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said voice action system, the data comprising operations for performing the new voice action and trigger terms for

triggering the new voice action; generating a contextual

voice action intent for the software based at least on the

received data, wherein the contextual voice action intent comprises data that, when received by the software,

requests that the software perform the operations of the
intent with the trigger terms for the new voice action; wh

new voice action; associating the contextual voice action
erein the voice action system is configured to: receive an

indication of a user utterance obtained by a device having the software installed, determine that a transcription of
the user utterance corresponds to the trigger terms associated with the contextual voice action intent; and in
response to the determination, provide the contextual voice action intent, thereby requesting that the software
installed on the device perform the operations of the new voice action.
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Receive data specifying a new voice action

for an application, comprising operations for

performing the new voice action and trigger
terms for triggering the new voice action

402

Generate a contextual voice action intent
based at least on the received data

y

Associate the contextual voice action intent
with the trigger terms for the new voice action

406

Receive an indication of a user utterance
obtained by a particular device having the
application installed 408

v

Determine that a transcription of the user
utterance corresponds to the trigger terms for
the new voice action 410

v

Provide the contextual voice action intent to
the particular device, thereby requesting that
the application perform the operations for the

new voice action 412

FIG. 4
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DEVELOPER VOICE ACTIONS SYSTEM

TECHNICAL FIELD
[0001] This specification relates to voice actions, and one particular implementation relates to

configuring voice actions.

BACKGROUND
[0002] A task in an application can include one or more activities defined in software that a user
interacts with to perform a certain job. The activity is a class that controls the life cycle of the
execution of the task, such the multiple activities exercised within the task can permit the user to
perform the job. In some implementations, a command can be associated with an activity or an
action related to an activity, such that a user submission of the command can trigger the activity
or action. A specific intent can be fired to trigger the starting of the activity or performance of

the action.

SUMMARY
[0003] This specification describes a platform that allows an application developer to deploy
new voice actions for previously installed software applications. In general, using the platform,
the application developer can submit information defining the new voice action, where the
information specifies the application, an action that the new voice action is directed to triggering,
a trigger term for triggering the action, and a context in which the trigger term should be
effective to trigger the action in the application.
[0004] The context submitted by the application developer can specify a user device status when
the voice action should be effective to trigger the action in the application. A device status can
include, for example, which application(s) is operating in the foreground (i.e., currently active in
a user interface of the device) or in the background (i.e., currently hidden from view in the user
interface of the device), or can include specific information about applications, such as what
activities they are currently running, the status of running activities, and so on.
[0005] When the application developer submits information defining the new voice action, the
service or tool can validate the information defining the new voice action to determine whether

the new voice action is compatible with the application, or to otherwise determine whether the
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new voice action can be implemented. If the new voice action is valid, a new instance of a
passive data structure called an intent and having a specific format can be created for the voice
action by inducting the information defining the new voice action. The intent can specify some
or all of the information defining the new voice action, such as the application, the trigger term,
the activity or action to be triggered in response to detecting the trigger term, and context that is
necessary for the trigger term to be trigger the activity or action. The voice action can then be
deployed for the application, such that the voice action becomes an enabled voice action for the
application without additional alterations being made to the application code to support the voice
action.

[0006] Once the voice action has been deployed, a user operating a user device can provide a
speech input. The user device can submit context information for the user device, and the
context information and a transcription of the speech input can be used to identify an intent and
to trigger the identified intent. When the intent is triggered, data for executing the activity or
action is determined, and is transmitted to the user device to execute the activity or action in
response to the voice input.

[0007] For example, an application developer of a media player application can define a new
voice action for skipping to a next song that uses the trigger term “play next.” The application
developer can specify a context when the “play next” voice action should be enabled. For
example, the application developer may specify that the “play next” voice action should only
cause the media player application to skip to the next song when the media player application is
running in the foreground and is in a mode that causes the media player application to operate as
an audio player. After the voice action has been deployed by the application developer, a user
having the media player application previously installed on their user device might submit the
voice input “play next.” The user device can submit context information indicating a status of
the user device or of applications installed on the user device, such as context information
indicating that the media player application is running in the foreground and is in audio player
mode. In response to receiving the voice input “play next” and the information specifying the
context, data can be transmitted to the user device that causes the media player application to
skip to a next song. In contrast, if the voice input is determined to say “play next” but the

context information indicates that a social networking application is running in the foreground of
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the user device instead of the media player application, then the “play next” voice input may not
have any effect, or may cause a different operation to be performed at the user device.

[0008] Innovative aspects of the subject matter described in this specification may be embodied
in methods that include the actions of receiving, by a voice action system, data specifying a new
voice action for a software application different from said voice action system, the data
comprising one or more operations for performing the new voice action and one or more trigger
terms for triggering the new voice action, generating, by the voice action system, a contextual
voice action intent for the software application based at least on the received data, wherein the
contextual voice action intent comprises data that, when received by the software application,
requests that the software application perform the one or more operations of the new voice
action, associating, by the voice action system, the contextual voice action intent with the one or
more trigger terms for the new voice action, wherein the voice action system is configured to:
receive an indication of a user utterance obtained by a device having the software application
installed, determine that a transcription of the user utterance corresponds to the one or more
trigger terms associated with the contextual voice action intent, and in response to the
determination, provide, to the device, the contextual voice action intent, thereby requesting that
the software application installed on the device perform the one or more operations of the new
voice action.

[0009] These and other embodiments may each optionally include one or more of the following
features. In various examples, the received data specifies a context, the context specifying a
status of a device or of the software application when the new voice action is enabled; the
context specifies that the software application is operating in the foreground of a device on
which the software application is installed; the context specifies that the software application is
operating in the background of a device on which the software application is installed; the
context specifies that the software application is performing a specific activity; the context
specifies that a specific activity that the software application is performing is in a particular
activity state.

[0010] In other examples, these and other embodiments may each optionally include features
comprising: associating the contextual voice action intent with the context for the new voice
action, receiving, by the voice action system, context information indicating a status of a

particular device having the software application installed or of the software application installed
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on the particular device, determining that the context information satisfies the context for the
new voice action, and in response to determining that a transcription of a user utterance obtained
by the particular device corresponds to the one or more trigger terms associated with the
contextual voice action intent and that the context information satisfies the context associated
with the contextual voice action intent, providing, by the voice action system to the particular
device, the contextual voice action intent, thereby requesting that the software application
installed on the particular device perform the one or more operations of the new voice action;
receiving the context information indicating the status of the particular device or of the software
application installed on the particular device comprises: providing, by the voice action system to
the particular device, a request for particular context information, and receiving the particular
context information in response to the request

[0011] In still other examples, these and other embodiments may each include one or more
features comprising: determining that the context information satisfies a context for a second
voice action, and that the transcription of the user utterance corresponds to the one or more
trigger terms that are associated with an intent for the second voice action, where the intent for
the second voice action specifies one or more operations for performing the second voice action,
in response to the determination, selecting a voice action from among the new voice action and
the second voice action, and providing, by the voice action system to the particular device, the
intent associated with the selected voice action, thereby requesting that the software application
installed on the particular device perform the one or more operations of the selected voice action;
selecting the selected voice action from among the new voice action and the second voice action
comprises selecting the selected voice action in response to receiving data indicating a user
selection of one of the new voice action or the second voice action; selecting the selected voice
action from among the new voice action and the second voice action comprises: assigning a
score to each of the new voice action and the second voice action, and selecting the selected
voice action based at least on the score assigned to each of the new voice action and the second
voice action; selecting the selected voice action from among the new voice action and the second
voice action comprises selecting the selected voice action in response to determining that the
software application associated with the selected voice action is operating in the foreground.
[0012] In other examples, these and other embodiments may each include one or more features

including: generating the contextual voice action intent for the software application comprises
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determining that the one or more operations of the new voice action are capable of being
performed by the software application; determining that a transcription of a user utterance
obtained by a particular device having the software application installed is similar to the one or
more trigger terms associated with the contextual voice action intent, in response to the
determination, providing, by the voice action system to the particular device, data indicating a
request for user input that confirms whether the user utterance specified the one or more trigger
terms or was intended to cause the software application to perform the new voice action, in
response to the request, receiving, by the voice action system and from the particular device, data
indicating a confirmation, and in response to receiving the data indicating the confirmation,
providing, by the voice action system to the particular device, the contextual voice action intent,
thereby requesting that the software application installed on the particular device perform the one
or more operations of the new voice action.

