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ANNOTATING VIDEOS WITH ENTITIES
BASED ON COMMENT SUMMARIES

BACKGROUND
Users of web services can search for and view digital contént. For example, a

content-sharing service can enable users to share and/or view digital videos, e.g., over the
Internet. Being aware of what items of digital content, such as videos, are about can be
used to improve search, recommendations and disCoVery of videos. In some examples,
videos can be about entities, e.g., a person, a place, a thing, a name, and/or other
concepts. In some examples, an item of digital content, such as a video, can be associated
with one or more entities. F or‘example, information regarding entities can be determined

based on as video frames, title, description, and/or audio of the video.

SUMMARY

This specification relates to associating entities with digital content.

Implementations of the present disclosure are generally directed to associating one
or more entities with digital content based on a plurality of comments associated with the
digital content. Search, recommendations and/or discovery of digital content can be
improved based on the entities associated with the digital content.

In general, innovative aspects of the subject matter described in this specification
can be embodied in methods that include actions of receiving content data, the content
data including a plurality of comments associated with an item of digital content,
processing comments of the plurality of comments to provide a set of relevant sentences,
receiving a set of entities including one or more entities, each entity in the set of entities
being provided based on the set of relevant sentences and being associated with a
respective score, selecting at least one entity of the set of entities based on respective
scores, and associating the at least one entity with the item of digital content. Other
implementations of this aspect include corresponding systems, apparatus, and computer
programs, configured to perform the actions of the methods, ’encoded on computer storage
devices.

These and other implementations can each optionélly include one or more of the
following features: processing comments of the plurality of comments to provide a set of
relevant sentences includes: receiving a set of sentences, sentences in the set of sentences

including sentence tokens and word tokens, and filtering sentences from the set of
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sentences to provide a sub-set of sentences, the set of relevant sentences being provided
based on the sub-set of sentences; sentences are filtered from the set of sentences based
on at least one of language, length, punctuation, symbols, and letter case;v processing
comments of the plurality of comments to provide a set of relevant sentences includes
providing the sub-set of sentences and digital content data to a summarizer éomponent,
the summarizer component processing the sub-set of sentences to provide the set of
relevant sentences; the summarizer component processes the sub-set of sentences to
provide at least one word set, the at least one word set including words that are common
to sentences of the sub-set of sentences, the set of relevant sentences being provided
based on the at least one word set; actions further include providing the set of relevant
sentences to an entity identifier component, wherein the entity identifier component
processes the set of relevant sentences to provide the set of entities; the respective scores
each indicate a frequency, at which a respective entity is identified in the set of relevant
sentences; each entity of the set of enﬁties includes at least one of a person, a location, a
thing, and a concept; and the item of digital content comprises a video.

Particular implementations of the subject matter described in this specification can
be implemented so as to realize one or more of the following advantages. In some
examples, implementations of the present disclosure enhance search, recommendations
and discovery of based on comments associated therewith. In some exampleé,
implementations of the present disclosure deal with noise in the comments, e.g., spam,
and extract relevant information from comments. In some examples, implementations of
the presentation enable extraction of entities that are likely to be relevant, if not most
central, to the underlying digital content.

The details of one or more implementations of the subject matter described in this
specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent from

the description, the drawings, and the claims.

'BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts an example environmént in which users can interact with one or
more computer-implemented services.
FIG. 2 depicts an example search content-sharing page.
FIG. 3 depicts an example process that can be executed in accordance with

implementations of the present disclosure.
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Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

FIG. 1 depicts an example environment 100 in which users can interact with one
or more computer-iniplemented services, e.g., web services. Example computer-
implemented services can include a search service, an electronic mail service, a chat
service, a document sharing service, a calendar sharing service, a blogging vservice, a
micro-blogging service, a social networking service, a location (location-aware) service, a
check-in service, a ratings and review service, and a content-sharing service, e.g., a photo
sharing service, a video sharing service. In the example of FIG. 1, a content-sharing
service is depicted, which is described in further detail herein. It is appreciatéd, however,
that implementations of the present disclosure can include one or more computer-
implemented services, such as the examples described herein.

