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(57) ABSTRACT

Consolidation of disparate data source queries is provided.
An application intake component can receive an application
package file, and process the file to identify one or more
actions and entities for the application. A natural language
processor component can receive an input audio signal to
identify an action and an entity on which to perform the
action. An application delivery component can identify
applications that can perform the action and applications that
have access to the entity, and then select an application that
is configured to perform the action on the entity. The
application delivery component can provide an indication of
the application selected by the system to a client device.
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CONSOLIDATION OF RESPONSES FROM
QUERIES TO DISPARATE DATA SOURCES

BACKGROUND

[0001] A server can receive a request for information. The
server can route the request for information to numerous
databases or servers in order to obtain the requested infor-
mation.

SUMMARY

[0002] The present technical solution is generally directed
to consolidating responses from queries to disparate data
sources. At least one aspect of the present technical solution
is directed to a system to consolidate disparate data source
queries. The system can include a data processing system.
The data processing system can include one or more pro-
cessors and memory. The data processing system can
include an application intake component, a natural language
processing component, and an application delivery compo-
nent. The data processing system can receive application
package files. The data processing system can receive the
application package files from a plurality of developer
computing devices. The application package files can
include instructions to distribute and install a plurality of
applications on a plurality of computing devices. Each of the
application package files can be associated with an action-
inventory file. The data processing system can process the
action-inventory file to identify one or more electronic
actions the mobile application performs. The data process-
ing system can process the action-inventory file to identify
corresponding one or more entities on which the mobile
application performs the one or more electronic actions. The
data processing system can receive, via an interface of the
data processing system and a network, data packets com-
prising an input audio signal detected by a sensor of a client
device. The data processing system can parse the input audio
signal to identify an action and an entity on which to perform
the action. The data processing system can select, based on
the action-inventory file, a first one or more applications of
the plurality of applications configured with access to the
entity identified from the input audio signal and configured
to perform the action identified in the input audio signal. The
data processing system can provide, to the client device, an
indication of the application selected by the data processing
system to cause the client device to initiate execution of the
application to perform the action using the entity identified
in the input audio signal.

[0003] The data processing system can identify a first one
or more applications configured to perform the action iden-
tified from the input audio signal. The data processing
system can select, from the first one or more applications
and the second one or more applications, an application
configured to perform the action and access the entity
identified from the input audio signal.

[0004] At least one aspect of the present technical solution
is directed to a method of consolidating disparate data
source queries. The method can include the data processing
system receiving application package files comprising
instructions to distribute and install a respective plurality of
applications on a plurality of computing devices. The appli-
cation package files can each be associated with a respective
action-inventory file. The data processing system can
receive the application package files from a plurality of
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developer computing devices. The method can include the
data processing system processing each action-inventory file
to identify one or more electronic actions the respective
application performs and corresponding one or more entities
on which the mobile application performs the one or more
electronic actions. The method can include the data process-
ing system receiving, via an interface of the data processing
system and a network, data packets comprising an input
audio signal detected by a sensor of a client device. The
method can include the data processing system parsing the
input audio signal to identify an action and an entity on
which to perform the action. The method can include the
data processing system selecting, based on the action-inven-
tory file, a first one or more applications of the plurality of
applications configured with access to the entity identified
from the input audio signal and configured to perform the
action identified in the input audio signal. The method can
include the data processing system providing, to the client
device, an indication of the application selected by the data
processing system to cause the client device to initiate
execution of the application to perform the action using the
entity identified in the input audio signal.

[0005] The method may include one or more of the
following features. The method can include the data pro-
cessing system identifying a first one or more applications
configured to perform the action identified from the input
audio signal. The method can include the data processing
system selecting, from the first one or more applications and
the second one or more applications, an application config-
ured to perform the action and access the entity identified
from the input audio signal. Identifying a second one or
more applications configured to perform the action identified
from the input audio signal. Providing an indication of the
application selected by the data processing apparatus can
comprise: selecting, from the first one or more applications
and the second one or more applications, an application
configured to perform the action and access the entity
identified from the input audio signal; and providing the
application selected from the first one or more applications
and the second one or more applications. Receiving the
action-inventory file comprising an extensible markup lan-
guage file. Receiving the action-inventory file comprising a
pointer to a list of entities. Receiving, for at least one of the
plurality of applications, the action-inventory file compris-
ing a uniform resource locator to a web page established via
a developer computing device; and determining an inventory
of entities from the web page of the developer computing
device. Receiving, for at least one of the plurality of appli-
cations, the action-inventory file comprising a uniform
resource locator to web page comprising a structured
markup of entities; accessing the web page via the uniform
resource locator; parsing the web page with the structured
markup of entities to identify an inventory of entities;
associating, in a database, the inventory of entities with the
at least one of the plurality of applications. Identifying, from
the input audio signal, the application; and selecting the
application based on the first one or more applications, the
second one or more applications, and the input audio signal.
Executing a web search via a search engine based on at least
one of the action and the entity identified from the input
audio signal; and identifying at least one of the first one or
more applications or the second one or more applications
based on results of the web search output by the search
engine. Executing a web search via a search engine based on
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at least one of the action and the entity identified from the
input audio signal to identify a second plurality of applica-
tions; ranking each of the second plurality of applications;
and selecting a highest ranking application from the second
plurality of application as the application for which to
provide the indication to the client device. Executing a web
search via a search engine based on at least one of the action
and the entity identified from the input audio signal to
identify a second plurality of applications; scoring each of
the second plurality of applications based on performance
feedback associated with the action; and selecting a highest
scoring application from the second plurality of application
as the application for which to provide the indication to the
client device. Executing a web search via a search engine
based on at least one of the action and the entity identified
from the input audio signal to identify a second plurality of
applications; scoring each of the second plurality of appli-
cations based on historical preference information associ-
ated with the client device for the action; and selecting a
highest scoring application from the second plurality of
application as the application for which to provide the
indication to the client device. Identifying the entity from the
input audio signal based on a graph database comprising a
hierarchical taxonomy of entities each having a unique
identifier formed of a domain, type and property. Identifying
the entity from the input audio signal based on a graph
database comprising a hierarchical taxonomy of entities
each having a unique identifier formed of a domain, type and
property; and identifying the first one or more applications
or the second one or more applications based on a web
search using the entity. Identifying the entity from the input
audio signal based on a graph database comprising a hier-
archical taxonomy of entities each having a unique identifier
formed of a domain, type and property; identify, via a
database, a set of actions configured for the entity; and
identifying the second one or more applications based on the
set of actions configured for the entity.

[0006] It will be appreciated that aspects can be imple-
mented in any convenient form. For example, aspects may
be implemented by appropriate computer programs which
may be carried on appropriate carrier media which may be
tangible carrier media (e.g. disks) or intangible carrier media
(e.g. communications signals). Aspects may also be imple-
mented using suitable apparatus which may take the form of
programmable computers running computer programs
arranged to implement the invention. Aspects can be com-
bined such that features described in the context of one
aspect may be implemented in another aspect.

[0007] These and other aspects and implementations are
discussed in detail below. The foregoing information and the
following detailed description include illustrative examples
of various aspects and implementations, and provide an
overview or framework for understanding the nature and
character of the claimed aspects and implementations. The
drawings provide illustration and a further understanding of
the various aspects and implementations, and are incorpo-
rated in and constitute a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are not intended to be
drawn to scale. Like reference numbers and designations in
the various drawings indicate like elements. For purposes of
clarity, not every component may be labeled in every
drawing. In the drawings:
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[0009] FIG. 1 is an illustration of a system to consolidate
disparate data source queries, in accordance with an imple-
mentation.

[0010] FIG. 2 is an illustration of an operation of a system
to consolidate disparate data source queries, in accordance
with an implementation.

[0011] FIG. 3 is an illustration of a method of consolidat-
ing disparate data source queries, in accordance with an
implementation.

[0012] FIG. 4 is a block diagram illustrating a general
architecture for a computer system that can be employed to
implement elements of the systems depicted in FIG. 1 and
FIG. 2, and the method depicted in FIG. 3.

DETAILED DESCRIPTION

[0013] Following below are more detailed descriptions of
various concepts related to, and implementations of, meth-
ods, apparatuses, and systems of consolidating disparate
data source queries. The various concepts introduced above
and discussed in greater detail below may be implemented
in any of numerous ways.

[0014] The present technical solution is generally directed
to consolidating disparate data source queries. For example,
applications can execute on a computing device. The appli-
cation can be developed, created or otherwise provided by a
third-party developer via a developer device. The applica-
tion, such as a mobile application, can be configured to
execute or perform certain types of actions on certain types
of data files, resources, or other content. For example, a
mobile application can be configured for execution on a
mobile computing device such as a smartphone to perform
an action such as “play” on a digital or electronic resource
such as a music file. The mobile application can be referred
to as a music application. Developers can provide various
types of applications, such as video player application,
music player application, augmented reality application,
news applications, electronic book applications, video game
applications, recipe applications, ticket purchasing applica-
tions, clothing applications, e-commerce applications, or
ride sharing applications, for example.

[0015] The application or mobile application can execute
on a computing device or mobile computing device. The
application can execute partially on the computing device
and partially on a data processing system. The application
can execute on the data processing system and receive input
from the computing device. For example, a data processing
system can receive an input audio signal (e.g., voice input)
from a computing device, and parse the input audio signal to
identify an action (e.g., play music) and an entity (e.g., a
particular artist or song) on which to perform the action.
Applications can refer to applications on various platforms,
including different types of mobile devices, computing
device, operating systems, conversational applications, or
chatbot applications.