[0013] In other examples, these and other embodiments may each include one or more features
comprising: receiving, by the voice action system from a developer associated with the software
application, a request to deploy the new voice action for the software application, and in
response to the request, deploying the new voice action for the software application in response
to the request, wherein deploying the new voice action for the software application enables the
new voice action for the software application; receiving, by the voice action system from a
developer associated with the software application, a request to rescind deployment of the new
voice action for the software application, and in response to the request, rescinding deployment
of the new voice action for the software application in response to the request, wherein
rescinding deploying of the new voice action for the software application disables the new voice
action for the software application.

[0014] In other examples, these and other embodiments may each include one or more features
comprising: receiving, by the voice action system from a developer associated with the software
application, a request to enable testing of the new voice action, wherein the request specifies one
or more devices for which the new voice action should be enabled, and in response to the
request, enabling the new voice action for the one or more specified devices, wherein the new
voice action is disabled for devices that are not included in the specified devices; receiving, by
the voice action system, an indication of a user utterance obtained by a particular device having

the software application installed, determining, by the voice action system, that a transcription of
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the user utterance corresponds to the one or more trigger terms associated with the contextual
voice action intent, and in response to the determination, providing, by the voice action system to
the particular device, the contextual voice action intent, thereby requesting that the software
application installed on the particular device perform the one or more operations of the new
voice action.

[0015] The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below. Other
potential features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 depicts an example system for a voice action development system and service.
[0017] FIG. 2 depicts an example system for generating new voice actions using a voice action
development system and service.
[0018] FIG. 3 depicts an example system for using voice actions.
[0019] FIG. 4 is a flowchart of an example process associated with a voice action development
system and service.

[0020] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0021] FIG. 1 illustrates an example of a voice action system 100. The voice action system 100
provides a platform and service whereby an application developer can establish new voice
actions for an application that has previously been installed on other users’ devices. Thereafter,
users of the application having the application installed on their devices can use voice commands
in order to cause the application to perform a specific operation as specified by the new voice
action.
[0022] The voice action system 100 receives from terminals 102a-102n data defining new voice
actions submitted by application developers 101a-101n, wherein the new voice actions are for
one or more different applications. The voice action system 100 can determine whether each
new voice action is a valid voice action. Each new voice action that is determined to be valid

can be inducted to generate an intent corresponding to the new voice action, and the intent
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corresponding to the new voice action can be stored at an application voice action database 110
of the voice action system 100.

[0023] For example, the voice action system 100 may have a validation engine that receives and
validates the data defining the new voice action. Validating the data may include determining
that the formatting of the data defining the voice action complies with requirements, determining
that the new voice action is compatible with the specified application, or otherwise determining
that a voice action can be established based on the data received from the application developer
101a-101n. An indication engine of the voice action system 100 can receive the validated data
defining the new voice action, and can induct the data to generate the intent corresponding to the
new voice action. The intent can then be stored in the application voice action database 110.
[0024] The application voice action database 110 can store voice actions that pertain to activities
or actions that can be performed within numerous different software applications. The voice
actions included in the application voice action database 110 may include built-in voice actions
that were submitted by application developers 101a-101n when the application was built, as well
as voice actions that were submitted by application developers 101a-101n after the application
was built for operations supported by the application.

[0025] The voice actions can also include application-specific voice actions that are supported
by default by the operating system. These pre-supported voice actions may be voice actions that
are capable of being implemented in applications without having to be submitted to the voice
action system 100 by an application developer 101a-10In. For example, the voice action “exit
application” to exit a task or activity running in the foreground may be automatically available
for any application, and may be included in the application voice action database 110 for each
application, without an application developer 101a-101n having to submit information to the
voice action system 100 to define the “exit application” voice action.

[0026] In addition to the application voice action database 110, the voice action system 100 can
include an operating system (OS) voice action database 120 that stores voice actions that are not
associated with any particular application or context. For example, a voice action “lock phone”
that causes a device to enter a locked state may be a voice action that is specified in the OS voice
action database 120 as a voice action that is not associated with a particular application, or that is
universally accessible, i.e., regardless of a device’s status when the “lock device” voice action is

detected. Generally, the voice actions stored in the OS voice action database 120 are voice
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actions that are not generated based on application developers 101a-101n defining the voice
actions, since the voice actions stored at the OS voice action database 120 are generic to a user
device operating environment and not any particular application generated by third party
application developers 101a-101n.

[0027] The voice action system 100 enables a user 105 having a user device 104 to provide
spoken voice input to their user device 104 to cause actions to be performed by the user device
104 or applications operating on their user device 104. For example the user 105 having the user
device 104 has a media player application running on their user device 104 and provides the
spoken input “play next” while the media player application is running in the foreground of the
user device 104.

[0028] Audio data corresponding to the spoken input and context information specifying a status
of the user device 104, including the status of applications running on the user device 104, is
transmitted to the voice action system 100. Specifically, for the example shown in FIG. 1, the
audio data corresponding to the voice input “play next” is received by a speech recognition
engine 130 of the voice action system 100, and the context information indicating the status of
the user device 104 is received by a context analysis engine 140 of the voice action system 100.
The context information may indicate that the media player application is running in the
foreground of the user device 104, that the media player application is currently in an audio
player mode, and may indicate other information about the status of the user device 104 and
applications installed on the user device 104.

[0029] The speech recognition engine 130 receives the audio data corresponding to the voice
input, generates a transcription of the voice input, and provides the transcription of the voice
input to the voice action selector 150. The context analysis engine 140 receives the context
information from the user device 104 and processes the context information to determine
relevant context information. For example, the context analysis engine 140 may analyze the
context information to identify applications that are installed on the user device 104, and
metadata associated with each of those applications may specify available voice actions for the
application and context information that is relevant to determining which of the voice actions
might be enabled for a given device status. In some instances, based on the analysis, the context
analysis engine 140 may determine that additional context information is required to identify

which voice actions should be enabled for a particular status of the user device 104, and so the
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context analysis engine 140 may request additional context information from the user device
104. The context analysis engine 140 forwards the processed context information to the voice
action selector 150.

[0030] For example, as shown in FIG. 1, the speech recognition engine 130 may receive the
audio data corresponding to the voice input “play next” and may obtain a transcription of the
voice input. The context analysis engine 140 receives context information from the user device
104 that specifies that the media player application is running in the foreground, that the media
player application is operating in an audio player mode, and that specifies other information
about the user device 104. For instance, the context information may also indicate that a social
network application is operating in the background of the user device 104 and that the battery life
of the user device 104 is currently 50%. The context analysis engine 150 may receive
information indicating that the user device 104 has both the media player and social network
applications installed and may determine that neither the media player application nor the social
network application enables voice actions based on context information that indicates a device
battery life. Therefore, the context analysis engine 140 may filter the context information to
indicate only that the media player application is operating in the foreground of the user device
104, that the media player application is in an audio player mode, and that the social network
application is operating in the background of the user device 104. The filtered context
information and the transcription of the voice input “play next” may then be provided to the
voice action selector 150.

[0031] The voice action selector 150 receives the transcription of the spoken input from the
speech recognition engine 130 and a context from the context analysis engine 140 that includes
processed context information. The voice action selector 150 uses the transcription and the
context to identify a particular intent associated with a particular voice action to trigger at the
user device 104. For example, the voice action selector 150 can access the application voice
action database 110 and the OS voice action database 120 to identify a set of candidate voice
actions that are enabled for the present context of the user device 104. Identifying the set of
candidate voice actions can include identifying a set of intents stored at the application voice
action database 110 or the OS voice action database 120 that specify contexts matching the

context received by the voice action selector 150.
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[0032] Having identified the set of candidate voice actions that are enabled for the presented
context, the voice action selector 150 can compare the transcription of the voice input to one or
more trigger phrases associated with each of the enabled voice actions. In general, a trigger
phrase can include one or more trigger terms, and operates as an identifier for a voice action,
such that detection of the one or more terms of a particular trigger phrase results in identification
and triggering of the voice action corresponding to the particular trigger phrase. For instance,
the voice action selector 150 can compare the transcription to respective trigger phrases
associated with the intents of the enabled voice actions. The voice action selector 150 identifies
a particular intent for a particular voice action based on determining that the transcription
matches a trigger term specified by the intent associated with the particular voice action.