With continued reference to FIG. 1, a content-sharing system 120 provides
content-sharing services services. Example content can include digital videos and digital
images. The example environment 100 includes a network 102, e.g., a local area network
(LAN), a wide area network (WAN), the Internet,l or a combination thereof, that connects
user devices 106, and the content-sharing system 120. In some examples, the network 102
can be accessed over a wired and/or a wireless communications link. For example,
mobile computing devices, such as smartphones, can utilize a cellular network to access
the network. The environment 100 may include millions of user devices 106.

In some examples, a user device 106 is an electronic device that is capable of
requesting and receiving resources, €.g., web pages, over the network 102. Example user
devices 106 include personal computers, mobile computing devices, e.g., smartphones
and/or tablet coniputing devices that can send and receive data over the network 102. As
used throughout this document, the term mobile computing device (“mobile device™)
refers to a user device that is configured to communicate over a mobile communications
network. A smartphone, €.g., a phone that is enabled to communicate over the Internet, is
an example of a mobile device. A user device 106 can include a user application, e.g., a
web browser, to facilitate the sending and receiving of data over the network 102,

In some examples, to facilitate sharing of content, the content-sharing system 120

can receive content from one or more sources. For example, users can use respective
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computing devices 106 to upload content to the content-sharing service 120. A content
data repository 122, e.g., database, is provided to store content received by the content-
sharing system 120. In some examples, content is stored as one or more computer-
readable files, Which can include content data and meta-data associated with the content.
Example meta-data can include an author of the content, a date that the content was
created, geo-location data associated with the content, and/or annotations associated with

the content, as described in further detail herein. In some examples, content can be

indexed to facilitate searching of the content. In the example of FIG. 1, a content index

124 is provided. , ‘

The user devices 106 can be used to submit queries 109 to the content-sharing
system 120. In some exémples, a user device 106 can include one or more input
modalities. Example modalities can include a keyboard, a touchscreen and/or a
microphone. For example, a user can use a keyboard and/or touchscreen to type in a
query. As another example, a user can 'speak a search query, the user speech being
captured through a microphone, and being processed through speech recognition to
provide the search query. '

In response to receiving a query 109, the content-sharing system 120 accesses the

content index 122 to identify content that is relevant to, e.g., have at least a minimum

- specified relevance score for, the query 109. The content-sharing system 120 identifies

the content, generates a results display 111 that includes the content 112, and returns the
results display 111 to the user devices 106. In an example context, a results display can
include one or more web pages, €.g., one or more results pages. In some examples, a web
page can be provided based on a web document that can be written in any appropriate
machine-readable language. It is contemplated, however, that implementations of the
present disclosure can include other appropriate display types. For example, the content
can be provided in a display generated by an application that is executed on a computing
device, and/or a display generated by an operating system, e. g., mobile operating system.
In some examples, content can be provided based on any appropriate form, €.g.,
Javascript-html, plaintext.

In some examples, the content 112 includes one or more items of content, e.g.,
yideos, images, that were determined to be relevant to the query 109. The results display
111 can also include meta-data associated with the content 112. In the example of FIG. 1,
meta-data can include one or more comments 113 that are associated with the content

112. For example, the content-sharing system 120 can facilitate user comments to shared
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content. In this manner, users that are able to view the content can submit comments,
which comments are associated with the content, e.g., stored as meta-data in a computer-
readable file containing the content data.

Implementations of the present disclosure are directed to annotating content with
entities that are determined based on comments associated with the content.
Implementations will be described in further detail herein with the content including
digital videos. In accordance with implementations of the present di‘scrlosure, video data is
received and includes comments. In some implementations, comments are processed and
one or more entities relevant to the video are determined based on the comments.
Example entities can include a person, a place, a thing, a location, and a name. In general,
an entity can include any defined concept.