[0016] However, it can be challenging for the data pro-
cessing to determine which application can perform the
action, as well as which application has access to the entity.
For example, each application or developer of the applica-
tion can store electronic data files in a different database or
data repository. Each application or developer of the appli-
cation can indicate the types of actions the application can
perform using one or more techniques. The indication of the
action and electronic data files or entities on which the action
can be performed can be in various formats or locations.
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Thus, it can be challenging for a voice-based computing
environment to receive an input audio signal with a request
to perform a type of action on a certain entity to efficiently,
accurately, and reliably select an application that can per-
form the type of action on the requested entity.

[0017] For example, application developers may not
semantically specify the function of their application (e.g.,
play movies, get news, order food, or order a ride) and
provide an inventory for the entities their application works
on (e.g., movie names). This makes it challenging for a data
processing system to select, trigger or suggest these appli-
cations when an input audio signal from a use requests
performance of certain tasks or action via a digital assistant.
[0018] Thus, systems and methods of the present technical
solution can solve the technical problem of matching action
providers to user queries by providing information relating
to intents that applications can serve and associated inven-
tory, and use this inventory while searching for the provider
to serve the user query. This technical solution can also be
used to perform entity pivoting in order to pivot on actions
based on the entity specified in the user requests. For
example, if a user asks about a height of a musician, the data
processing system may provide action based suggestions
related to musician such as play music, show musicians
recent online posts, buy tickets for the musician.

[0019] To do so, the data processing system of the present
technical solution can combine or consolidate structured
data feeds and web pages to (1) match queries to corre-
sponding providers, and (2) generate entity-based applica-
tion action recommendations. For example, for a given
entity, the data processing system can recommend applica-
tions that explicitly provide actions for an entity (e.g., via
feeds) cross-ranked with applications associated with web
pages that are related to the entity. To do this, the data
processing system can combine or consolidate results from
various processes, techniques, infrastructures, or data
sources including, for example: parsing or natural language
processing to identify entities from a user query; web search
techniques to identify entities from web content and feeds;
structured data feeds containing uniform resource locators
(URLs) or deep links to the application; knowledge of a
level of relatedness a given entity in structured feed item or
a web page has to the query; or indexes of web URLs to
corresponding deep links to the applications.

[0020] The data processing system can combine these
infrastructures in a configuration driven way to determine
when and how to search these siloed data sources and to
combine the results of these distinct data sources, re-rank the
results, match the results to application developer provided
inventory specification to understand the intent the result is
satisfying (e.g., GET RECIPE or PLAY MOVIE) to create
a sorted list of agents or applications which can fulfill the
user requests. The data processing system can further
improve the suggestions by filtering the recommendation to
only applications that are installed on the client device.
Since each data source or vertical within a data source may
have a different request and response format, the data
processing system can receive from the application devel-
oper devices a specification for creating the requests from
user query and user context using a set of configurations.
The application developers can use the configurations to
convert the responses into a common format for further
processing. Thus, the data processing system can combine
structured data feeds and unstructured data feeds; (2) use
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any knowledge graph to process queries across any vertical;
and (3) provide any type of fulfillment for any type of
device. The techniques described herein can allow a device
to only open applications that are able to fulfil a request.
Opening an application on a device typically utilizes sig-
nificant computer resources and by first determining whether
an application is able to fulfil a request before opening the
application, the subject matter described herein can reduce
computer resource utilization.

[0021] FIG. 1 illustrates an example system 100 for con-
solidating disparate data source queries. The system 100 can
include content selection infrastructure. The system 100 can
include a data processing system 102. The data processing
system 102 can communicate with one or more of a devel-
oper computing device 106 or client computing device 104
via a network 105. The network 105 can include computer
networks such as the Internet, local, wide, metro, or other
area networks, intranets, satellite networks, and other com-
munication networks such as voice or data mobile telephone
networks. The network 105 can be used to access informa-
tion resources such as web pages, web sites, domain names,
or uniform resource locators that can be presented, output,
rendered, or displayed on at least one computing device 104,
such as a laptop, desktop, tablet, personal digital assistant,
smart phone, portable computers, or speaker. For example,
via the network 105 a user of the computing device 104 can
access information or data provided by a developer com-
puting device 106. The computing device 104 (or client
device) may or may not include a display; for example, the
computing device may include limited types of user inter-
faces, such as a microphone and speaker. In some cases, the
primary user interface of the computing device 104 may be
a microphone and speaker. The computing device 104 can
interface with or be included in a voice-based computing
environment.

[0022] The network 105 can be used by the data process-
ing system 102 to access information resources such as web
pages, web sites, domain names, or uniform resource loca-
tors that can be presented, output, rendered, or displayed by
the client computing device 104. For example, via the
network 105 a user of the client computing device 104 can
access information or data provided by the developer com-
puting device 106. The network 105 can include or consti-
tute a sub-network of information resources available on the
internet that are associated with a content placement or
search engine results system, or that are eligible to include
third party digital components as part of a digital component
placement campaign.

[0023] The network 105 may be any type or form of
network and may include any of the following: a point-to-
point network, a broadcast network, a wide area network, a
local area network, a telecommunications network, a data
communication network, a computer network, an ATM
(Asynchronous Transfer Mode) network, a SONET (Syn-
chronous Optical Network) network, a SDH (Synchronous
Digital Hierarchy) network, a wireless network and a wire-
line network. The network 105 may include a wireless link,
such as an infrared channel or satellite band. The topology
of the network 105 may include a bus, star, or ring network
topology. The network may include mobile telephone net-
works using any protocol or protocols used to communicate
among mobile devices, including advanced mobile phone
protocol (“AMPS”), time division multiple access
(“TDMA”), code-division multiple access (“CDMA™),
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global system for mobile communication (“GSM”), general
packet radio services (“GPRS”) or universal mobile tele-
communications system (“UMTS”). Different types of data
may be transmitted via different protocols, or the same types
of data may be transmitted via different protocols.

[0024] The system 100 can include at least one data
processing system 102. The data processing system 102 can
include at least one logic device such as a computing device
having a processor to communicate via the network 105, for
example with the computing device 104, developer comput-
ing device 106 (e.g., content provider). The data processing
system 102 can include at least one computation resource,
server, processor or memory. For example, the data process-
ing system 102 can include a plurality of computation
resources or servers located in at least one data center. The
data processing system 102 can include multiple, logically-
grouped servers and facilitate distributed computing tech-
niques. The logical group of servers may be referred to as a
data center, server farm or a machine farm. The servers can
also be geographically dispersed. A data center or machine
farm may be administered as a single entity, or the machine
farm can include a plurality of machine farms. The servers
within each machine farm can be heterogeneous—one or
more of the servers or machines can operate according to
one or more type of operating system platform.

[0025] Servers in the machine farm can be stored in
high-density rack systems, along with associated storage
systems, and located in an enterprise data center. For
example, consolidating the servers in this way may improve
system manageability, data security, the physical security of
the system, and system performance by locating servers and
high performance storage systems on localized high perfor-
mance networks. Centralization of all or some of the data
processing system 102 components, including servers and
storage systems, and coupling them with advanced system
management tools allows more efficient use of server
resources, which saves power and processing requirements
and reduces bandwidth usage.

[0026] The system 100 can include, access, or otherwise
interact with at least one developer computing device 106.
The developer computing device 106 can include at least
one logic device such as a computing device having a
processor to communicate via the network 105, for example
with the computing device 104, or the data processing
system 102. The developer computing device 106 can
include at least one computation resource, server, processor
or memory. For example, the developer computing device
106 can include a plurality of computation resources or
servers located in at least one data center. The developer
computing device 106 can include one or more component
or functionality of the data processing system 102. The
developer computing device 106 can include or refer to an
application developer device, service provider device, or
goods provider device. The developer computing device 106
can be used to develop the applications. The developer
computing device 106 can be used to partially develop the
application. The developer computing device 106 can be
used to provide the application to the data processing system
102. The developer computing device 106 can be used to
otherwise facilitate providing the application or providing a
functionality associated with the application.

[0027] The computing device 104 can include, interface,
or otherwise communicate with at least one sensor 134,
transducer 136, audio driver 138, or pre-processor 140. The
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sensor 134 can include, for example, an ambient light sensor,
proximity sensor, temperature sensor, accelerometer, gyro-
scope, motion detector, GPS sensor, location sensor, micro-
phone, or touch sensor. The transducer 136 can include a
speaker or a microphone. The audio driver 138 can provide
a software interface to the hardware transducer 136. The
audio driver can execute the audio file or other instructions
provided by the data processing system 102 to control the
transducer 136 to generate a corresponding acoustic wave or
sound wave. The pre-processor 140 can be configured to
detect a trigger keyword, predetermined hot word, initiation
keyword, or activation keyword. In some cases, the trigger
keyword can include a request to perform an action. In some
cases, the trigger keyword can include predetermined action
keyword to enable or activate the computing device 104, and
the request keywords can follow the trigger keyword or hot
word. The pre-processor 140 can be configured to detect a
keyword and perform an action based on the keyword. The
pre-processor 140 can filter out one or more terms or modify
the terms prior to transmitting the terms to the data process-
ing system 102 for further processing. The pre-processor
140 can convert the analog audio signals detected by the
microphone into a digital audio signal, and transmit one or
more data packets carrying the digital audio signal to the
data processing system 102 via the network 105. In some
cases, the pre-processor 140 can transmit data packets
carrying some or all of the input audio signal responsive to
detecting an instruction to perform such transmission. The
instruction can include, for example, a trigger keyword or
other keyword or approval to transmit data packets com-
prising the input audio signal to the data processing system
102.