[0033] For example, the voice action selector 150 can receive the transcription of the voice input
“play next” and the context for the user device 104, and can use the received context to identify
candidate voice actions to initiate at the user device 104, i.e., voice actions that can be initiated at
the user device 104 based on the current status of the user device 104. After determining the set
of candidate voice actions for the context of the user device 104, the voice action selector 150
compares the transcription of the voice input “play next” to trigger phrases specified by the
intents of the candidate voice actions. The voice action selector 150 can determine that the
transcription “play next” matches the trigger phrase specified by the intent of the “play next”
voice action for the media player application.

[0034] A transcription is identified as matching a trigger phrase based on determining that at
least a portion of the transcription matches one or more terms of the trigger phrase. For example,
a match between a transcription and a trigger phrase may be identified based on each of the
terms of the transcription matching each of the terms of the trigger phrase. In some
implementations, a match may be identified based on determining that less than all of the terms
of the transcription match terms of the trigger phrase. For example, a transcription may match a
trigger phrase even if some of the terms of the trigger phrase are absent from the transcription, if
the transcription includes terms in addition to those of the trigger phrase, or if one or more terms
of the transcription are different from terms of the trigger phrase. Thus, each of the
transcriptions “new email,” “send new email,” or “open up new email” may be identified as
matching the trigger phrase “open new email,” despite not each of the transcriptions failing to

precisely match the trigger phrase. In some instances, a transcription may be identified as
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matching a trigger phrase if the transcription includes some or all of the terms of the trigger
phrase in a different order than the order specified by the trigger phrase. For example, the
transcription “lock phone” may be identified as matching a “phone lock™ trigger phrase. In some
instances, a transcription may be identified as matching a trigger phrase based on determining
that the transcription includes one or more synonyms or alternate terms for terms of the trigger
phrase. Thus, the transcriptions “draft new email” or “open new email” may be identified as
matching the trigger phrase “write new email” based on “draft” being a synonym of “write,” and
“open” being an identified alternate term for “write.”

[0035] Having identified the particular voice action, the voice action selector 150 provides
action trigger data to the user device 104 that causes the activity or action associated with the
particular voice action to be initiated. To do so, the voice action selector 150 can obtain
information for controlling the user device 104 to perform the action or activity associated with
the selected voice action. In some instances, controlling the user device 104 to perform the
action or activity associated with the selected voice action can include firing an intent of the
selected voice action. Firing the intent of the selected voice action may cause information for
initiating the activity or action associated with the selected voice action to be provided to the user
device 104.

[0036] For example, the intent for the selected voice action can include data that causes actions
or activities associated with the voice action to be performed by the application associated with
the voice action. The selected intent can be transmitted to the user device 104, such that receipt
of the intent by the user device 104 can act as a request or can trigger performance of the actions
or activities associated with the voice action. Alternatively, the voice action selector 150 can
determine other data to operate as action trigger data that causes the selected voice action to be
performed at the user device 104, and can transmit the information to the user device 104. For
example, an intent may only identify the actions or activities to be performed by the user device
104 to perform the voice action, and the voice action selector 150 can determine action trigger
data that can control the application on the user device 104 to perform the actions or activities
associated with the voice action. The determined action trigger data can be transmitted to the
user device 104 such that the action trigger data causes the actions or activities associated with

the voice action to be performed.
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[0037] For instance, after selecting the “play next” voice action from among the set of candidate
voice actions, the voice action selector 150 transmits the intent for the “play next” voice action to
the user device 104, or obtains other information for controlling the media player application
running on the user device 104 to skip to a next song. The voice action selector 150 transmits
the data for controlling the media player application to skip to a next song to the user device 104,
which in turn initiates a process for the media player application running on the user device 104
to skip to a next song, for example, to skip ahead to the song “Fame” by David Bowie.

[0038] Briefly, as discussed, the system of FIG. 1 includes one or more terminals 102a-102n
corresponding to one or more application developers 10la-101n. The terminals 102a-102n can
each be in communication with the voice action system 100, for example, over one or more
wired or wireless networks. Each of the terminals 102a-102n can be a mobile device, such as a
cellular phone, smartphone, tablet computer, laptop computer, personal digital assistant (PDA),
netbook computer, or other mobile computing device, or may be any stationary computing
device, such as a desktop computer or other stationary computer. A user device 104 associated
with a user 105 can also be in communication with the voice action system 100 over one or more
wired or wireless networks, where the user device 104 may also be a mobile or stationary
computing device, such as a cellular phone, smartphone, tablet computer, netbook, personal
digital assistant, laptop computer, desktop computer, or other computing device.

[0039] The example voice action system 100 shown in FIG. 1 includes an application voice
action database 110, operating system (OS) voice action database 120, speech recognition engine
130, context analysis engine 140, and voice action selector 150. Each of the components of the
voice action system 100, including the application voice action database 110, OS voice action
database 120, speech recognition engine 130, context analysis engine 140, and voice action
selector 150, may be in communication with one or more other components of the voice action
system 100 over one or more wired or wireless data pathways that enable that exchange of
electronic communications. In some implementations, one or more of the components of the
voice action system 100 may be combined such that their functions are performed by a single
component, or may be represented by two or more components such that their functions are
dispersed across the two or more components. The components of the voice action system 100
may be implemented on a single computing device, such as a single server system, or may be

implemented on multiple computing devices that are in communication over one or more wired
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or wireless data pathways that enable the exchange of electronic communications between the
components.

[0040] FIG. 2 illustrates an example system that enables an application developer to generate
new voice actions for an application that is installed on one or more user devices. For example,
after an application has been released and downloaded to one or more user devices, the
application developer can define a new voice action using a voice action development service.
The voice action development service can deploy the new voice action to enable the new voice
action for the application without requiring modifications to the application itself.

[0041] Briefly, FIG. 2 depicts a developer voice action system 200 that provides voice action
development services to an application developer 201 who is associated with a terminal 202.
The terminal 202 may be in communication with the developer voice action system 200 over one
or more wired or wireless network connections, such as a wired or wireless Internet connection,
that enables the terminal 202 to exchange electronic communications with the developer voice
action system 200. The developer voice action system 200 includes a validation engine 210 that
is in communication with a validation criteria database 215. The developer voice action system
200 further includes a grammar induction engine 220 that is in communication with an
application metadata backend 225 and an application voice action database 230. The application
voice action database 230 may be similar to the application voice action database 110 of FIG. 1,
and can store intents generated from grammars that are submitted by application developers to
define new voice actions for applications or that are based on information submitted by
application developers that defines new voice actions. In some implementations, the developer
voice action system 200 providing the service for application developers to establish new voice
actions can be a part of the voice action system 100 of FIG. 1. In some implementations,
operations performed by components of the developer voice action system 200 can be performed
by different components of the developer voice action system 200. The developer voice action
system 200 may comprise of more, fewer, or different components to perform the operations
described as being performed by the developer voice action system 200.

[0042] As shown in FIG. 2, the application developer 201 can submit information defining a new
voice action to the developer voice action system 200 using the terminal 202. For example, the
terminal 202 may include an application for a developer voice action service, or the terminal 202

may be able to access the developer voice action service remotely over a network connection, for
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example, by accessing the developer voice action service at a website over the Internet. In other
implementations, the developer voice action service may be hosted by the developer voice action
system 200 such that the terminal 202 can access the developer voice action service at the
developer voice action system 200 over the network connection between the terminal 202 and
developer voice action system 200.

[0043] To implement a new voice action for a particular application, the application developer
201 can submit a new grammar to the developer voice action system 200 that defines the new
voice action, or can submit other information that defines the new voice action to the developer
voice action system 200. In the example shown in FIG. 2, to implement a new voice action, the
application developer 201 first defines a new voice action for a media player application that is
already installed on one or more user devices. To do so, the application developer 201 submits a
grammar that defines the new voice action for the media player application. The grammar
submitted by the application developer 201 specifies an application, namely the media player
application, a trigger phrase “play next” to be associated with the new voice action, an action to
be performed in response to detecting the “play next” trigger phrase, namely to skip to a next
song, and a context for when the new voice action is enabled, namely that the media player
application must be operating in the foreground of a user device and that the media player
application must be in an audio player mode.