Referring again to FIG. 1, the énvironrnent 100 includes a comment processing
system 130. \In some examples, the comment processing system 130 processes a set of
comments associated with each item of content, e.g., video, to provide one or more
entities that can be associated with a respective item of content. In some examples, the
one or more entities can be provided as meta-data associated with the item of content,
e.g., stored in the computer-readable file of the content.

In some implementations, an initial set of comments are provided from the content
data. In some examples, the initial set of comments includes all comments associated with
the content. In some examples, if there are an insufficient number of comments (C), the
content is not processed, and no entities are associated with the content. For example, the
number of comments (C) can be compared to a threshold number of comments (CTgRLO),
and, if C is less than Crygryo, the content is not processed and no entities are associated
with the content. In some examples, if there are too many comments, comments can be
filtered from the set of comments. For example, the number of comments (C) can be
compared to a threshold number of comments (Cryrui), and, if C exceeds Crurn,
comments are filtered from the set of comments. In some examples, comments can be
filtered based on time. For example, the oldest comments can be removed from the set of
comments. As another example, the most recent comments can be removed from the set
of comments. In some examples, comments can be randomly filtered from the set of
comments.

In some implementations, comments in the set of comments are processed to
provide a set of sentences. In some examples, the comments of the set of comments are

provided to a linguistics component, which processes the comments to provide the set of
5
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sentences. In some examples, the Hnguistics component can be provided as one or more
computer-executable progranis executed by one or more computing devices. In some
examples, processing of the comments can include ahnotating the comments with
sentence boundaries and/or token boundaries. In some examples, sentence boundaries can
include an annotation indicating the beginning of a sentence, and an annotation indicating
the end of the sentence. In some examples, token boundaries indicate individual words,
symbols and/or punctuations in the comments.

In some implementations, one or more sentences are filtered from the set of
sentences. In some examples, sentences can be filtered based on language, length,
punctuation, symbols, and/or letter case. For example, sentences that are determined not
to be in a specified language, e.g., English, can be removed. As another example,
sentences that are determined to be too short, e.g., the number of words in the sentence is
less than a minimum number of words, are removed. As-another example, sentences that
are determined to be too long, e.g., the number of words in the sentence exceeds a
maximum number of words, are removed. As another example, sentences having too
many uppercase letters relative to the letters of the sentence, e.g., a ratio of uppercase
letters to all letters in the sentence exceeds a threshold ratio, can be removed. As another
example, sentences having too many punctuations relative to the overall number of
characters, e.g., a ratio of punctuations to characters of a sentence exceeds a threshold
ratio, can be removed. As another example, sentences having a number of symbols that
exceeds a threshold number of symbols can be removed.

In some implementations, if there are too many sentences in the set of sentences,
e.g., after the set of sentences has been filtered, sentences can be further filtered from the
set of sentences, e.g., to provide a sub-set of sentences. For example, the number of
sentences (S) can be compared to a threshold number of sentences (Stur), and, if S
exceeds Stur, sentences are filtered from the set of sentences. In some examples,
sentences can be filtered based on time. For example, sentences provided from the oldest
comments can be removed from the set of sentences. As another example, sentences
provided from the most recent comments can be removed from the set of sentences. In
some examples, sentences can be randomly filtered from the set of sentences. In some
examples, above-described thresholds, e.g., threshold ratios, threshold number of
symbols, minimum/maximum number of words, and the like, can be tightened to further

filter sentences based on the respective parameters, e.g., language, length, punctuation,
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symbols, and/or letter case. In some examplés, if no sentences are filtered from the set of
sentences, the sub-set of sentences includes the sentences of the set of sentences.

In some implementations, the sub-set of sentences is provided to a summarizer
component, which provides a set of relevant sentences. In some examples, the
summarizer component can be provided as one or more computer-executable programs
executed by one or more computing devices. In some examples, additional content data
for the respective item of content, e.g., video, can also be provided to the summarizer

component. Example additional content data can include a title associated with the

| content, and a description associated with the content. For example, a user that provided

the item of content to the content-sharing service 120 can provide a title for the content
and/or a description of the content.