[0028] The client computing device 104 can be associated
with an end user that enters voice queries as audio input into
the client computing device 104 (via the sensor 134) and
receives audio output in the form of a computer generated
voice that can be provided from the data processing system
102 (or the developer computing device 106) to the client
computing device 104, output from the transducer 136 (e.g.,
a speaker). The computer generated voice can include
recordings from a real person or computer generated lan-
guage.

[0029] The data processing system 102 can include a
content placement system having at least one computation
resource or server. The data processing system 102 can
include an online application delivery platform configured to
select, deliver or provision applications for execution or
interaction by a computing device 104. The application can
execute on the computing device 104, at least partially on
the computing device 104 and partially on the data process-
ing system 102, or entirely on the data processing system
102 such that input and output of the application are pro-
vided via the computing device 104 but the application
otherwise executes on the data processing system 102. The
application can execute at least partially on the developer
computing device 106.

[0030] The data processing system 102 can include, inter-
face, or otherwise communicate with at least one interface
110. The data processing system 102 can include, interface,
or otherwise communicate with at least one natural language
processor component 112. The data processing system 102
can include, interface, or otherwise communicate with at
least one application intake component 114. The data pro-
cessing system 102 can include, interface, or otherwise



US 2023/0401253 Al

communicate with at least one application delivery compo-
nent 116. The data processing system 102 can include,
interface, or otherwise communicate with at least one data
repository 118. The at least one data repository 118 can
include or store, in one or more data structures or databases,
application package (APK) files 120, index 122, entities
124, performance data 126, or profiles 128.

[0031] An APK file 120 can refer to an application pack-
age kit or application package file or other application-
related file. The data processing system 102 can store, in
data repository 118, APK files for multiple applications. The
data processing system 102 can store one or more APK files
for each application the data processing system 102 is
configured to deliver to computing devices 104. APK files
120 can distribute and install application on a computing
device. APK files 120 can be in a format configured for the
distribution of the application from a data processing system
102 to a computing device 104 for installation on the
computing device 104. An application can have one or more
APK files 120 in one or more formats. For example, a single
application can have an APK file 120 in a first format
configured to distribute the application using a first delivery
platform for installation on a first type of computing device
104; and a second APK file 120 in a second format config-
ured to distribute the application via a second delivery
platform to a second type of computing device 104. The
APK file 120 can include instructions, source code, execut-
able code, machine readable code, scripts, functions,
images, audio files, video files, or configuration files. The
APK file can include instructions (or code) to facilitate
distribution and installation of the application.

[0032] The APK file 120 can be associated with an action-
inventory file. The action-inventory file can be part of the
APK file 120. The action-inventory file can be provided as
part of or with the APK file 120. For example, the developer
of'the application can provide the action-inventory file along
with the APK file 120 for the application. The action-
inventory file can be a separate file and separate from the
APK file 120. The action-inventory file can be associated
with the APK file 120 (e.g., included as part of the APK file
120, having an identifier that matches or corresponds to the
APK file, linked via a reference or uniform resource indi-
cator to the APK file 120, via a pointer, or mapped or linked
to one another in an index). The action-inventory file can
indicate actions the application can perform. The action-
inventory file can indicate the entities on which the appli-
cation can perform the indicated actions. The action-inven-
tory file can include a pointer, URI, URL or reference to
another data source containing information about the entities
on which the application can perform the indicated actions.
The action-inventory file can include deep links to the entity
within the application. The action-inventory file or APK file
can include a pattern used to construct a deep link to the
entity in the application.

[0033] The index 122 stored in data repository 118 can
include a mapping of applications to actions. The index 122
stored in data repository 118 can include a mapping of
applications to entities. The index 122 stored in data reposi-
tory 118 can include a mapping of actions to entities. The
index 122 can include deep links to entities of the applica-
tion to direct the application to the entity or open the entity
upon launching or opening the application. The index 122
can be updated periodically, based on a time interval, or
responsive to other event or condition, such as intake of a
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new application or an updated application or new inventory
(e.g., entities). The data processing system 102 can maintain
the index 122 on the data repository 118 on the data
processing system 102. In some cases, the data processing
system 102 can maintain an index 122 for a computing
device 104 in local memory of the computing device 104,
such as in a local index 122 stored on the computing device
104. The local index 122 can include, for example, infor-
mation about entities that may be available or stored on a
local computing device 104 to which the data processing
system 102 may not have access otherwise, or that the data
processing system 102 can access via the computing device
104.

[0034] The data processing system 102 can store entities
124 or indications of entities 124 in the data repository 118.
An indication of an entity can refer to or include a unique
identifier of the entity. The unique identifier can include, for
example, alphanumeric values, strings, characters, numeric
values, or domain, property and type information. An entity
can be a single person, place or thing, and the repository can
include millions of entities that each have a unique identifier
to distinguish among multiple entities with similar names
(e.g., a Jaguar car versus a jaguar animal). A data processing
system 102 can access a reference entity and scan arbitrary
pieces of text (e.g., text in web pages, text of keywords, text
of content, text of advertisements) to identify entities from
various sources. One such source, for example, may be an
entity graph system 142. The entity graph system 142 can
include a manually created taxonomy of entities such as an
entity graph of people, places and things, built by a com-
munity of users. The data processing system 102 can inter-
face, access, or otherwise communicate with the entity graph
system 142 via network 105.

[0035] The data processing system 102 may use entities to
select applications to perform on action on the entity in
multiple ways. The data processing system 102 can obtain a
classification of a plurality of entities. An entity may be a
single person, place, thing or topic. Each entity has a unique
identifier that may distinguish among multiple entities with
similar names (e.g., a Jaguar car versus a jaguar animal). A
unique identifier (“ID”’) may be a combination of characters,
text, numbers, or symbols. The data processing system may
obtain the classification from an internal or third-party
database via network 105. In one implementation, the enti-
ties may be manually classified by users of a user device
(e.g., computing device 104). For example, users may access
the database of entities via network 105. Users may upload
at least one entity or upload multiple entities in a bulk
upload. Users may classify the uploaded entities, or the
upload may include the classification of at least one entity.
In some implementations, upon receiving an entity, the data
processing system 102 may prompt the user for a classifi-
cation.

[0036] Insomeimplementations, entities can be classified.
Classifications may indicate the manner in which entities are
categorized or structured, e.g., ontology. For example, an
ontological classification may include attributes, aspects,
properties, features, characteristics, or parameters that enti-
ties can have. Ontological classifications may also include
classes, sets, collections, concepts, or types. For example, an
ontology of “vehicle” may include: type-ground vehicle,
ship, air craft; function—to carry persons, to carry freights;
attribute—power, size; component—engine, body; etc. In
some implementations, the manual classification includes



US 2023/0401253 Al

structured data that provides a manually created taxonomy
of entities. Entities may be associated with an entity type,
such as people, places, books, or films, for example. Entity
types may include additional properties, such as date of birth
for a person or latitude and longitude for a location, for
example. Entities may also be associated with domains, such
as a collection of types that share a namespace, which
includes a directory of uniquely named objects (e.g., domain
names on the internet, paths in a uniform resource locator, or
directors in a computer file system). Entities may also
include metadata that describes properties (or paths formed
through the use of multiple properties) in terms of general
relationships.

[0037] The data processing system 102 or an administrator
of the entity graph system 142 may classify an entity based
on a domain, type, and property. For example, a domain may
be American musicians and have an ID “/music”. This
domain may be associated with a music type with ID
“/music/pop music”. This type may include a property for
pop music musician “/music/pop music/musicians”. Each
domain, type, property or other category may include a
description. For example, “/music/pop music” may include
the following description: “Music refers to a vocal or
instrumental sound and pop music can refer to current
commercial popular music.” In some implementations, the
data processing system 102 can scan text or other data of a
document and automatically determine a classification. For
example, the data processing system 102 may scan infor-
mation resources via network 105 for information about
musicians, and classify that information as “/music/pop
music/musicians/female musicians”. The data processing
system 102 may further assign the entity female musicians
a unique identifier that indicates a classification.

[0038] Entities may be classified, at least in part, by one or
more humans (“entity contributors”). This may be referred
to as manual classification. In some implementations, enti-
ties may be classified using crowd sourcing processes.
Crowd sourcing may occur online or offline and may refer
to a process that involves outsourcing tasks to a defined
group of people, distributed group of people, or undefined
group of people. An example of online crowd sourcing may
include an administrator of an entity graph system 142
assigning the task of uploading or classifying entities to an
undefined set of users. Users may add, modify, or delete
classifications online. An example of offline crowd sourcing
may include assigning the task of uploading or classitying
entities to an undefined public not using the network 105.

[0039] Performance data 126 can include, for example,
information about how well an application performs an
action. Performance 126 can include, for example, informa-
tion about how well an application performs an action on an
entity. Performance data 126 can be based on historical
performance or uses. Performance data 126 can be based on
feedback or ratings. Performance data 126 can be in the form
of metrics, such as quality metrics, latency metrics, time
metrics, memory usage metrics, processor usage metrics,
network bandwidth usage. Performance metrics can indicate
the amount of time the application takes to perform the
action, or the amount of time the application takes to launch.
Performance data 126 can indicate a level of efficiency of the
application when performing an action. The action can be an
action identified via the APK file or action-inventory file that
has been indexed or mapped to the application. Performance
metrics can include values (e.g., memory consumption val-
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ues, processor utilization values, or time) or alphanumeric
indicators. Performance metrics can include a scale, grade,
range or spectrum, such as low, medium, high, or a scale of
1 to 10, or a grading system such as A, B, C, D, F. The data
processing system 102 can use the performance metrics to
select or rank applications for delivery.