[0044] The grammar submitted by the application developer 201 may be in a specific format that
enables the application developer 201 to readily define the new voice action without having
familiarity with a specific data format used by the developer voice action system 200 for voice
action intents. In other implementations, the application developer 201 can submit other
information that can be received by the validation engine 210 or another component of the
developer voice action system 200 and translated to generate a grammar defining the new voice
action. For example, the application developer 201 may be presented with a form that includes
fields that the application developer 201 can complete to define a new voice action. The form
may enable the application developer 201 to specify information about the new voice action, for
example, an application, a trigger phrase for the new voice action, and an action or activity to be
performed by or with respect to the application in response to the trigger phrase. The form can
allow the application developer 201 to provide a context that requires a specific status of a user

device or of one or more applications operating on the user device for the new voice action to be

14



10

15

20

25

30

enabled, that is, for the voice action to be a candidate voice action that a user can trigger using
the trigger phrase. Other information necessary or optionally used to define a new voice action
may be entered at the form. The entries in the form fields provided by the application developer
201 may be converted to a grammar for submission to the developer voice action system 200, or
the entries may be received by the developer voice action system 200 and converted to a
grammar at the developer voice action system 200. Alternatively, the application developer 201
may define the new voice action by entering the necessary information using the grammar format
that is submitted to the voice action developer system 200, or using another format, such as a
delimiter-separated value (DSV) format.

[0045] In some implementations, a new voice action may be developed to perform one or more
operations in a software application that operates on a user device, to perform one or more
operations with respect to the user device generally (i.e., to control hardware of the user device),
to control an application that is external to the user device (i.e., an application operating on a
different device), or to control another device that is external to the user device. For example,
the application developer 201 may provide a grammar defining a new voice action to control a
specific application on a user device (e.g., a social network application or media player
application), to control the user device (e.g., to change the orientation of a screen of the device or
to power off the device), to control an application operating on a different device (e.g., to control
cable television software operating on a cable television box that is external to the user device),
or to control another device that is separate from the user device (e.g., to control a garage door
using a voice input provided to the user device). In some implementations, a voice action can be
defined such that triggering the voice action causes two or more different actions or activities to
be performed at two or more different applications or devices.

[0046] A context specified by an application developer 201 identifies one or more conditions
that must be satisfied for a voice action to be enabled, i.e., such that the voice action will not be
triggered by a trigger phrase associated with the voice action unless the context is also satisfied.
The application developer 201 can define a context as have one or more different requirements
or conditions.

[0047] In some instances, a context submitted by an application developer 201 may specify a
status or attributes of a user device, such as whether the user device is powered on or locked,

whether the user device has a camera, gyroscope, barometer, or other component or feature.
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Thus, for example, a voice action to take a picture using an application installed on a user device
may not be enabled if context information received from the user device indicates that the user
device does not have a camera.

[0048] In other examples, a context may require that specific applications are operating in the
foreground or background of a user device. For example, as shown in FIG. 2, the “play next”
voice action may only be enabled when the media player application is operating in the
foreground of user device 204, but not if the media player application is closed or is operating in
the background of the user device 204. In other examples, a voice action may be defined with a
context that enables the voice action when an application is operating in the background. For
instance, a social network application may have an associated voice action to accept a request to
connect with another user, and a user may be able to trigger the voice action to accept a request
to connect with another user even if the social network application is only operating in the
background of the user device.

[0049] A context may additionally or alternatively require that a particular application being
operating in a specific mode for a voice action to be enabled. A mode may be a particular
activity or task that the application is executing. For example, an email application may be
determined to be in an email write mode, a media player application may be in an audio player
mode, or a camera application may be in a camera mode or a photo album viewer mode. The
user device may be able to determine which of the modes a particular application is operating in,
and may include that information in context information that is used to determine whether a
particular voice action is enabled.

[0050] Additionally, in some instances, a context may require that an application mode has a
certain status. For example, a context may indicate that a voice action to “pause’” a movie may
only be enabled when a media player application is in a movie player mode and when the status
of the application in the movie player mode is that the application is currently playing the movie.
In some instances, a user device may not be able to determine the status of an application
operating in a particular mode. In those instances, it may be necessary to configure the
application to provide information indicating the status of the application in a particular mode.
Thus, specifying such a condition in a context for a particular application may require
modifications to the application itself, in order for context information provided by the user

device to include the required status information.
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[0051] In some examples, a context specified for a voice action may require that particular
objects or types of objects are displayed on a screen of a user device to enable the voice action.
For example, a context may specify that a “save image” voice action is only enabled if an image
is being output at the display of the user device, or may specify that a “highlight” voice action is
only available if text is presented on the display. In another example, a voice action to select a
particular item in a list, such as the voice action to “pick the first one” may only be available if
context information indicates that a number “1” or a bullet point is being presented on the
display of the user device, or if there is a list of items being presented on the display. In some
instances, the user device may not be capable of determining what information is being presented
at its display at a given moment, e.g., when an application is in control of the display. Thus, if a
context specifies that certain information or types of information must be output at the display
for a voice action to be enabled, then it may be necessary to modify the application to provide
that information. The user device can then include the information indicating what is being
output at the display of the user device in context information that is used to determine whether a
specific voice action should be enabled.

[0052] In other instances, a context may require that a notification or a particular type of
notification has been output at a user device. For example, an email application that provides
pop-up notifications to users when a new email is received may have an associated voice action
to “read email” that is enabled when a new email notification is being output to the display of a
user device by the application. Thus, context information may indicate whether a notification is
being output to the display of the user device, and that information may be used in determining
whether the “read email” voice action should be enabled.

[0053] In some examples, a context may require a user device be in a particular geographic
location for a voice action to be enabled. A user device may be capable of determining its
geographic location using cellular tower triangulation, based on accessing an internet connection
that is associated with a particular geographic location, using Global Positioning System (GPS)
technology, or using other means. The user device may include information indicating its
geographic location in context information, and a voice action may be enabled based on the
geographic location satisfying a context’s geolocation requirements. As an example, a context
associated with a voice action for a retailer’s application may specify that a certain voice action

should only be processed if a user device having the retailer application is within a range of one
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of the retailer’s stores. The voice action for the retailer application may be enabled based on
context information from the user device indicating that the geographic location of the user
device corresponds to a geographic location that is within the range of one of the retailer’s stores.
[0054] A context defined by an application developer can also indicate that a voice action
associated with the context is only enabled during certain times, dates, months, seasons, or when
other temporal conditions are met. For example, a context may specify that a certain voice
action is only enabled if context information received from a user device or from another
information source satisfies a time condition. For example, a voice action for a banking
application may be associated with a context that includes a temporal condition, such that the
voice action is only enabled if context information indicates that a time when the voice action is
submitted is between 6:00 AM and 10:00 PM.

[0055] A context may specify other requirements for a voice action to be enabled. For example,
the developer voice action system 200 may have access to information from sources other than a
user device, or may be able to receive information from a user device that is obtained from one
or more information sources. The information received from the other sources can be required
context information for enabling a voice action. Such information can include, for example,
weather information, emotional information for a user, news information, stock market
information, or other information. For instance, the developer voice action system 200 may be
capable of accessing other information sources through one or more wired or wireless network
connections, e.g., an Internet connection or other network connection to a server system. A
context for a voice action may specify that the voice action is enabled only if weather
information for a geographic area corresponding to the location of a relevant user device
indicates that it is raining in that location. To check whether the context condition is met, the
developer voice action system 200 may be able to access weather information for a known
location of a user device over the one or more network connections.

[0056] The grammar or other information defining the new voice action submitted by the
application developer 201 can be submitted to the developer voice action system 200 from the
terminal 202 over a network. The submitted grammar is received at the developer voice action
system 200 by the validation engine 210. If the application developer 201 submits information
to the developer voice action system 200 that defines the voice action but that is not in grammar

format, the developer voice action system 200 may convert the information defining the new
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voice action to a grammar. The validation engine 210 analyzes the grammar to determine
whether the submitted grammar can be inducted into an intent for a new voice action. For
example, the validation engine 210 may be able to determine whether a trigger phrase specified
by the grammar is a valid trigger phrase, can determine whether the activity specified by the
grammar can be performed by the specified application, can determine whether the format of the
submitted grammar is syntactically valid, can determine if the context specified by the grammar
is valid, or can otherwise determine whether the submitted grammar is a valid grammar that can
be inducted to generate an intent for the new voice action. To perform the validation, the
validation engine 210 may access a validation criteria database 215 that includes rules used to
validate the grammar.