In some implementations, the summarizer component processes the sentences to
provide the set of relevant sentences. In some examples, the summarizer processes the
sentences to provide one or more word sets. An example first word set can include words
that are common for the particular language, e.g., English. In some example, common
words can include words, e.g., the, a, an, and, but, or, that do not reflect a topic of a
particular sentence, e.g., words that are frequently seen in sentences regardless of tOplC(S).
An example second word set can include words that are common to the particular
sentences of the sub-set of sentences. In some examples, a frequency of each word across
the sentences of the sub-set of sentences can be determined. In some examples, if the
frequency of a word exceeds a threshold frequency, and the word is not included in the
first word set, e.g., words that are common to the language, then the word is included in
the second word set. In some examples, if the frequency of a word does not exceed a
threshold frequency, and/or the word is included in the first word set, e.g., words that are
common to the language, then the word is not included in the second word set. In some
examples, sentences that include one or more words of the second word set are included
in the set of relevant sentences. |

In some examples, relevant sentences can be identified based on one or more
words that are included in the title for the content and/or the description of the content. In
some examples, if a word in a sentence corresponds to a word in the title and/or
description, and the word is not included in the first word set, the sentence can be
included in the set of relevant sentences.

In some implementations, relevant sentences of the set of relevant sentences are

processed to identify one or more entities. In some examples, the set of relevant sentences
7
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is provided to an entity identifier component, which processes the relevant sentences to
identify one or more entities that can be associated with the underlying item of digital
content, €.g., the digital content, from which the set of relevant sentences was provided.
In some examples, the entity identifier component can be provided as one or more
computer-executable programs executed by one or more computing devices. In some
examples, one or more entities can be identified based on words provided in the relevant’
sentences. In some examples, one or more entities can be identified as related entities
based on entities identified from the words. In some examples, each entity has an
associated topicality score that reflects the frequency, at which the entity is identified
from the relevant sentences. In some examples, an entity that is frequently identified from
the relevant sentences has a highér topicality score than an entity that is less frequently
identified from the relevant sentences. In some examples, the entity identifier component -
provides a set of entities, the set of entities including one or more entities, each entity in
the set of entities being associated with a respective topicality score. |

In some implementations, one or more entities are selected from the set of entities
to be associated with the underlying digital content. In some examples, entities can be
selected based on respective topicality scores. For example, entities can be provided in
ranked order, where the top X entities are provided as primary entities, the next top Y
entities are provided as secondary entities, and the next Z entities are provided as tertiary
entities. In some examples, one or more primary entities, e.g., X > 1, one or more
secondary entities, e.g., Y > 1, and one or more tertiary entities, €.g., Z > 1. In some
examples, a primary entity indicates a topic that the underlying digital content is
determined to be primarily about. In some examples, a secondary entity indicates a topic
that the underlying digital content is determined to be secondarily about. In some

examples, a tertiary entity indicates a topic that the underlying digital content is

determined to be relevant and/or related to.

In some implementations, each entity of one or more entities that have been
selected is associated with the underlying item of digital content. In some examples,
metadata indicating each of the one or more entities can be included in computer-readable
file of the content.

In some examples, one or more recommendations can be provided to users based
on entities associated with an item of digital content. In some examples,
recommendations can be provided based on an intersection of éntities associated with a

user, e.g., provided from a user profile, and entities associated with digital content. For
R ‘
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example, and referring again to FIG. 1, the environment 100 includes a recommendation
system 140. In some examples, the recommendation system 140 can access an index of
users, which index provides one or more entities associated with respective users. In some
examples, the recommendation system' 140 can access an index of digital content, which
index provides one or more entities associated with respective items of digital content. In
some examples, digital content, for which entities match with entities associated with a
particular user, can be recommended to the user. In some examples, the recommendation
system 140 can match digital content to other digital content based on entities that the
digital content have in common, and can be recommended relative to one another, as
described in further detail below.

Although, in the example of FIG. 1, the content-sharing system 120, the comment
processing system 130, and the recommendation system 140 are depicted as
communicating directly with one another, it is contemplated that the content-sharing

system 120, the comment processing systém 130, and the recommendation system 140

can communicate with one another through the network 102.