[0040] Additional performance information 126 can indi-
cate errors or failures associated with an application. For
example, if an application, via an APK file or action-
inventory file, indicates that it can perform a certain type of
action on a certain type of entity, but the application crashes,
fails or has errors when attempting to perform the action on
the entity, then the data processing system 102 can store the
error log in the performance data structure 126 in data
repository 118. The data processing system 102 can deter-
mine that the application may not be configured, capable or
otherwise operational to perform the action on the entity
contrary to what was indicated in the action-inventory file.
Thus, the data processing system 102 can determine to
update the index 122 to remove a mapping or link between
the application and the corresponding action and entity
responsive to determining that the application is unable to
perform the action on the entity to a satisfactory level (e.g.,
crashes, errors, excessive delay, latency, or very low quality
such as sound quality or video resolution). The data pro-
cessing system 102 can provide an indication, notification or
alert to the developer computing device 106 that provided
the application to allow the developer to update the appli-
cation or action-inventory file to resolve or remedy the error.
The data processing system 102 can use the error logs stored
in the performance data structure 126 to determine to block
selection of the application to perform the action on the
entity contrary to the action-inventory file that indicates that
the application is configured to perform the action on the
entity.

[0041] The data repository 118 can store profile informa-
tion 128. Profile information can include or refer to infor-
mation associated with a computing device 104. Profile
information can include or refer to information associated
with an account configured on the computing device 104.
Profile information can indicate a configuration of a com-
puting device 104 or account activated on the computing
device 104. Profile information can indicate which applica-
tions are installed on the computing device 104, or which
applications are available or accessible to the computing
device 104. Profile information can include or indicate
entities that are stored on or accessible to the computing
device 104. Profile information can include or indicate user
preferences for applications, actions, or entities.

[0042] The data processing system 102 can interface,
access, use or otherwise communicate with a search engine
system 146. A search engine 146 can refer to or include a
system that crawls web pages or web sites on the Internet in
order to index the web pages and store the index in a
database. A search engine system 146 can include one or
more programs that searches and identifies items in the
database that correspond to keywords or characters specified
in an input to the search engine.

[0043] The data processing system 102 can interface,
access, use or otherwise communicate with a web server
144. Web servers 144 can host web sites or web pages. Web
servers 144 can host web sites developed by a developer
computing device 106 and published on the Internet. For
example, the developer computing device 106 can markup
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using a structured data tagging scheme a web page to
indicate entities on which the application provided by the
developer computing device 106 can perform an action.
[0044] The interface 110, natural language processor com-
ponent 112, application intake component 114 or application
delivery component 116 can each include at least one
processing unit or other logic device such as programmable
logic array engine, or module configured to communicate
with the database repository or data repository 118. The
interface 110, natural language processor component 112,
application intake component 114, application delivery com-
ponent 116 and data repository 118 can be separate compo-
nents, a single component, or part of the data processing
system 102. The system 100 and its components, such as a
data processing system 102, can include hardware elements,
such as one or more processors, logic devices, or circuits.
[0045] The data processing system 102 can obtain anony-
mous computer network activity information associated
with a plurality of computing devices 104. A user of a
computing device 104 can affirmatively authorize the data
processing system 102 to obtain network activity informa-
tion corresponding to the user’s computing device 104. For
example, the data processing system 102 can prompt the
user of the computing device 104 for consent to obtain one
or more types of network activity information. The identity
of the user of the computing device 104 can remain anony-
mous and the computing device 104 can be associated with
a unique identifier (e.g., a unique identifier for the user or the
computing device provided by the data processing system or
a user of the computing device). The data processing system
can associate each observation with a corresponding unique
identifier.

[0046] The data processing system 102 can include an
interface component 110 designed, configured, constructed,
or operational to receive and transmit information using, for
example, data packets. The interface 110 can receive and
transmit information using one or more protocols, such as a
network protocol. The interface 110 can include a hardware
interface, software interface, wired interface, or wireless
interface. The interface 110 can facilitate translating or
formatting data from one format to another format. For
example, the interface 110 can include an application pro-
gramming interface that includes definitions for communi-
cating between various components, such as software com-
ponents.

[0047] The data processing system 102 can include an
application intake component 114 designed, constructed,
configured, or operational to receive an application package
file and an associated action-inventory file, and process the
action-inventory file to identify one or more electronic
actions the mobile application performs and a corresponding
one or more entities on which the application performs the
electronic action. The application intake component 114 can
provide a user interface, graphical user interface, or other
mechanism by which a developer computing device 106 can
transfer the application package file and an associated
action-inventory file. For example, the developer computing
device 106 can upload the application package file via an
interface 110 of the data processing system 102. The data
processing system 102 can retrieve the application package
file from a location on the developer computing device 106.
[0048] The data processing system 102 can receive mul-
tiple application files from multiple developer computing
devices 106. The application package files can include
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instructions to distribute and install the applications on
computing devices 104. The instructions can include or refer
to software code, an executable file, programs, scripts, or
functions. The application package file can further provide
criteria or system requirements that are to be met in order for
the application to execute on a computing device 104. For
example, the application package file can specify compat-
ibility information such as a type of operating system, type
of computing device, required interfaces (e.g., keyboard,
mouse, touch screen, sensors, display, speaker, microphone),
processor requirements, storage requirements, or memory
requirements. The application delivery component 116 can
use the compatibility information select an application to
deliver to the computing device 104.

[0049] Each application package file can be associated
with an action-inventory file. The action-inventory file can
indicate the types of actions the application is configured to
perform. Actions can be referred to as electronic actions as
they are performed by a program executed on a computing
device. Actions can include, for example, playing audio,
play video, multimedia, providing recipes providing news,
providing weather information, ordering a ride sharing ser-
vice, e-commerce, purchasing tickets, etc.

[0050] The action-inventory file can further indicate enti-
ties on which the application is configured to perform an
action. The set of entities can be referred to as an inventory
of the application. The action-inventory file can be a data
file, text file, comma delimited file, table, data structure or
any other file or be in any format configured to indicate the
action and inventory information. The action-inventory file
format can an extensible markup language XML file, such as
a metalanguage which allows users to define their own
customized markup languages.

[0051] The action-inventory file can include a pointer to a
list of entities. The action-inventory file can include a
uniform resource locator to a web page established via a
developer computing device, and the data processing system
102 can determine an inventory of entities from the web
page of the developer computing device. The action-inven-
tory file can include a reference, pointer, URL or other
indication to a list of entities. For example, the action-
inventory file may not itself store the list of entities on which
the application is configured to perform the one or more
actions, but may include a link to a web page or web site or
other data file separate from or stored remotely from the
action-inventory file. For example, the action-inventory file
can include a set of actions, but then include a URL to a web
page that indicates entities on which the application can
perform the action. For example, the action can be “play
music”, and the inventory of entities (e.g., song catalog) can
be stored on a web page (e.g., hosted by web server 144). By
storing the inventory of entities on a web page, the developer
computing device 106 can update the inventory list without
having to provide a new action-inventory file or application
package file to the data processing system 102, thereby
reducing the number of times the application intake process
is performed by the data processing system 102, which can
reduce processor utilization by the data processing system
102.

[0052] The data processing system 102 can parse or pro-
cess the action-inventory file to identify a link or reference
to a web page. The web page can contain structured data.
Structured data can refer to a web page with additional
markup to the HTML page to allow bots, spiders or web
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crawlers to better understand information on the web page.
The data processing system 102 (e.g., via the application
intake component 114) can parse or process the structured
data of the web page to identify an inventory of entities that
the developer indicates are available to the application and
the application can use to perform the action. The structured
data can indicate information about the entities, such as a
unique identifier of the entity (e.g., a domain, property and
type), an alphanumeric identifier of the entity, a description
of the entity, keywords associated with the entity, or other
information.

[0053] The data processing system 102 can leverage the
structured data on the web page to identify an entity, and
further leverage the entity graph system 142 to identify
additional information about the entity. For example, the
data processing system 102 can parse the structured data to
identify the entity, and then access the entity graph system
142 to obtain additional information about the entity. The
structured data on the web page may include a unique
identifier of the entity, which the data processing system 102
can use to identify, via the entity graph system 142, addi-
tional entities associated with the identified entity. For
example, the entity “Artist_A” can be identified from the
web page, however the data processing system 102 can
query the entity graph system 142 to identify albums, songs,
concerts, tickets, or bands associated with “Artist_ A”.
[0054] In some cases, the web page may not provide the
unique identifier of the entity, in which case the data
processing system 102 can process the web page to identify
a keyword or a candidate entity, and then query the entity
graph system 142 to determine the unique entity identifier
along with information associated with the entity. For
example, the web page may not include or lack a structured
inventory of entities. The data processing system 102 can
determine the web page lacks the structured inventory of
entities based on determining that a structured identifier
pattern is absent from the web page. The data processing
system 102 can then determine that the web page contains
information that is not structured, and then leverage the
entity graph system 142 to determine what entities are
available on the web page by querying the entity graph
system 142 with keywords or terms identified on the web
page to determine a corresponding entity in the entity graph
system 142. The data processing system 102 can combine or
consolidate unstructured data on a web page with structured
data of an entity graph system 142 to identify an entity and
associated entities. Thus, the data processing system 102 can
process action-inventory file, structured data from a web
page, or unstructured data from a web page identified in the
action-inventory file to identify an inventory of entities for
the application as well as actions the application is config-
ured to perform or execute.

