications or enline andfor oflline uses o gain
improved insights into streaming of content.

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 aliernative ways ol implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive,

Whal is claimed is:

1. A syslem, comprising:

a processor configured to:

recetve, from a first content plaver executing on a first
client device, an indication of content plaved by the
first conlent player, the indication comprising a [irst
set of metadata associated with the content:

select a first set of parsing rules applicable to parsing
the first set of metadata associated with the content;

process the first sel of metadata received [rom the first
comlent player at least in parl by applying the
selected first sel of parsing rules (o al least a portion
of the first set of metadata associated with the
content;
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generate a first alias of the content based at least in part
om 4 subsel of the processed metadalta:

store at Teast some of the processed metadala Lo a record
corresponding 1o the generated [first alias of the
coltent;

receive, from a second content plaver executing on a
second client device, a second set of metadata;

generale a second alias al least in parl by applying a
sceond sel of parsing rules Lo at least a portion of the
sceond sel ol metadala received [rom (he second
content plaver;

identify the record using the generated second alias;

determine that a field in the record corresponding to a
moetadata value reccived [rom the second conlent
player is nol alrcady populated with an existing
valug; and

populate the field in the record at least in part by vsing
the metadata value received from the second content
plaver; and

a4 memory coupled 1o the processor and configured Lo

provide the processor with instructions.

2. The svstem recited in claim 1 wherein the processor is
further configured to validate the at least some of the
processed metadata stored 1o the record.

3. The system reciled in claim 2 wherein validating the at
least some ol the processed meladala stored (o the data store
comprises comparing the stored metadata with metadata
provided by a third-party source.

4. The system recited in claim 3 wherein the processor is 3

[urther conligured o overwrile an existing picce of stored
metadata in response (o delermining that the picee ol stored
metadata does not match to a piece of metadata provided by
the third-party source, wherein the existing piece of stored

metadata s overwrilien with (he picee of metladala provided 3

by the third-party source.

5. The system recited in claim 4 wherein the processor is
further configured to validate the overwriting of the existing
piece of stored metadata with the piece of metadata provided
by the third-party source.

6. "The system recited in claim 5 wherein validaling the
overwriring of the existing piece of stored metadata with the
plece of metadata provided by the third-party source com-
prises providing the piece of metadata provided by the
third-parly source (o an administrator [or review.

7. The system recited in claim 6 wherein the processor is
further configured 1o overwrite the piece of metadata pro-
vided by the third-party source with a piece of metadata
provided by the administrator.

8. "lhe system reciled in elaim 7 wherein a lield associated
with the picce ol metadata provided by the administralor is
locked from further modification.

9. A method, comprising:

receiving. [rom a [irst conlent player exeeuling on a first

client device. an indication of content played by the s

first courent player, the indication comprising a first set
of metadata associated with the content;

selecting a first set of parsing rules applicable to parsing
the [irst sel of metadatla associatled with the content:

processing the first sel ol metadata received from the st
content plaver at least in part by applving the selected
first set of parsing rules to at least a portion of the first
sel ol metadala associated with the content:

generaling a [irst aliag ol the content based at least in part
on a subsel of the processed meladata;

storing at least some ot the processed metadata to a record
corresponding to the generated first alias ot the content;
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receiving, from a second content plaver executing on a

sccond clieni device. a second setl of metadata;

generating a sccond alias at least n part by applying a

second sel of parsing rules 10 at least a poriion ol the
second set of metadata received from the second con-
tent playver;
identifving the record vsing the generated second alias;
determining that a ficld in the record corresponding Lo a
metadala value reccived [rom the seeond content player
is nol already populated with an exisling value; and

populating the field in the record at least in part by using
the metadata value received from the second content
plaver.

10. The method ol claim 9 [urther comprising validaling
the at least some of the processed meladata stored o the
record.

11. The method of ¢laim 10 wherein validating the at least
some of the processed metadata stored 1o the data store

2p comprises comparing the stored metadata with metadata

provided by a third-party source.
12."The method ol claim 11 [urther comprising overwrit-
ing an existing picce ol stored meladatla in respomse 1o
determining that the piece of stored metadata does not match
to a plece of metadata provided by the third-party source,
wherein the existing picce of stored metadata is overwrillen
with the picce of meladata provided by the (hird-party
sourCe.
13. The method of claim 12 further comprising validating
the overwriting of the existing piece of stored metadata with
the piece of metadata provided by the third-party source,
14. ‘The method ol claim 13 wherein validaling the
overwriling of the existing picee of stored metadata with the
picce of metadata provided by the third-party source com-
prises providing the piece of metadata provided by the
third-party source 10 an administrator for review.
15. The method of claim 14 forther comprising overwrit-
ing the picee of metadata provided by the third-party source
with a picce of meladata provided by the administralor.
16. The method of claim 15 wherein a (icld associated
with the piece of metadata provided by the administrator is
locked trom further modification.
17. A computer program product embodied in a non-
transitory compuler readable storage medium and compris-
ing compuler instructions lor:
receiving, from a first content plaver executing on a first
client device, an indication of content plaved by the
first comtent player. the indication comprising a lirst sel
ol maladala associaled with the content:

sclecting a [irst set of parsing rules applicable 10 parsing
the first set of metadata associated with the content;

processing the first set of metadata received from the first
content player al least in part by applying the sclected
first set of parsing rules 1o at least a portion ol the [irst
set of metadata associated with the content;

generating a first alias of the content based at least in part
on @ subset of the processed metadata;

storing al least some ol the processed metadata to a record

corresponding o the generated [irst alias ol the conlent;

receiving, from a second content plaver executing on a

second client device, a second set of metadata;

generating a sccond alias at least n part by applying a

second sel of parsing rules 10 at least a poriion ol the
second sel of metadata received [rom the sceond con-
tent playver;

identifving the record vsing the generated second alias;



US 11,838,343 B2
21

determining that a field in the record corresponding 10 a
metadata value received [rom the second content player
i not already populated with an existing value: and
populating the ficld in the record at least in part by using
the metadata value received from the second content 3
plaver.

22
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