FIG. 2 depicts an example content-sharing page 200. In the example of FIG. 2, the
content-sharing page 200 includes a content display region 202, and a recommended
content region 204. In the depicted example, a video 206 is displayed. The video 206
includes a title 208, a description 210, and comments 212, 214, 216, 218, 220 associated
therewith. In some examples, the video 206 can be displayed based on a query submitted
by a user. In the depicted example, videos 230, 232 are displayed in the reccommended
content region 204.

In accordance with implementations .of the present disclosure, comments
associated with the video 206, e.g., including comments 212, 214, 216, 218, 220, can be
processed to associate one or more entities with the video 206. For the example of FIG. 2,
example entities can include cats, cars and motorcycles. In some examples, the comments
216, 220 can be filtered from determining entities to be associated with the video 206. For
example, the comment 216 can be determined to be spam, and consequently, can be
filtered from consider_atioh. As another example, the comment 220 can be considered to
be too short, contain too many uppercase letters, and/or contain to many punctuations,
and consequently, can be filtered from consideration. In some examples, the comments
212, 214, 218 can be considered in determining entities to be associated with the video
206. In some examples, each of the comments 212, 214, 218 can include one or more

sentences having appropriate parameters, e.g., language, length, punctuation, symbols,
| 9
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and/or letter case, and that are determined to be relevant sentences, e.g., based on the
terms “cats,” “cars,” “motorcycle,” and “motorcycles,” and the title 208 and description
210 of the video 206. In some examples, the comments 212, 214, 218 can be processed to
associate the example entities “cat,” “car,” “motorcycle,” and “vehicle” with the video
206.

In some implementations, the videos 230, 232 can be recommended at least
partially based on the entities associated with the video 206. For example, it can be
determined that the video 230 is associated with the entity “cat.” Consequently, the video
230 can be identified as a recommended video, e.g., the entity “cat” is associated with
both the video 206 and the video 230, and can be displayed in the recommended content
region 204. As another example, it can be determined that the video 232 is associated
with the entity “motorcycle.” Consequently, the video 232 can be identified as a
recommended video; e.g., the entity “motorcycle” is associated with both the video 206
and the video 232, and can be displayed in the recommended content region 204.

FIG. 3 depicts an example process 300 that can be executed in accordance with
implementations of the present disclosure. The example process 300 can be implemented,
for example, by the example environment 100 of FIG. 1. In some examples, the example
process 300 can be provided by one or more computer-executable programs executed
using one or more computing devices. In some examples, the process 300 can be
performed for each item of content, e.g., video, provided, e.g., by the content processing
system 130 of FIG. 1.

Video data is received (302). For example, the video data can be received by the
comment processing system 130. In some examples, the video data includes comments,
e.g., C comments. In some examples, the video data includes a title and/or description
associated with the underlying video. It is determined whether C exceeds Cryrro (304).
For example, the content proceésing system can determine whether C exceeds Cyprio. If
C does not exceed Crurro, the comments are not processed (306). If C exceeds Cryrro, it
is determined whether C exceeds Cryrpr (308). If C exceeds Crurus, the comments can be
filtered (310). In some examples, comments can be filtered as described herein. For
example, comments can be removed, such that less than or equal to Ctury comments are
included in the set of comments that are to be processed. ‘

Comments are processed to provide sentences (312). For example, the comments
can be provided to a linguistics component, which procésses the comments to provide the

set of sentences, as described herein. Sentences are filtered (314). For example, sentences
' 10
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can be filtered from the set of sentences to provide a sub-set of sentences, as described
herein. The number of sentences is capped to provide a sub-set of sentences (316). The
sub-set of sentences and video data, e.g., title, description, are provided to a summarizer

component (318). In some examples, and as described herein, the summarizer component

* processes the sentences to provide a set of relevant sentences. The set of relevant

sentences is provided to an identifier component (322). In some examples, and as
described herein, the set of relevant sentences is provided to an entity identifier

component, which processes the relevant sentences to identify one or more entities that

‘can be associated with the video. For example, the entity identifier component can

provide a list of entities, each entity being associated with a respective topicality score.