[0055] The data processing system 102 can store, in index
122, the inventory of entities of the application along with
actions the application can perform on the entities. The
index 122 can include an identifier of the application, such
as a unique application identifier (e.g., alphanumeric iden-
tifier). The index 122 can associate the application identifier
with an action and corresponding entities or inventory of
entities. The application can be configured to perform one or
more actions on one or more entities.

[0056] Thus, the data processing system 102 can receive,
for an application, the action-inventory file including a
uniform resource locator to web page having a structured
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markup of entities. The data processing system 102 can
access the web page via the uniform resource locator, and
then parse the web page with the structured markup of
entities to identify an inventory of entities. The data pro-
cessing system 102 can associate, in a database, the inven-
tory of entities with the at least one of the plurality of
applications.

[0057] The application intake component 114 can perform
a validation or error checking process to validate or deter-
mine whether the application can perform the actions on the
entities. For example, the data processing system 102 can
select an action and an entity and instruct the application to
perform the action on the entity. If the application fails,
crashes, has a delay, utilizes excessive memory, storage or
processing, the data processing system 102 can determine
that the application is not configured to perform the action
on the entity or fails a quality check process. The data
processing system 102 can disable the action or the entity for
the application responsive to failure of the quality check
process. The data processing system 102 can disable the
application entirely for subsequent delivery. The data pro-
cessing system 102 can remove (or block the addition of) the
association between the application and the action or the
entity in the index 122. The data processing system 102 can
notify the developer computing device 106 of the error to
allow the developer to remedy or resolve the error.

[0058] The data processing system 102 can include an
application, script or program installed at the client com-
puting device 104, such as an app to communicate input
audio signals to the interface 110 of the data processing
system 102 and to drive components of the client computing
device to render output audio signals. The data processing
system 102 can receive data packets or other signal that
includes or identifies an audio input signal. For example, the
data processing system 102 can execute or run the NLP
component 112 to receive or obtain the audio signal and
parse the audio signal. For example, the NLP component 112
can provide for interactions between a human and a com-
puter. The NLP component 112 can be configured with
techniques for understanding natural language and allowing
the data processing system 102 to derive meaning from
human or natural language input. The NLP component 112
can include or be configured with technique based on
machine learning, such as statistical machine learning. The
NLP component 112 can utilize decision trees, statistical
models, or probabilistic models to parse the input audio
signal. The NLP component 112 can perform, for example,
functions such as named entity recognition (e.g., given a
stream of text, determine which items in the text map to
proper names, such as people or places, and what the type of
each such name is, such as person, location, or organization),
natural language generation (e.g., convert information from
computer databases or semantic intents into understandable
human language), natural language understanding (e.g., con-
vert text into more formal representations such as first-order
logic structures that a computer module can manipulate),
machine translation (e.g., automatically translate text from
one human language to another), morphological segmenta-
tion (e.g., separating words into individual morphemes and
identify the class of the morphemes, which can be challeng-
ing based on the complexity of the morphology or structure
of the words of the language being considered), question
answering (e.g., determining an answer to a human-lan-
guage question, which can be specific or open-ended),
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semantic processing (e.g., processing that can occur after
identifying a word and encoding its meaning in order to
relate the identified word to other words with similar mean-
ings).

[0059] The NLP component 112 converts the audio input
signal into recognized text by comparing the input signal
against a stored, representative set of audio waveforms (e.g.,
in the data repository 118) and choosing the closest matches.
The set of audio waveforms can be stored in data repository
118 or other database accessible to the data processing
system 102. The representative waveforms are generated
across a large set of users, and then may be augmented with
speech samples from the user. After the audio signal is
converted into recognized text, the NLP component 112
matches the text to words that are associated, for example
via training across users or through manual specification,
with actions that the data processing system 102 can serve.

[0060] The audio input signal can be detected by the
sensor 134 or transducer 136 (e.g., a microphone) of the
client computing device 104. Via the transducer 136, the
audio driver 138, or other components the client computing
device 104 can provide the audio input signal to the data
processing system 102 (e.g., via the network 105) where it
can be received (e.g., by the interface 110) and provided to
the NLP component 112 or stored in the data repository 118.

[0061] The NLP component 112 can obtain the input audio
signal. From the input audio signal, the NLP component 112
can identify at least one request or at least one trigger
keyword corresponding to the request. The request can
indicate intent or subject matter of the input audio signal.
The trigger keyword can indicate a type of action likely to
be taken. For example, the NLP component 112 can parse
the input audio signal to identify at least one request to leave
home for the evening to attend dinner and a movie. The
trigger keyword can include at least one word, phrase, root
or partial word, or derivative indicating an action to be
taken. For example, the trigger keyword “go” or “to go t0”
from the input audio signal can indicate a need for transport.
In this example, the input audio signal (or the identified
request) does not directly express an intent for transport,
however the trigger keyword indicates that transport is an
ancillary action to at least one other action that is indicated
by the request.

[0062] The NLP component 112 can parse the input audio
signal to identify, determine, retrieve, or otherwise obtain
the request and the trigger keyword. For instance, the NLP
component 112 can apply a semantic processing technique
to the input audio signal to identify the trigger keyword or
the request. The NLP component 112 can apply the semantic
processing technique to the input audio signal to identify a
trigger phrase that includes one or more trigger keywords,
such as a first trigger keyword and a second trigger keyword.
For example, the input audio signal can include the sentence
“I need someone to do my laundry and my dry cleaning.”
The NLP component 112 can apply a semantic processing
technique, or other natural language processing technique, to
the data packets comprising the sentence to identify trigger
phrases “do my laundry” and “do my dry cleaning”. The
NLP component 112 can further identify multiple trigger
keywords, such as laundry, and dry cleaning. For example,
the NLP component 112 can determine that the trigger
phrase includes the trigger keyword and a second trigger
keyword.
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[0063] The NLP component 112 can identify search que-
ries or trigger phrases corresponding to performing a search
or other request for information. The NLP component 112
can determine that the input audio signal corresponds to a
request for information about a topic, event, current event,
news event, dictionary definition, historical event, person,
place or thing. For example, the NLP component 112 can
determine that the input audio signal corresponds to a search
query for information about a historical event, such as
“When did the American Revolution take place?”

[0064] The NLP component 112 can filter the input audio
signal to identify the keywords, search query, or trigger
keyword. For example, the data packets carrying the input
audio signal can include “It would be great if 1 could get
someone that could help me go to the airport™, in which case
the NLP component 112 can filter out one or more terms as
follows: “it”, “would”, “be”, “great”, “if’, “I”, “could”,
“get”, “someone”, “that”, “could”, or “help”. By filtering out
these terms, the NLP component 112 may more accurately
and reliably identify the trigger keywords, such as “go to the
airport” and determine that this is a request for a taxi or a
ride sharing service.

[0065] In another example, the data packets carrying the
input audio signal can include “Can you please play song123
by Artist_A”, in which case the NLP component 112 can
filter out one or more terms as follows: “can”, “you”,
“please”. By filtering out these terms, the NLP component
112 may more accurately and reliably identify the trigger
keywords, the intent, the action, and the entity. For example,
the intent can be to play music, the action can be “play” and
the entity can be “songl123 by Artist_A.” Thus, the natural
language processing component 112 can determine the
intent by parsing and analyzing the input audio signal or data
packets carrying the input audio signal in order to determine
the action and the entity on which to perform the action. The
data processing system 102 can identify the entity from the
input audio signal based on a graph database provided by an
entity graph system 142 comprising a hierarchical taxonomy
of entities each having a unique identifier formed of a
domain, type and property.

[0066] In another example, the data packets carrying the
input audio signal can include “Can Application_A please
play songl123 by Artist_A”, in which case the NLP compo-
nent 112 can filter out one or more terms as follows: “can”
and “please”. By filtering out these terms, the NLP compo-
nent 112 may more accurately and reliably identify the
trigger keywords, the intent, the action, the entity, and the
request application. For example, the intent can be to play
music, the action can be “play”, the entity can be “song123
by Artist_A”, and the application the user is requesting to
perform the action on the entity can be “Application A”.
Thus, the natural language processing component 112 can
determine the intent by parsing and analyzing the input
audio signal or data packets carrying the input audio signal
in order to determine application to perform the action, and
the entity on which the application is to perform the action.
[0067] Thus, the data processing system 102 (e.g., via the
interface 110 and natural language processor component
112) can receive data packets including an input audio signal
detected by a sensor of a client device, and then parse the
input audio signal to identify an action and an entity on
which to perform the action. The data processing system 102
can identify an intent, which can be formed of, or based on,
the action and the entity. The input audio signal can indicate
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the application to perform the action on the entity, and the
data processing system 102 can identify the application from
the input audio signal.

[0068] The data processing system 102 can include,
execute, or otherwise communicate with an application
delivery component 116 to identify an application that can
execute the action and the entity identified from the input
audio signal, and then provide an indication to the client
device or otherwise cause the application to execute the
action on the entity. For example, the application delivery
component 116 can identify a first one or more applications
configured to perform the action identified from the input
audio signal, a second one or more applications of the
plurality of applications configured with access to the entity
identified from the input audio signal, and select, from the
first one or more applications and the second one or more
applications, an application configured to perform the action
and access the entity identified from the input audio signal.
The data processing system 102 can then provide, to the
client device, an indication of the application selected by the
data processing system to cause the client device to initiate
execution of the application to perform the action using the
entity identified in the input audio signal.