[0057] For example, the validation engine 210 receives the grammar that specifies the new voice
action for the media player application. The grammar specifies the trigger phrase “play next,”
that the trigger phrase “play next” should cause the media player application to skip to a next
song, and a context specifying that the new voice action should be enabled when the media
player application is operating in the foreground and is an audio player mode. The validation
engine 210 can access validation rules at the validation criteria database 215 and validate the
received grammar based on the rules. For example, the validation engine 210 may determine
whether the media player application is an existing application, such that new voice actions can
be created for the specified application. The validation engine 210 may access a rule that
specifies that a trigger phrase must be more than one spoken syllable in length, and may validate
the trigger phrase “play next” based on determining that the trigger phrase “play next” is longer
than one spoken syllable. The validation rules may specify a list of possible actions that the
media player application can perform, and may validate the specified action to skip to a next
song based on determining that skipping to a next song is an operation that the validation engine
210 is capable of performing. The validation engine 210 may validate the context specified by
the grammar to ensure that the context does not contain contradictions. For example, the
validation engine may ensure that the specified context does not require the application to be
operating in the foreground and also operating in the background for the new voice action to be
enabled, since only one of those two conditions can be satisfied. Other validation criteria may be
applied to a received grammar to determine whether the grammar submitted by the application

developer 201 is valid.
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[0058] Other forms of validation may be performed by the validation engine 210. For instance,
the validation engine 210 may determine whether the application developer 201 is authorized to
generate new voice actions for the specified application, may determine whether a fee required to
generate the new voice action has been paid, or may otherwise determine whether a grammar
submitted by an application developer 201 may result in the creation of an intent for the new
voice action.

[0059] Based on the outcome of the validation performed by the validation engine 210, feedback
can be provided to the application developer 201 that indicates whether the grammar is valid. If
the validation engine 210 determines that the grammar is invalid, the validation engine 210 may
cause the terminal 202 to output information indicating that the grammar is invalid and
requesting that the application developer 201 correct the grammar, or may suggest ways that the
application developer 201 can correct the grammar. For instance, if a grammar is determined to
be invalid because it specifies an action that cannot be performed by the specified application
(e.g., if the grammar specified that the new voice action should cause the media player
application to open a new email), then the validation engine 210 may cause information to be
output at the terminal 202 that indicates that the grammar specifies an action that is incompatible
with the specified application, and may indicate that the application developer 201 may correct
the grammar by changing either the specified action or the specified application. If the submitted
grammar is valid, the validation engine 210 may provide an indication that the submitted
grammar is valid.

[0060] Additionally, the validation engine 210 may request additional input from the application
developer 201. For example, if the grammar is determined to be valid, the validation engine 210
may present the application developer 201 with an option to continue with generating the new
voice command, such that an intent for the new voice command will not be generated from the
grammar unless the application developer 201 confirms that they would like to continue with
generating the new voice command. This may enable an application developer 201 to determine
if they are properly submitting grammars to the developer voice action system 200, without
having to continue with the grammar induction or deployment of the new voice action.

[0061] Based on the grammar submitted by the application developer 201 being validated and,
optionally, the application developer 201 providing input indicating that the voice action

generation process should be continued, the grammar can be provided to the grammar induction
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engine 220 by the validation engine 210. The grammar induction engine 220 can induct the
received grammar to generate an intent for the new voice action. The generated intent can
specify information included in the grammar defining the new voice action. For example, the
grammar induction engine 220 can induct a received grammar to generate an instance of an
intent data structure that specifies one or more of the application, the trigger phrase, the action or
activity to perform in response to detecting the trigger phrase, and the context specified for the
new voice action. The grammar induction engine 220 can store the intent for the new voice
action at the application voice action database 230.

[0062] For instance, as shown in FIG. 2, the grammar induction engine 220 can receive the
grammar submitted by the application developer 201 that has been validated by the validation
engine 210. The grammar induction engine 220 can generate a new intent, “Intent Y,” for the
new voice action based on the received grammar. To generate the intent, the grammar induction
engine 220 may generate a new instance of an intent data structure and may populate the intent
data structure with information included in the received grammar, including information
specifying the media player application, information specifying the trigger phrase “play next,”
information specifying that the “play next” voice action should be associated with skipping to a
next song in the media player application, and information specifying a context indicating that
the “play next” voice action should be enabled when the media player application is operating in
the foreground and is operating in an audio player mode.

[0063] The new “Intent Y™ can be stored by the grammar induction engine 220 at the application
voice action database 230 that includes other intents for other voice actions, such as “Intent X
and “Intent Z.” Each of “Intext X’ and “Intent Z”’ may be associated with other voice actions for
other applications, or with other voice actions for the media player application. Once the new
“Intent Y™ has been stored at the application vice action database 230, the new voice action may
be deployed such that the new voice action may be used by users having the media player
application stored on their devices. That is, once deployed, users of the media player application
may use the new “play next” voice action without having to update their applications.

[0064] In some implementations, inducting the grammar to generate the intent may also involve
generating one or more alternate trigger terms that are based at least on the trigger term
submitted by the application developer 201, and including the alternate trigger terms in the intent

generated for the new voice action. For example, one or more expansion rules, synonym rules,
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optionalization rules, substitution rules, rewrite rules, or other rules may be applied to the trigger
term submitted by the application developer 201 to determine alternate trigger terms. The
grammar induction engine 220 may include the alternate trigger terms in the intent for the new
voice action, such that detection of the trigger term submitted by the application developer 201
or of an alternate trigger term can result in triggering of the voice action.

[0065] Additionally, in some implementations, the grammar induction engine 220 may store
information relating to a new intent separate from the intent data structure. For example,
information specifying a context required for the new voice action to be enabled, or a trigger
term associated with the new voice action, may be stored separately from the intent for the new
voice action. In such instances, context information received from a user device or a trigger term
received from the user device may be compared with the context and trigger term associated with
the intent without having to access the data in the intent. The intent may be triggered based on
determining that the received context information and/or trigger term match the respective
context and/or trigger term associated with the intent. In this way, only information necessary
for triggering the activity or action associated with the new voice action need be included in the
intent, and other information used to select the intent for triggering, to identify the intent, or
other information, may be stored externally from the intent. For example, the developer voice
action system 200 may store a lookup table, linked list, or other data that maps a context or
trigger term information to specific intents, such that the identification of a particular pairing of a
context and trigger term may be cause the intent associated with that that pairing to trigger.
[0066] In some implementations, the developer voice action system 200 may also provide
capabilities for the application developer 201 to test the new voice action before it is deployed
for public use. For example, the developer voice action system 200 may provide capabilities for
the application developer 201 to test the new voice action using their terminal 202 without the
voice action being available to other users. The developer voice action system 200 may also
provide capabilities for the application developer 201 to specify one or more user devices for
which the new voice action should be enabled for testing. For example, the application
developer 201 may specify that the new voice action should be deployed for a beta test group of
known user devices, to ensure proper operation of the new voice action prior to deploying the

new voice action for general public use.
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[0067] In some implementations, the developer voice action system 200 may enable testing of
the new voice action by changing a setting associated with the intent, such that the intent can be
identified and trigger based on receiving a voice command from one of the user devices specified
for testing. For example, the developer voice action system 200 may store a setting for each of
the intents stored in the application voice action database 230, where the setting indicates
whether an intent for a particular voice action has been deployed generally for public use, or may
identify specific user devices to which the intent has been deployed for testing purposes. After
storing an intent at the application voice action database 230, the developer voice action system
200 may receive information from the terminal 202 indicating that the intent should be enabled
for a specific set of one or more user devices for testing purposes. In response, the setting for the
intent may be updated to deploy the intent to the specified set of user devices such that the voice
action associated with the intent may be triggered. Once enabled for testing, a voice input
received from a user device in the set may cause the intent to be triggered, thereby allowing for
testing of the voice action.