Entities are selected to be associated with the video (326). In some examples, and
as described herein, entities can be selected from the list of entities based on the
respective topicality scores: For example, primary, secondary and/or tertiary entities can
be provided. A video data set is provided (328). For example, the video data set can
include the one or more entities, e.g., primary, secondary and/or tertiary entities that are
associated with the underlying video. In some examples, the content-sharing system 120
and/or the comment processing system 130 can provide the video data set.

Implementations of the subject matter and the operations described in this
specification can be realized in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Implementations of the
subject matter described in this specification can be realized using one or more computer
programs, i.e., one or more modules of computer program instructions, encoded on
computer storage medium for execution by, or to control the operation of, data processing
apparatus. Alternatively or in addition, the program instructions can be encoded on an
artificially-generated propagated signal, e.g., a machine-generated electrical, optical, or |
electromagnetié signal that is generated to encode information for transmission to suitable
receiver apparatus for execution by a data processing apparatus. A computer storage
medium can be, or be included in, a computer-readable storage device, a computer-
readable storage substrate, a random or serial access memory array or device, or a
combination of one or more of them. Moreover, while a computer storage medium is not
a propagated signal, a computer storage medium can be a source or destination of

computer program instructions encoded in an artificially-generated propagated signal.
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The computer storage medium can also be, or be included in, one or more separate

- physical components or media (e.g., multiple CDs, disks, or other storage devices).

The operations described in this specification can be implemented as operations
performed by a data processing apparatus on data stored on one or more computer-
readable storage devices or received from other sources.

The term “data processing apparatus” encompasses all kinds of apparatus, devices,
and machines for processing data, including by way of example a programmable
processor, a computer, a system on a chip, or multiple ones, or combinations, of the
foregoing The apparatus can include speci‘al purpose logic circuitry, e.g., an FPGA (field
programmable gate array) or an ASIC (application-specific integrated circuit). The
apparatus can also include, in addition to hardware, code that creates an execution
environment for the computer program in question, e.g., code that constitutes processor
firmware, a protocol stack, a database managemént system, an operating system, a cross-
platform runtime environment, a virtual machine, or a combination of one or more of
them. The apparatus and execution environment can realize various different computing
model infrastructures, such as web services, distributed computing and grid computing
infrastructures.

A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled
or interpreted languages, declarative or procedural languages, and it can be deployed in
any form, including as a stand-alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing environment. A computer program
may, but need not, correspond to a file in a file system. A program can be stored in a
portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more modules, sub-programs, or
portions of code). A computer program can be deployed to be executed on one computer
or on multiple computers that are located at one site or distributed across multiple sites
and interconnected by a communication network.

The processes and logic flows described in this specification can be performed by
one or more programmable processors executing one or more computer programs to
perform actions by operating on input data and generating output. The processes and

logic flows can also be performed by, and apparatus can also be implemented as, special
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purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC

| (application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
'exaniple, both general and special purpose microprocessors, and any one 6r more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or both.
Elements of a computer can include a processor for performing actions in accordance
with instructions and one or more memory devices for storing instructions and data.
Génerally, a computer will also include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. However, a computer need not have such
devices. Moreover, a computer can-be embedded in another device, e.g., a mobile
telephone, a personal digital assistant (PDA), a mobile audio or video player, a game
console, a Global Positioning System (GPS) receiver, or a portable storage device (e.g., a
universal serial bus (USB) flash drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of non-volatile memory, media
and memory devices, including by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks
or removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, implementations of the subject matter
described in this specification can be implemented on a computer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for displaying
information to the user and a keyboard and a pointing device, €.g., a mouse or a trackball,
by which the user can provide input to the computer. Other kinds of devices can be used
to provide for interaction with a user as well; for example, feedback provided to the user
can be any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any form, including acoustic, speech,
or tactile input. In addition, a computer can interact with a user by sending documents to
and receiving documents from a device that is used by the user; for example, by sending
web pages to a web browser on a user’s client device in response to requests received