[0069] The application delivery component 116 can per-
form the selection in real-time. The real-time selection
process can be performed (e.g., initiated or completed)
within a time interval of receiving the request (e.g., 1
second, 2 seconds, 5 seconds, 10 seconds, 20 seconds, 30
seconds, 1 minute, 2 minutes, 3 minutes, 5 minutes, 10
minutes, or 20 minutes). The real-time content selection
process can be performed during a communication session
with the client computing device 104, or within a time
interval after the communication session is terminated.
[0070] To select an application to execute the action on the
entity, the data processing system 102 can identify applica-
tions that are configured to perform the action. The data
processing system 102 can identify the applications that can
perform the action using one or more system or technique.
For example, the data processing system 102 can perform a
lookup in the index 122 to identify applications that are
associated with the action identified from the input audio
signal. The data processing system 102 can determine,
responsive to the lookup in the index 122, unique application
identifiers.

[0071] The data processing system 102 can input a query
into the search engine 146 to identify applications. For
example, the data processing system 102 can input the action
into a search engine 146. The data processing system 102
can construct or generate a query based on the action to
identify applications. For example, the query can be “what
applications can perform <action>?" or “what applications
can perform <action>on<entity>?" or “identify applications
that can perform <action>on<computing device type>". The
data processing system 102 can receive the results of the
search. The data processing system 102 can process the
results to identify one or more applications that can perform
the action.

[0072] Thus, the data processing system 102 can identify
the action using structured data stored in the index 122, as
well as unstructured web search results from the search
engine 146 to identify one or more applications that are
configured to perform the action. The data processing sys-
tem 102 can consolidate the results into a first set of
applications that are configured to perform the action.
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[0073] The data processing system 102 can further iden-
tify which applications are configured to perform the action
on the entity. The data processing system 102 can perform
a lookup in index 122 using the entity identifier to determine
which applications are associated with the entity. The data
processing system 102 can input a query into a search engine
to determine which applications can access the entity. For
example, the data processing system 102 can construct a
query such as “what applications have <entity>?".

[0074] In some cases, the data processing system 102 can
execute or perform a single lookup or search to identify
applications that perform the action on the entity, while in
some cases the data processing system 102 can first identify
applications that perform the action, and then identify appli-
cations that have access to the entity, and then identify which
applications are in both sets of results. For example, the data
processing system 102 can construct a query such as “what
applications can perform <action>on<entity>?"

[0075] Thus, the data processing system 102 can execute
a web search via a search engine 146 based on at least one
of the action and the entity identified from the input audio
signal, identify at least one of the first one or more appli-
cations or the second one or more applications based on
results of the web search output by the search engine. The
data processing system can identify the entity from the input
audio signal based on a graph database provided by an entity
graph system 142 including a hierarchical taxonomy of
entities each having a unique identifier formed of a domain,
type and property. The data processing system 102 can
identify the first one or more applications or the second one
or more applications based on a web search using the entity
identified from the entity graph system 142. In some cases,
the data processing system 102 can identify a set of actions
configured for the entity using the index 122. The data
processing system can identify the second one or more
applications based on the set of actions configured for the
entity.

[0076] The data processing system 102 can identify a first
set of applications that are configured to perform the action,
and a second set of applications that are configured to access
the entity. The second set of applications can be identified
independently from the process used to identify the first set
of applications. For example, to reduce latency and delays
due to computing processes, the data processing system 102
can execute multiple processes or queries in parallel. The
data processing system 102 can identify the first set of
applications that are configured to perform the action and in
a parallel or overlapping process identify a second set of
applications that are configured to access the entity.

[0077] In some cases, the data processing system 102 can
identify the first set of applications and the second set of
applications serially. For example, the data processing sys-
tem 102 can identify the first set of applications that are
configured to perform the action, and then identify, from the
first set of applications, which of the first set of applications
have access to the entity in order to generate the set of
applications that can perform the action on the entity. The
data processing system 102 can reduce memory or storage
utilization by performing the second search or process
related to the entities on the first set of applications, which
can be a subset of all available applications.

[0078] In some cases, the data processing system 102 can
perform a single process or query to identify applications
that are configured to perform the action on the entity. For
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example, the data processing system can perform a lookup
with multiple values (e.g., action and entity) or input a
search query into search engine with multiple requests.
[0079] The data processing system 102 can consolidate
results obtained from performing a lookup in the index 122
with results from the search engine 146. The data processing
system 102 can validate the results from the search engine
146 by confirming whether the application can perform the
action on the entity.

[0080] If the data processing system 102 identifies mul-
tiple applications that can perform the action on the entity,
the data processing system 102 can provide an indication of
the multiple applications to the computing device 104 to
allow a user of the computing device 104 to select one of the
applications. If the data processing system 102 identifies
multiple applications that can perform the action on the
entity, the data processing system 102 can rank the multiple
application to suggest one or more of the applications. For
example, the data processing system 102 can execute a web
search via a search engine 146 based on at least one of the
action and the entity identified from the input audio signal to
identify a second plurality of applications. The data pro-
cessing system 102 can then rank each of the second
plurality of applications, score each of the second plurality
of applications based on performance feedback associated
with the action, or score each of the second plurality of
applications based on historical preference information. The
data processing system 102 can select a highest ranking or
scoring application from the second plurality of application
as the application for which to provide the indication to the
client device.

[0081] The data processing system 102 can rank the
multiple applications using various criteria. For example, the
data processing system 102 can use performance informa-
tion stored in the performance data structure 126 to rank the
applications. The data processing system 102 can score each
application based on the performance metrics. For example,
the data processing system 102 can assign the highest
performing application with the highest rank, the second
highest performing application with the second highest rank,
and so on.

[0082] For example, the data processing system 102 can
determine that an application is the highest performing
application based on feedback or ratings associated with the
application, or performance metrics (e.g., least latency,
fastest launch time, least memory or process or bandwidth
utilization). If the data processing system 102 determines
that the application performance is below a threshold (e.g.,
feedback rating or other performance metrics), the data
processing system 102 can remove the application and
determine not to suggest the application or include the
application in the ranking. In some cases, the data process-
ing system 102 can determine to provide or suggest only the
top N ranking applications (e.g., the top 3 ranking applica-
tion, top 2 applications, or top 5 applications).

[0083] The data processing system 102 can determine
which applications are installed on the computing device
104. The data processing system 102 can rank the applica-
tions based on which applications are already installed on
the computing device 104, thereby avoiding the need for the
computing device 104 to download and install a new appli-
cation. Thus, the top ranking applications from the identified
set of applications can be the applications that are already
installed on the computing device 104. If no applications
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from the identified set of applications are installed on the
computing device 104, then the data processing system 102
can proceed to rank the applications based on performance,
and then provide an indication to the computing device 104
to install an application from the ranked list in order to
execute the action on the entity.

[0084] If the input audio signal includes an indication of
the application, the data processing system 102 identify,
from the input audio signal, the application and select the
application based on the first one or more applications, the
second one or more applications, and the input audio signal.
For example, the data processing system 102 can determine
whether the application identified in the input audio signal is
included among the set of application identified by the data
processing system 102 that are configured to perform the
action on the entity, and then, upon identifying the match,
select the application for execution.

[0085] FIG. 2 is an illustration of an operation 200 of the
system 100 to consolidate disparate data source queries. The
system can include one or more component of system 100
depicted in FIG. 1, including, for example, a computing
device 104 and a data processing system 102. At 205, the
data processing system 102 can receive the input audio
signal detected by the computing device 104. The data
processing system 102 can receive data packets comprising
the input audio signal or indications of the input audio
signal. The data processing system 102 can receive pre-
processed terms, keywords, or phrases from the input audio
signal. The data processing system 102 can receive a filtered
version of the input audios signal.

[0086] At 210, the data processing system 102 can parse
the received input audio signal (or received pre-processed or
filtered version of the input audio signal). The data process-
ing system 102 can parse the received data to identify an
action and an entity in the input audio signal. The data
processing system can use one or more processing tech-
niques, machine learning, or natural language processing
techniques to parse the data corresponding to the input audio
signal. The data processing system 102 can parse the data to
identify an action and an entity. The action can be performed
on the entity. In some cases, the input audio signal can also
include an indication of an application to use to perform the
action on the entity.

[0087] The data processing system 102, to identify the
action or entity, can query multiple data sources or data-
bases. The multiple databases or data sources can be differ-
ent, separate from one another, in different formats, contain
different types of data (e.g., structured versus unstructured
data) or other be disparate data sources. At 215, the data
processing system can transmit multiple queries to the
multiple databases or data sources including, for example,
an entity graph system 142, web server 144, search engine
system 146, or index 122.

[0088] For example, the data processing system 102 can
query the entity graph system 142 with keywords or terms
parsed from the input audio signal at 210 in order to
determine a corresponding entity. The data processing sys-
tem 102 can query the entity graph system 142 with a unique
identifier of an entity in order to determine additional
information about the entity or identify entities associated
with the entity.

[0089] The data processing system 102 can query the web
server 144 responsive to identifying, in the index 122, a
pointer to a web page with a list of entities or an inventory
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of entities. For example, the data processing system 102 can
identify an action in the input audio signal, perform a lookup
in the index 122 to identify an application configured to
perform the action. The data processing system 102 can then
identify the action-inventory file associated with the APK
file of the application. The action-inventory file can include
a pointer or reference to a web page hosted by web server
144 that includes or indicates an inventory of entities for
which the application can perform the action. Thus, the data
processing system 102 can crawl or parse the web page to
identify the inventory of entities.