[0068] In other embodiments, the developer voice action system 200 may enable testing of the
new voice action prior to the intent for the new voice action being stored in the application voice
action database 230. For example, the application developer 201 may indicate that they would
like to test the new voice action before deploying it, and may indicate a number of user devices
or user accounts for which the new voice action should be temporarily enabled for testing. After
generating the intent for the new voice action, the developer voice action system 200 may enable
the voice action for the specified user devices or user accounts, such that a specified user device
or a user device associated with a specified user account can trigger the new voice action if a
user of provides the trigger phrase associated with the new voice action as input to one of the
user devices.

[0069] In still other implementations, the developer voice action system 200 can provide testing
capabilities for new voice actions before the grammar for the new voice action is inducted by the
grammar induction engine 220. For example, after validating the received grammar, the
validation engine 210 or another component of the developer voice action system 200 may be
capable of simulating the operation of the new voice action defined by the grammar to enable the
application developer 201 or users of other devices to test the new voice action. In some

instances, simulating the new voice action may require the terminal 202 or other user devices
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used for testing to utilize a simulator or testing mode provided by the developer voice action
system 200 to simulate operation of the new voice action. Providing testing capabilities before
the new grammar is inducted can allow for faster iterative testing of new voice actions by the
application developer 201, thereby speeding up the overall voice action development process.
[0070] Capabilities to deploy voice actions and to rescind the deployment of voice actions can
also be provided by the developer voice action system 200. For example, after a grammar
defining a new voice action has been submitted to the developer voice action system 200 by the
application developer 201, validated, inducted to generate a new intent, and the new intent has
been stored at the application voice action database 230, the developer voice action system 200
may request whether the application developer 201 would like to deploy the new voice action.
The application developer 201 may elect to deploy the new voice action, where deploying the
new voice action enables triggering of the new voice action at user devices of the general public
that have the application associated with the new voice action installed. The application
developer 201 can provide input at the terminal 202 to deploy the new voice action. The new
voice action can then be deployed such that the new voice action is capable of being triggered on
other user devices that have the application associated with the new voice action installed. That
is, after the new voice action has been deployed, input of the trigger phrase for the new voice
action at a user device having the application installed will cause the intent associated with the
new voice action to trigger. Triggering of the intent associated with the new voice action causes
the intent or other action trigger data to be transmitted to the user device, such that data in the
intent or the action trigger data causes the actions or activities of the voice action to be
performed by the user device. As discussed, deploying the intent may only require the developer
voice action system 200 to update a setting associated with the intent of the new voice action to
make the intent a candidate intent to be triggered in response to a voice input.

[0071] After a voice action has been deployed, the application developer 201 may rescind the
deployment of the new voice action, such that the new voice action can no longer be triggered at
user devices that have the application associated with the new voice action installed. For
example, the application developer 201 may provide input to the developer voice action system
200 identifying the voice action and indicating that their intention to rescind deployment of the
voice action. In response, the developer voice action system 200 may rescind the deployment of

the voice action, for example, by updating a setting associated with the intent for the voice action
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such that the intent for the voice action cannot be triggered. Since the deployment or clawing
back of a voice action only requires the developer voice action system 200 to update information
stored at the developer voice action system 200, without changing the application installed on
users’ devices, the application developer 201 may readily deploy or rescind deployment of voice
actions.

[0072] In some implementations, the developer voice action system 200 can also generate
discoverability examples for a new voice action. A discoverability example can include
information that can be presented to a user of a user device that informs the user that particular
voice actions are available, possibly including new voice actions that were submitted by a
developer after the application was installed. In some instances, the discoverability example can
be output in response to the user device having a status that matches a context associated with
the voice action, or in response to a user asking what voice actions might be available.

[0073] For example, based on receiving a grammar defining a new voice action, the grammar
induction engine 220 or another component of the developer voice action system 200 can
generate discoverability examples for the voice action defined by the grammar, and can store the
discoverability examples in the application metadata backend 225. The discoverability examples
can be provided to user devices that have the application associated with the new voice action
installed. For example, the metadata of the application may be periodically updated to include a
current list of discoverability examples for the application that are stored in the application
metadata backend 225. Alternatively, based on a user device submitting context information that
indicates its current status, information may be transmitted to the user device that causes
discoverability examples for voice actions enabled for the status of the user device to be output at
the user device.

[0074] For example, in addition to generating the new “Intent Y for the “play next” voice
action, the developer voice action system 200 may generate one or more discoverability
examples for the “play next” voice action. The discoverability examples may include
information that is output at user devices that have the media player application. The
discoverability example can be output at a user device based on the context associated with the
“play next” voice action being met, or based on other conditions. For example, the
discoverability example for the “play next” voice action can be a message “Try saying ‘play

299

next’” that is output whenever the media player application is operating in the foreground of a
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user device and is in audio player mode. In some implementations, a discoverability example
may be output in response to other events or conditions. For example, the discoverability

299

example message “Try saying ‘play next’” may be output in response to a user of the user device
providing an input to the user device by pressing a button or control, or by saying “what voice
actions can I say?”

[0075] In general, discoverability examples for application voice actions may be provided to
users without requiring action by the applications themselves. For example, the developer voice
action system 200 may provide data including discoverability examples to a user device, and the
user device may cause the discoverability examples to be output without applications related to
the discoverability examples being required to perform operations. In some implementations, an
OS operating on a user device may capable of receiving discoverability examples or of accessing
application metadata that specifies discoverability examples, and of causing the discoverability
examples to be output at the user device. Thus, discoverability examples for voice actions
related to a particular application may be provided for output without modifications to the
particular application.

[0076] In some implementations, discoverability examples for application voice actions can be
output in such a way that a user would understand that the discoverability examples are not being
provided by the application itself. For example, a user device can provide discoverability
examples in such a way that it is apparent that the discoverability examples are being provided
by the developer voice action system 200 or an OS, and not the specific applications related to
the voice actions. For instance, a user device may use a specific computerized voice tone
recognizable as being associated with the user device’s OS when providing discoverability
examples. Alternatively, discoverability examples may be output in such a way that it is clear
that the application is not providing the discoverability examples. For instance, a discoverability
example may be output that says, “Try saying ‘play next’ or ‘pause’ and I will have the media
player application handle your request,” to distinguish the role of the OS from actions performed
by the media player application itself. Other ways of indicating that discoverability examples are
being provided by a separate system or application may also be implemented.

[0077] FIG. 3 illustrates an example voice action system 300 for processing voice actions
received from a user of a user device. In some implementations, the voice actions processed by

the voice action system 300 may be voice actions that an application developer has created for an
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application after the application was downloaded to the user device. The voice action created by
the application developer may have been created for the application using the developer voice
action system 200 of FIG. 2.

[0078] Briefly, the voice action system 300 is in communication with a user device 304
belonging to a user 305 over one or more wired or wireless networks, such as one or more wired
or wireless Internet or cellular data connections that enable the user device 304 to exchange
electronic communications with the voice action system 300. The voice action system 300
includes a speech recognition engine 330 and a context analysis engine 340 that process
information received from the user device 304 over the one or more network connections. The
voice action system includes a matcher 350 that is in communication with the speech recognition
engine 330 and the context analysis engine 340, and that also has access to an application voice
action database 310 and an OS voice action database 320. The matcher 350 communicates with
an action trigger builder 360 that has access to an application data database 370. A
disambiguation engine 380 that has access to a user activity history 390 can also send or receive
electronic communications from the user device 304 over the one or more network connections.
[0079] To process a voice input submitted by the user 305, audio data corresponding to the voice
input and context information indicating a status of the user device 304 and/or applications
operating on the user device 304 are provided to the voice action system 300. In some instances,
the user device 304 may obtain the voice input in response to the user 305 selecting a control that
causes the user device 304 to begin recording user speech, in response to the user 305 speaking a
phrase whose detection causes the user device 304 to obtain subsequent voice input from the user
305, or may otherwise determine to record the voice input of the user 305. A requirement to
provide specific input to trigger the recording of user speech can prevent the user device 304
from needlessly processing user speech, i.e., by reducing the amount of audio data that must be
processed, or from recording so much user speech as to infringe on the privacy of the user 303,
i.e., by only recording specific speech that the user 305 is directing to the user device 304.

[0080] In the example shown in FIG. 3, for instance, the user 305 may select a control on the
user device 304 to cause the user device 304 to begin recording voice input of the user 305, and
after the user 305 has selected the control, the user 305 may provide a voice input by saying
“play next.” The user device 304 may transmit the audio data corresponding to the voice input to

the voice action system 300 over one or more networks. Additionally, the user device 304 may
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determine context information for the user device 304 or applications operating on the user
device 304, and context information for the user device 304 may be transmitted to the voice
action system 300 over the one or more networks.