from the web browser.
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Implementations of the subject matter described in this specification can be
implemented in a computing system that includes a back-end component, e.g., as a data
server, or that includes a middleware component, e.g., an application server, or that
includes a front-end component, e.g., a client computer having a graphical user interface
or a Web browser through which a user can interact with an implementation of the subj ect
matter described in this specification, or any combination of one or more such back-end,
middleware, or front-end components. The components of the system can be
interconnected by any form or médium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN), an inter-network (e.g., the
Internet), and peer-to-peer networks (e.g., ad hoc peer-to-peer networks).

The computing system can include clients and servers. A client and server are

- generally remote from each other and typically interact through a communication

network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.
In some implementations, a server transmits data (e.g., an HTML page) to a client device
(e.g., for purposes of displaying data to and receiving user input from a user interacting
with the client device). Data generated at the client device (e.g., a result of the user
interaction) can be received from the client deviée at the server.

While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any implementation of the present
disclosure or of what may be claimed, but rather as descriptions of features specific to
example implementations. Certain features that are described in this specification in the
context of separate implementations can also be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation can also be implemented in multiple implementations separately or in any
suitable sub-combination. Moreover, although features may be described above as acting
in certain combinations and even initially claimed as such, one or more features from a
claimed combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination. -

Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to

achieve desirable results. In certain circumstances, multitasking and parallel processing
14
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may be advantageous. Moreover, the separation of various system components in the
implementations described above should not be understood as requiring such separation
in all implementations, and it should be understood that the described program |
components and systems can generally be integrated together in a single software product
or packaged into multiple software products.

Thus, particular implementations of the subject matter have been described. Other
implementations are within the scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, to achieve desirable
results. In certain iinplementations, multitasking and parallel processing may be

advantageous.
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CLAIMS

1. A computer-implemeﬁted method executed using one or more processors, the
method comprising:

receiving, by the one or more processors, content data, the content data
comprising a plurality of comments associated with an item of digital content;

| processing, by the one or more processors, comments of the plurality of comments

to provide a set of relevant sentences;

receiving, by the one or more processors, a set of entities comprising one or more
entities, each entity in the set of entities being provided based on the set of relevant
sentences and being associated with a respective score;

selecting, by the one or more processors, at least one entity of the set of entities
based on respective scores; and

associating, by the one or more processors, the at least one entity with thé item of

digital content.

2. The method of claim 1, wherein processing comments of the plurality of
comments to provide a set of relevant sentences comprises:

receiving a set of sentences, sentences in the set of sentences comprising sentence |
tokens and word tokens; and

filtering sentences from the set of sentences to provide a sub-set of sentences, the

set of relevant sentences being provided based on the sub-set of sentences.

3. The method of claim 2, wherein sentences are filtered from the set of sentences

based on at least one of language, length, punctuation, symbols, and letter case.

4. The method of claim 1, wherein processing comments of the plurality of

comments to provide a set of relevant sentences comprises providing the sub-set of
sentences and digital content data to a summarizer component, the summarizer

component processing the sub-set of sentences to provide the set of relevant sentences.
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5. The method of claim 4, wherein the summarizer component processes the sub-set
of sentences to provide at least one word set, the at least one word set comprising words
that are common to sentences of the sub-set of sentences, the set of relevant sentences

being provided based on the at least one word set.

6. The method of claim 1, further comprising providing the set of relevant sentences
to an entity identifier component, wherein the entity identifier component processes the

set of relevant sentences to provide the set of entities.

7. ‘The method of claim 1, wherein the respective scores each indicate a frequency, at

which a respective entity is identified in the set of relevant sentences.

8. The method of claim 1, wherein each entity of the set of entities comprises at least

one of a person, a location, a thing, and a concept.
0. The method of claim 1, wherein the item of digital content comprises a video.