[0090] The data processing system 102 can query a search
engine 146 to identify applications. The data processing
system 102 can construct a search query to identify appli-
cation that can perform the action determined at 210 by
parsing the input audio signal. The data processing system
can construct a search query to identify an application that
can perform the action on the entity determined at 210 by
parsing the input audio signal.

[0091] At 215, the data processing system 102 can receive
responses to the multiple queries transmitted to the multiple
databases, systems or data sources. At 220, the data pro-
cessing system can consolidate the responses to generate,
identify or determine one or more applications that are
configured to perform the action on the entity requested or
indicated in the input audio signal. Consolidating the
responses can refer to or include identifying a first set of
applications that are configured to perform the action, a
second set of applications that are configured to access the
entity, and a final set of applications that are included in both
the first and second sets that are configured to perform the
action on the entity.

[0092] Consolidating the responses can refer to or include
generating additional queries based on responses. For
example, the data processing system 102 can query the index
122 to perform a lookup using the action to identify a set of
applications. The data processing system 102 can also query
the search engine 146 using the action to identify applica-
tions via a search engine results page. Thus, the data
processing system 102 can query two different databases,
data sources or systems in order to identify applications that
can perform the action. The data processing system 102 can
determine, via the search engine 146, that the top ranking
applications that perform the action are Application_A and
Application_B. The data processing system 102 can deter-
mine, via a lookup in the index 122, that there are twenty
different applications that indicate, via respective action-
inventory files, that they are configured to perform the
action. The data processing system 102 can determine to
rank, score or weight the Application_A and Application_B
higher based on the search engine results from search engine
146.

[0093] In another example of consolidating queries, the
data processing system 102 can query the index 122 with the
action and entity to identify applications that can perform
the action on the entity. The data processing system 102 can
also identify, via the lookup, a pointer to a web page hosted
by web server 144. The data processing system 102 can then
access the web page on the web server 144 to crawl the web
page to identify entities listed on the web page and generate
an inventory of entities for the application. The data pro-
cessing system 102 can consolidate the list of entities
determine from the web page along with the entities asso-
ciated with the application in the index 122. The data
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processing system 102 can update the index 122 to include
entities obtained from parsing the web page.

[0094] By consolidating the responses to the queries from
disparate data sources (e.g., different types of data sources
with different types of data), the data processing system 102
can identify one or more applications that are configured to
perform the action on the entity requested in the input audio
signal. At 225, the data processing system 102 can select an
application to perform the action on the entity. The data
processing 102 can select one or more applications to
suggest for performing the action on the entity. The data
processing system 102 can select the application based on
ranking the identified applications or scoring the identified
applications. For example, the data processing system 102
can rank or score applications based on performance infor-
mation, preference information, search engine 146 results,
feedback, or other factors such as which applications are
already installed on the computing device 104.

[0095] At 230, the data processing system can transmit an
indication of the selected application to the computing
device 104. In some cases, the data processing system 102
can transmit the indication including a command or instruc-
tion to cause the computing device to execute the application
to perform the action on the entity (e.g., launch Applica-
tion_A to play song titled “Song A”) at 235. In some cases,
the data processing system 102 can transmit an indication
including multiple suggest application that the computing
device 104 can present to a user (e.g., via a display or audio
interface), and then the use can select an application to
launch or execute on the computing device 104 at 235.
[0096] In some cases, the indication can include a deep
link to the entity within the application. Selecting the deep
link can cause the application to launch and direct the
application to open or execute the entity within the appli-
cation.

[0097] FIG. 3 is an illustration of an example method for
consolidating disparate data sources. The method 300 can be
performed by one or more component, system or element of
system 100, 200 or system 400. The method 300 can include
receiving and processing application package files at 305.
The data processing system can receive the application
package files from a plurality of developer computing
devices. The application package files can include instruc-
tions to distribute and install a plurality of applications on a
plurality of computing devices. Each of the application
package files can be associated with an action-inventory file.
The data processing system can process the action-inventory
file to identify one or more electronic actions the application
performs and corresponding one or more entities on which
the application performs the one or more electronic actions.
[0098] At 310, the data processing system can receive and
parse an input audio signal. The data processing system can
receive, via an interface of the data processing system, data
packets corresponding to the input audio signal detected by
a sensor of a client device. The data processing system can
parse (e.g., via a natural language processing technique) the
input audio signal to identify an action and an entity on
which to perform the action.

[0099] At 315, the data processing system can identify one
or more applications based on the action and entity. The data
processing system can identify a first one or more applica-
tions configured to perform the action identified from the
input audio signal. The data processing system can identify,
based on the action-inventory file, a second one or more
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applications of the plurality of applications that can access
the entity identified from the input audio signal. At 320, the
data processing system can select, from the first one or more
applications and the second one or more applications, an
application configured to perform the action and access the
entity identified from the input audio signal (e.g., based on
a ranking or scoring process).

[0100] At 325, the data processing system can provide an
indication of the selected application. The data processing
system can provide, to the client device, an indication of the
application selected by the data processing system to cause
the client device to initiate execution of the application to
perform the action using the entity identified in the input
audio signal. The indication can include a deep link to the
entity of the application to cause the client computing device
to execute or launch the deep link to open the application
directly to a view or portion of the application containing the
entity.

[0101] FIG. 4 is a block diagram of an example computer
system 400. The computer system or computing device 400
can include or be used to implement the system 100, or its
components such as the data processing system 102. The
computing system 400 includes a bus 405 or other commu-
nication component for communicating information and a
processor 410 or processing circuit coupled to the bus 405
for processing information. The computing system 400 can
also include one or more processors 410 or processing
circuits coupled to the bus for processing information. The
computing system 400 also includes main memory 415,
such as a random access memory (RAM) or other dynamic
storage device, coupled to the bus 405 for storing informa-
tion, and instructions to be executed by the processor 410.
The main memory 415 can be or include the data repository
118. The main memory 415 can also be used for storing
position information, temporary variables, or other interme-
diate information during execution of instructions by the
processor 410. The computing system 400 may further
include a read only memory (ROM) 420 or other static
storage device coupled to the bus 405 for storing static
information and instructions for the processor 410. A storage
device 425, such as a solid state device, magnetic disk or
optical disk, can be coupled to the bus 405 to persistently
store information and instructions. The storage device 425
can include or be part of the data repository 118.

[0102] The computing system 400 may be coupled via the
bus 405 to a display 435, such as a liquid crystal display, or
active matrix display, for displaying information to a user.
An input device 430, such as a keyboard including alpha-
numeric and other keys, may be coupled to the bus 405 for
communicating information and command selections to the
processor 410. The input device 430 can include a touch
screen display 435. The input device 430 can also include a
cursor control, such as a mouse, a trackball, or cursor
direction keys, for communicating direction information and
command selections to the processor 410 and for controlling
cursor movement on the display 435. The display 435 can be
part of the data processing system 102, the client computing
device 104 or other component of FIG. 1, for example.
[0103] The processes, systems and methods described
herein can be implemented by the computing system 400 in
response to the processor 410 executing an arrangement of
instructions contained in main memory 415. Such instruc-
tions can be read into main memory 415 from another
computer-readable medium, such as the storage device 425.
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Execution of the arrangement of instructions contained in
main memory 415 causes the computing system 400 to
perform the illustrative processes described herein. One or
more processors in a multi-processing arrangement may also
be employed to execute the instructions contained in main
memory 415. Hard-wired circuitry can be used in place of or
in combination with software instructions together with the
systems and methods described herein. Systems and meth-
ods described herein are not limited to any specific combi-
nation of hardware circuitry and software.

[0104] Although an example computing system has been
described in FIG. 4, the subject matter including the opera-
tions described in this specification can be implemented in
other types of digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures
disclosed in this specification and their structural equiva-
lents, or in combinations of one or more of them.

[0105] For situations in which the systems discussed
herein collect personal information about users, or may
make use of personal information, the users may be provided
with an opportunity to control whether programs or features
that may collect personal information (e.g., information
about a user’s social network, social actions or activities, a
user’s preferences, or a user’s location), or to control
whether or how to receive content from a content server or
other data processing system that may be more relevant to
the user. In addition, certain data may be anonymized in one
or more ways before it is stored or used, so that personally
identifiable information is removed when generating param-
eters. For example, a user’s identity may be anonymized so
that no personally identifiable information can be deter-
mined for the user, or a user’s geographic location may be
generalized where location information is obtained (such as
to a city, postal code, or state level), so that a particular
location of a user cannot be determined. Thus, the user may
have control over how information is collected about him or
her and used by the content server.

[0106] The subject matter and the operations described in
this specification can be implemented 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. The subject matter described in this specifi-
cation can be implemented as one or more computer pro-
grams, e.g., one or more circuits of computer program
instructions, encoded on one or more computer storage
media for execution by, or to control the operation of, data
processing apparatuses. Alternatively or in addition, the
program instructions can be encoded on an artificially gen-
erated propagated signal, e.g., a machine-generated electri-
cal, optical, or electromagnetic 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 stor-
age substrate, a random or serial access memory array or
device, or a combination of one or more of them. 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. The computer storage medium
can also be, or be included in, one or more separate
components or media (e.g., multiple CDs, disks, or other
storage devices). The operations described in this specifica-
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tion can be implemented as operations performed by a data
processing apparatus on data stored on one or more com-
puter-readable storage devices or received from other
sources.