[0081] In some instances, the context information transmitted from the user device 304 to the
voice action system 300 includes specific information that is identified by information stored at
the user device 304. For example, the user device 304 can store information that indicates
specific status information to transmit to the voice action system 300 as context information.
The context information provided to the voice action system 300 by the user device 304 may
include a standardized body of context information, such that all user devices submit the same
context information to the voice action system 300, or the context information provided by the
user device 304 may be a specific set of context information designated for the user device 304.
In some implementations, the voice action system 300 may request certain context information
from the user device 304, and the context information transmitted by the user device may be
information provided to the voice action system 300 in response to the request. In still other
instances, information associated with applications installed on the user device 304, such as
application metadata, may specify context information to provide to the voice action system 300,
and the user device 304 may transmit context information to the voice action system 300 that
includes the information specified by the application information.

[0082] For example, in the example shown in FIG. 3, the context information transmitted from
the user device 304 to the voice action system 300 may include information indicating that a
media player application is currently operating in the foreground of the user device 304, that the
media player application is operating in an audio player mode, and that the current battery life of
the user device 304 is 50%.

[0083] The audio data transmitted by the user device 304 may be received by the speech
recognition engine 330 of the voice action system 300, and the speech recognition engine 330
may generate a transcription of the voice audio data. For example, as discussed with respect to
the speech recognition engine 130 of FIG. 1, the speech recognition engine 330 may be capable
of receiving the audio data and generating a transcription of the audio data corresponding to the
voice input of the user 305. After generating the transcription of the audio data, the speech

recognition engine 330 can provide the transcription to the matcher 350.
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[0084] In some implementations, in addition to receiving the audio data, the speech recognition
engine 330 may also receive context information provided to the voice action system 300 by the
user device 304. The speech recognition system 330 may bias speech recognition based on the
received context information. In some implementations, biasing speech recognition based on
context information may include adjusting probabilities that certain words are detected in audio
data. For instance, the speech recognition system 330 may adjust probabilities that certain words
are detected based on their relevance to a context indicated by the contextual information.

[0085] As an example, the speech recognition engine 330 may receive audio data corresponding
to the utterance “play next” as well as context information indicating that a media player
application is currently running in the foreground of the user device 304. The speech recognition
engine 330 may bias speech recognition based on the context information such that the speech
recognition engine 330 generates the transcription “play next” instead of the transcription
“planets,” based on the speech recognition engine 330 increasing a probability that the word
“play” or the phrase “play next” is detected in audio data, or decreasing a probability of the word
“planets” being detected, based on determining that those words have relevance or a lack of
relevance to the media player application that is running in the foreground of user device 304.
[0086] The context analysis engine 340 of the voice action system receives the context
information transmitted by the user device 304 and processes the context information to
determine a context of the user device 304 or applications operating on the user device 304.
Similar to the context analysis engine 140 of FIG. 1, the context analysis engine 340 of the voice
action system 300 can process received context information to determine portions of the received
context information that are relevant to identifying a voice action to trigger, or can process the
received context information to determine if there is other context information that is needed
from the user device 304 to identify a voice action to trigger. If additional context information is
needed to determine a voice action to perform, the context analysis engine 340 can request the
additional context information from the user device 304, such that the user device 304 can
respond to the request with the additional context information. In some implementations, the
context analysis engine 340 can modify the format of the received context information to
generate a context that can be used by the voice action system 300 in identifying a voice action
to trigger. The context analysis engine 340 provides processed context information to the

matcher 350.
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[0087] In the example shown in FIG. 3, for instance, the context analysis engine 340 receives the
context information from the user device 304. The received context information may indicate
that a media player application is running in the foreground of the user device 304, that the
media player application is operating in an audio player mode, and that the battery life of the user
device 304 is 50%. The context analysis engine 340 may determine that the battery life
information is not relevant to determining which voice action to trigger in response to the voice
input of the user 305, and so the context analysis engine 340 may provide a context to the
matcher 350 that indicates only that the media player application is operating in the foreground
of the user device 304 and is in an audio player mode.

[0088] The matcher 350 receives the context from the context analysis engine 340 and the
transcription from the speech recognition engine 330, and uses the received context and
transcription to identify one or more candidate voice actions to trigger. For example, the
matcher 350 may match the context received from the context analysis engine 340 against the
contexts associated with one or more intents that are included in the application voice action
database 310 and/or the OS voice action database 320. Based on determining that the received
context matches contexts associated with one or more of the intents, the matcher 350 may
identify those intents as candidate intents for triggering. After identifying candidate intents
based on matching the received context against the contexts associated with the candidate
intents, the matcher 350 may narrow the set of candidate intents by comparing the received
transcription against trigger phrases associated with the candidate intents. The matcher 350 may
provide information identifying the narrowed set of candidate intents to the action trigger builder
360.

[0089] In some instances, the matcher 350 may receive multiple candidate transcriptions of a
voice input, and may identify a narrowed set of candidate intents based on determining that each
of the candidate intents is associated with a context that matches the context received from the
context analysis engine 340 and one or more of the candidate transcriptions of the voice input
received from the speech recognition engine 330. For example, the speech recognition engine
330 may determine multiple candidate transcriptions for the voice input, and may provide
information indicating each of the candidate transcriptions to the matcher 350. The matcher 350

may then identify a narrowed set of candidate intents that each specify a context that is
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compatible with the context received by the matcher 350 that also specify a trigger phrase that
matches a candidate transcription of the voice input.

[0090] In the example shown in FIG. 3, the matcher 350 receives a context indicating that the
user device 304 has the media player operating in the foreground and in the audio player mode.
The matcher 350 also receives two transcriptions of the audio data, namely the transcriptions
“play next” and “planets.” The matcher 350 identifies candidate intents to fire based on this
information by comparing the received context and transcriptions to the context and trigger
phrases associated with intents stored at the application voice action database 310 and OS voice
action database 320. Based on the comparison, the matcher 350 identifies two candidate intents,
including an intent for a “play next” voice action that causes the media player application to skip
to a next song, and an intent for a “planets” voice action that causes an application called
“Planets” to open. The matcher 350 can provide information to the action trigger builder 360
that identifies the two candidate intents, or the matcher 350 can provide a copy of the candidate
intents to the action trigger builder 360.

[0091] The action trigger builder 360 receives information that indicates one or more candidate
intents to fire in response to the voice input and context information received from the user
device 304. The action trigger builder 360 generates action triggers for one or more particular
intents, where each action trigger comprises data that is capable of controlling the user device
304 to perform the voice action associated with the corresponding intent. In some
implementations, the action trigger builder 360 generates an action trigger for each candidate
intent identified by the matcher 350. In other implementations, the action trigger builder 360
may obtain an indication of a particular intent to trigger from among the candidate intents, and
may generate an action trigger only for the particular intent. In either implementation, the action
trigger builder 360 may generate an action trigger based on the information received from the
matcher 350 and information accessed at the application data database 370.

[0092] For example, the action trigger builder 360 may receive an intent for a candidate voice
action, and the action trigger builder 360 can access information at the application data database
370 that can cause the candidate voice action to be performed at the user device 304. For
example, the information accessed at the application data database 370 can include information
for performing or triggering the activity or actions associated with a voice action, such as

information about the user device 304, information about the application associated with the
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voice action, or information about an operating system running on the user device 304. The
action trigger builder 360 can use the accessed information as an action trigger for the candidate
voice action, or can used the accessed information to generate action trigger data that is capable
of triggering the actions or activities associated with the candidate voice action at the user device
304. In some implementations, the voice action system 300 may not include the action trigger
builder 360 or the application data database 370, such that an intent itself may be transmitted to
the user device 304 and information in the intent can cause the user device 304 to perform the
action or activity associated with the intent.