10. A system comprising:
a data store for storing data; and
one or more processors configured to interact with the data store, the one or more
processors being further configured to perform operations comprising:
receiving content data, the content data comprising a plurality of
comments associated with an item of digital content;
processing comments of the plurality of comments to provide a set of
relevant sentences;
receiving a set of entities comprising one or more entities, each entity in’
the set of entities being provided based on the set of relevant sentences and
being associated with a respective score;
selecting at least one entity of the set of entities based on respective scores;
and ‘

associating the at least one entity with the item of digital content.

11.  The system of claim 10, wherein processing comments of the plufality of

comments to provide a set of relevant sentences comprises: -
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receiving a set of sentences, sentences in the set of sentences comprising sentence

tokens and word tokens; and

filtering sentences from the set of sentences to provide a sub-set of sentences, the

set of relevant sentences being provided based on the sub-set of sentences.

12.  The system of claim 11, wherein sentences are filtered from the set of sentences

based on at least one of language, length, punctuation, symbols, and letter case.

comments to provide a set of relevant sentences comprises providing the sub-set of

- 13. The system of claim 10, wherein processing comments of the plurality of

sentences and digital content data to a summarizer component, the summarizer

component processing the sub-set of sentences to provide the set of relevant sentences.

14.  The system of claim 13, wherein the summarizer component processes the sub-set

of sentences to provide at least one word set, the at least one word set comprising words

that are common to sentences of the sub-set of sentences, the set of relevant sentences

being provided based on the at least one word set.

15.  The system of claim 10, wherein operations further comprise providing the set of

relevant sentences to an entity identifier component, wherein the entity identifier

component processes the set of relevant sentences to provide the set of entities.

16.  The system of claim 10, wherein the respective scores each indicate a frequency,

at which a respective entity is identified in the set of relevant sentences.

17. The system of claim 10, wherein each entity of the set of entities comprises at

least one of a person, a location, a thing, and a concept.

18.  The system of claim 10, wherein the item of digital content comprises a video.

19. A computer readable medium storing instructions that, when executed by one or

more processors, cause the one or more processors to perform operations comprising:

receiving content data, the content data comprising a plurality of comments

associated with an item of digital content;
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processing comments of the plurality of comments to provide a set of relevant
sentences;

receiving a set of entities comprising one or more entities, each entity in the set of
entities being provided based on the set of relevant senténces and being associated with a
respective score;

selecting at least one entity of the se‘t>of entities based on respective scores; and

associating the at least one entity with the item of digital content.

20.  The computer readable medium of claim 19, wherein processing comments of the
plurality of comments to provide a set of relevant sentences comprises:

receiving a set of sentences, sentences in the set of sentences comprising sentence
tokens and word tokens; and | ‘

filtering sentences from the set of sentences to provide a sub-set of sentences, the

set of relevant sentences being provided based on the sub-set of sentences.

21.  The computer readable medium of claim 20, wherein sentences are filtered from
the set of sentences based on at least one of language, length, punctuation, symbols, and

letter case.

22, The computer readable medium of claim 19, wherein processing comments of the
plurality of comments to provide a set of relevant sentences comprises providing the sub-
set of sentences and digital content data to a summarizer component, the summarizer

component processing the sub-set of sentences to provide the set of relevant sentences.

23.  The computer readable medium of claim 22, wherein the summarizer component
processes the sub-set of sentences to provide at least one word set, the at least one word
set comprising words that are common to sentences of the sub-set of sentences, the set of

relevant sentences being provided based on the at least one word set.

24.  The computer readable medium of claim 19, wherein operations further comprise
providing the set of relevant sentences to an entity identifier component, wherein the
entity identifier component processes the set of relevant sentences to provide the set of

entities.
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25.  The computer readable medium of claim 19, wherein the respective scores each
indicate a frequency, at which a respective entity is identified in the set of relevant

sentences.

26.  The computer readable medium of claim 19, wherein each entity of the set of

entities comprises at least one of a person, a location, a thing, and a concept.

27.  The computer readable medium of claim 19, wherein the item of digital content

comprises a video.
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