[0107] The terms “data processing system” “computing
device” “component” or “data processing apparatus”
encompass various apparatuses, devices, and machines for
processing data, including by way of example a program-
mable processor, a computer, a system on a chip, or multiple
ones, or combinations of the foregoing. The apparatus can
include special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) or an ASIC (application specific
integrated circuit). The apparatus can also include, in addi-
tion to hardware, code that creates an execution environment
for the computer program in question, e.g., code that con-
stitutes processor firmware, a protocol stack, a database
management 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 environ-
ment can realize various different computing model infra-
structures, such as web services, distributed computing and
grid computing infrastructures. The application intake com-
ponent 114, application delivery component 116, or NLP
component 112 and other data processing system 102 com-
ponents can include or share one or more data processing
apparatuses, systems, computing devices, or processors.
[0108] A computer program (also known as a program,
software, software application, app, script, or code) can be
written in any form of programming language, including
compiled or interpreted languages, declarative or procedural
languages, and 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 envi-
ronment. A computer program can correspond to a file in a
file system. A computer 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 net-
work.

[0109] The processes and logic flows described in this
specification can be performed by one or more program-
mable processors executing one or more computer programs
(e.g., components of the data processing system 102) to
perform actions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatuses can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit). 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.

[0110] The subject matter described herein can be imple-
mented in a computing system that includes a back end
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component, e.g., as a data server, or that includes a middle-
ware 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 subject
matter described in this specification, or a combination of
one or more such back end, middleware, or front end
components. The components of the system can be inter-
connected by any form or medium of digital data commu-
nication, e.g., a communication network. Examples of com-
munication networks include a local area network (“LLAN”)
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).

[0111] The computing system such as system 100 or
system 400 can include clients and servers. A client and
server are generally remote from each other and typically
interact through a communication network (e.g., the network
105). 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., data packets
representing a digital component) 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 device at the server (e.g., received
by the data processing system 102 from the computing
device 104 or the developer computing device 106).
[0112] While operations are depicted in the drawings in a
particular order, such operations are not required to be
performed in the particular order shown or in sequential
order, and all illustrated operations are not required to be
performed. Actions described herein can be performed in a
different order.

[0113] The separation of various system components does
not require separation in all implementations, and the
described program components can be included in a single
hardware or software product. For example, the NLP com-
ponent 112 or the application delivery component 116, can
be a single component, app, or program, or a logic device
having one or more processing circuits, or part of one or
more servers of the data processing system 102.

[0114] Having now described some illustrative implemen-
tations, it is apparent that the foregoing is illustrative and not
limiting, having been presented by way of example. In
particular, although many of the examples presented herein
involve specific combinations of method acts or system
elements, those acts and those elements may be combined in
other ways to accomplish the same objectives. Acts, ele-
ments and features discussed in connection with one imple-
mentation are not intended to be excluded from a similar role
in other implementations or implementations.

[0115] The phraseology and terminology used herein is for
the purpose of description and should not be regarded as
limiting. The use of “including” “comprising” “having”
“containing” “involving” “characterized by” “characterized
in that” and variations thereof herein, is meant to encompass
the items listed thereafter, equivalents thereof, and addi-
tional items, as well as alternate implementations consisting
of the items listed thereafter exclusively. In one implemen-
tation, the systems and methods described herein consist of
one, each combination of more than one, or all of the
described elements, acts, or components.
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[0116] Any references to implementations or elements or
acts of the systems and methods herein referred to in the
singular may also embrace implementations including a
plurality of these elements, and any references in plural to
any implementation or element or act herein may also
embrace implementations including only a single element.
References in the singular or plural form are not intended to
limit the presently disclosed systems or methods, their
components, acts, or elements to single or plural configu-
rations. References to any act or element being based on any
information, act or element may include implementations
where the act or element is based at least in part on any
information, act, or element.

[0117] Any implementation disclosed herein may be com-
bined with any other implementation or embodiment, and
references to “an implementation,” “some implementa-
tions,” “one implementation” or the like are not necessarily
mutually exclusive and are intended to indicate that a
particular feature, structure, or characteristic described in
connection with the implementation may be included in at
least one implementation or embodiment. Such terms as
used herein are not necessarily all referring to the same
implementation. Any implementation may be combined
with any other implementation, inclusively or exclusively, in
any manner consistent with the aspects and implementations
disclosed herein.

[0118] References to “or” may be construed as inclusive
so that any terms described using “or” may indicate any of
a single, more than one, and all of the described terms. For
example, a reference to “at least one of” ‘A’ and 13' can
include only ‘A’, only ‘B’, as well as both ‘A’ and ‘B’. Such
references used in conjunction with “comprising” or other
open terminology can include additional items.

[0119] Where technical features in the drawings, detailed
description or any claim are followed by reference signs, the
reference signs have been included to increase the intelligi-
bility of the drawings, detailed description, and claims.
Accordingly, neither the reference signs nor their absence
have any limiting effect on the scope of any claim elements.
[0120] The systems and methods described herein may be
embodied in other specific forms without departing from the
characteristics thereof. The foregoing implementations are
illustrative rather than limiting of the described systems and
methods. Scope of the systems and methods described
herein is thus indicated by the appended claims, rather than
the foregoing description, and changes that come within the
meaning and range of equivalency of the claims are
embraced therein.

What is claimed is:
1. A method implemented by one or more processors of a
client device, the method comprising:

detecting, via a sensor of the client device, an input audio
signal;

transmitting, to a data processing system, data that is
based on the input audio signal;

receiving, from the data processing system, an indication
of at least one application; and

launching the at least one application in response to
receiving the indication, wherein:
the input audio signal is parsed and a plurality of data
sources are queried to identify an action and an entity
on which to perform the action; and

Dec. 14, 2023

the at least one application is configured with access to
the entity identified from the input audio signal and
is configured to perform the action identified in the
input audio signal.

2. The method according to claim 1, wherein the indica-
tion of the at least one application comprises a deep link that
causes the application to launch and open or execute the
entity within the at least one application.

3. The method according to claim 1, wherein:

the at least one application is selected based on action-
inventory files; and

each of the action-inventory files is processed to identify
one or more electronic actions performed by a respec-
tive application associated with the action-inventory
file and corresponding one or more entities on which
the respective application performs the one or more
electronic actions.

4. The method according to claim 3, wherein the action-

inventory files comprise an extensible markup language file.
5. The method according to claim 3, wherein the action-
inventory files comprise a pointer to a list of entities.
6. The method according to claim 1, wherein:
a web search is executed via a search engine based on at
least one of the action and the entity identified from the
input audio signal; and
the at least one application is identified based on results of
the web search output by the search engine.
7. A computer program product comprising one or more
computer-readable storage media having program instruc-
tions collectively stored on the one or more computer-
readable storage media, the program instructions executable
to:
detect, via a sensor of a client device, an input audio
signal;
transmit, to a data processing system, data that is based on
the input audio signal;
receive, from the data processing system, an indication of
at least one application; and
launch the at least one application in response to receiving
the indication, wherein:
the input audio signal is parsed and a plurality of data
sources are queried to identify an action and an entity
on which to perform the action; and

the at least one application is configured with access to
the entity identified from the input audio signal and
is configured to perform the action identified in the
input audio signal.

8. The computer program product according to claim 7,
wherein the indication of the at least one application com-
prises a deep link that causes the application to launch and
open or execute the entity within the at least one application.

9. The computer program product according to claim 7,
wherein:

the at least one application is selected based on action-
inventory files; and

each of the action-inventory files is processed to identify
one or more electronic actions performed by a respec-
tive application associated with the action-inventory
file and corresponding one or more entities on which
the respective application performs the one or more
electronic actions.

10. The computer program product according to claim 9,

wherein the action-inventory files comprise an extensible
markup language file.
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11. The computer program product according to claim 9,
wherein the action-inventory files comprise a pointer to a list
of entities.

12. The computer program product according to claim 7,
wherein:

a web search is executed via a search engine based on at
least one of the action and the entity identified from the
input audio signal; and

the at least one application is identified based on results of
the web search output by the search engine.

13. A system comprising:

a processor, a computer-readable memory, one or more
computer-readable storage media, and program instruc-
tions collectively stored on the one or more computer-
readable storage media, the program instructions
executable to:

detect, via a sensor of a client device, an input audio
signal;

transmit, to a data processing system, data that is based on
the input audio signal;

receive, from the data processing system, an indication of
at least one application; and

launch the at least one application in response to receiving
the indication, wherein:
the input audio signal is parsed and a plurality of data

sources are queried to identify an action and an entity
on which to perform the action; and
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the at least one application is configured with access to
the entity identified from the input audio signal and
is configured to perform the action identified in the
input audio signal.

14. The system according to claim 13, wherein the indi-
cation of the at least one application comprises a deep link
that causes the application to launch and open or execute the
entity within the at least one application.

15. The system according to claim 13, wherein:

the at least one application is selected based on action-
inventory files; and

each of the action-inventory files is processed to identify
one or more electronic actions performed by a respec-
tive application associated with the action-inventory
file and corresponding one or more entities on which
the respective application performs the one or more
electronic actions.

16. The system according to claim 15, wherein the action-

inventory files comprise an extensible markup language file.

17. The system according to claim 15, wherein the action-
inventory files comprise a pointer to a list of entities.

18. The system according to claim 13, wherein:

a web search is executed via a search engine based on at
least one of the action and the entity identified from the
input audio signal; and

the at least one application is identified based on results of
the web search output by the search engine.
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