[0093] In the example shown in FIG. 3, the action trigger builder 360 may receive an intent for
the “play next” voice action for the media player application and an intent for the “planets” voice
action for opening the “Planets™ application. The action trigger builder 360 may generate action
triggers for each of the “play next” and “Planets” voice actions. To generate an action trigger for
the “play next” voice action, the action trigger builder 360 accesses information at the
application data database 370 that pertains to the media player application installed on the user
device 304, may access information that pertains to the user device 304 or a specific model of the
user device 304, or may access information that pertains to an operating system that is running
on the user device 304. The action trigger builder 360 uses the received intent and the
information accessed at the application data database 370 to generate an action trigger for the
“play next” voice action. Similarly, the action trigger builder 360 may generate an action trigger
for the “planets” voice action by accessing information relating to the “Planets” application, the
user device 304, or an operating system running on the user device 304, and may generate an
action trigger for the “planets” voice action based on the received and accessed information.
[0094] As discussed above, in some examples the matcher 350 may identify more than one
candidate intents to trigger, and in those instances it may be necessary to select a particular intent
to trigger from among the set of candidates. The disambiguation engine 380 can perform
operations to select or receive user input selecting from among the candidate intents. For
example, the disambiguation engine can output a request to the user device 304 that asks the user
304 to select a particular voice action from among the candidate voice action associated with the
candidate intents. In response to the request, the user 305 can provide input to the user device
304 to select a particular candidate voice action to perform. Information indicating the user

selection can be received by the disambiguation engine 380.
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[0095] Alternatively, the disambiguation engine 380 can have access to a user activity history
390 that includes information about previous voice actions submitted to the user device 304 or
other actions performed at the user device 304. For example, the user activity history 390 can
indicate a number of times that the user 305 has triggered a particular candidate voice action, the
number of times the user 305 has performed specific actions at the user device 304 with or
without using a voice action, or can include other information about the usage of the user device
304 by the user 305. In some instances, the user activity history 390 can include information that
indicates the usage history of users other than the user 305. For example, the user activity
history 390 can include information that indicates usage patterns of all users who have the media
player application and/or the “Planets” application installed on a user device.

[0096] In some implementations, the information in the user activity history 390 can be used
by the voice action system 300 to select from among candidate intents without requesting input
from the user 305. For example, the disambiguation engine 380 may access information at the
user activity history 390 that indicates that the user 305 has previously selected a particular
candidate voice action when providing a similar voice input, and based on that information, the
disambiguation engine 380 may select a particular candidate intent to trigger without requesting
input from the user 305. Similarly, the disambiguation engine 380 may determine that a certain
ratio or number of users who have provided a voice input similar to the voice input received
from the user 305 have elected to trigger a particular voice action, and the disambiguation engine
380 may select a particular candidate voice intent to trigger based on that information and
without requesting input from the user 305. In some implementations, each of the candidate
intents may have an associated score that indicates a strength of relationship between a particular
trigger phrase and the particular candidate intent. A particular candidate intent may be selected
based on the scores assigned to the candidate intents that indicates the strength of the relationship
between the candidate intent and a received trigger phrase.

[0097] Other factors may be considered or included in the user activity history 390 that is used in
selecting a candidate intent. For example, the voice action system 300 may track behavior at the
user device 304 after the voice action system triggers a certain candidate intent, to determine
whether the triggered intent appears to match the expectation of the user 305. For example, if
the user 305 takes operations to perform another action at the user device 304 after the voice

action system 300 triggers a certain voice action, that may indicate that the voice action system
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300 triggered the wrong candidate intent, and so the voice action system 300 may add
information to the user activity history 390 indicating that the received voice input should not
trigger or should be less likely to trigger the triggered intent. In other examples, the user activity
history 390 may include information that indicates how frequently the user 305 or other users
select a particular candidate intent for a given status of their user device, e.g., for a particular
status indicated in the context information provided to the voice action system 300. Other
information included in the user activity history 390 can be accessed by the disambiguation
engine 380 and used to select a particular candidate intent from a set of candidate intents.

[0098] For the example shown in FIG. 3, based on determining that the candidate intents for the
voice input provided by the user 305 include the intent for the “play next” voice action for the
media player application or the intent for the “planets” voice action for opening the “Planets
application,” the disambiguation engine 380 can provide information to the user device 305 that
requests a user selection of a particular candidate voice action. As shown, a request can be
output at a display of the user device 304 that requests the user 305 select either a “Next Song”
voice action, or a voice action to “Open ‘Planets’.” The user 305 provides an input at the user
device 304 to select the “Next Song” option. Data indicating the user selection is transmitted to
the disambiguation engine 380, and in receiving data indicating the user selection, the
disambiguation engine 380 determines to trigger the intent for the “play next” voice action. In
some examples, the disambiguation engine 380 may also store information at the user activity
history 390 indicating that the user 305 has elected to trigger the intent for the “play next” voice
action over the intent for the “planets” voice action. The disambiguation engine 380 may rely on
the information stored at the user activity history 390 to automatically determine a candidate
voice action to trigger if a similar voice input is later received by the voice action system 300
from the user device 304.

[0099] In an alternative implementation of the example shown in FIG. 3, the disambiguation
engine 380 may select a particular candidate intent to trigger based on accessing the user activity
history 390. For example, the user activity history 390 may indicate that the user 305 of the user
device 304 has previously provided a similar voice input and elected to trigger the intent for the
“next song” voice action. Based on the user activity history 390 indicating that the intent for the

“play next” voice action was previously triggered after receiving the similar voice input, the
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disambiguation engine 380 may determine to trigger the intent for the “play next” voice action
without requesting additional input from the user 305.

[00100] After a particular candidate intent has been selected, and, if necessary, an action
trigger for the selected candidate voice action has been generated, the voice action system 300
transmits information to the user device 304 that causes the selected voice action to be
performed. For example, the disambiguation engine 380 or another component of the voice
action system 300 can transmit the intent or action trigger data for the selected voice action to the
user device 304 to cause the user device 304 to perform the selected voice action.

[00101] In the example shown in FIG. 3, for instance, after the user 305 has selected the “next
song” option to select the “play next” voice action that causes the media player application to
skip to a next song, and after an action trigger has been generated that includes data for
controlling the media player application to skip to a next song, the disambiguation engine 380
can transmit the action trigger to the user device 304. The user device 304 can receive the action
trigger, and the action trigger can cause the user device 304 to perform the “play next” voice
action by causing the media player application to skip to a next song.

[00102] In some implementations, a notification indicating a triggered voice action may be
provided for output at the user device 304. For example, the voice action system 300 or an OS
of the user device 304 may cause a notification to be output at the user device 304 that identifies
the voice action that has been triggered. In some instances, the notification identifying the
triggered voice action may be provided in such a way that it is apparent to the user 305 that the
application associated with the triggered voice action is not responsible for detecting the voice
action or triggering the voice action. For example, a notification provided at the user device 304
may use a voice tone that is recognizable as being associated with the voice action system 300,
the user device 304, or an OS of the user device 304, and not the media player application
operating on the user device 304. In another example, a notification may be presented in a way
that distinguishes the system or application handling the voice input from the user 305 from the
application that is performing the triggered voice action. For example, a notification may state,
“You have triggered the ‘play next’ voice action. I will now have the media player application
skip to a next song,” thereby indicating to the user 305 that the media player application was not

responsible for processing the voice input.
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[00103] FIG. 4 depicts a flow chart for an example process 400 performed by a voice action
system. In some examples, the process 400 of FIG. 4 can be performed by the voice action
system 100 of FIG. 1, or by components of the voice action system 100 of FIG. 1. The process
400 describes a process by which an application developer can establish a new voice action for
an application that has been installed on one or more user devices, and by which a user of a user
device having the application installed can trigger the new voice action to cause operations
associated with the new voice action to be performed by the application on the user device.
[00104] Initially, data is received by a voice action system that specifies a new voice action for
a software application that is different from the voice action system, wherein the data comprises
one or more operations for performing the new voice action and one or more trigger terms for
triggering the new voice action (402). For example, an application developer 101a-101n
associated with the software application can submit data defining a new voice action to the voice
action system 100 using a terminal 102a-102n.

[00105] The data defining the new voice action can include data specifying one or more
operations for performing the new voice action and one or more trigger terms for triggering the
new voice action. For example, data defining a new voice action may specify the trigger term
“play next” and may specify that the new voice action should perform operations to cause a
media player application to skip to a next song. The data may also specify additional
information related to the new voice action, such as the application that the new voice action
pertains to, a context when the new voice action should be enabled for use by a user, or other
information. For example, the data defining the “play next” voice action may also specify that
the voice action pertains to the media player application, and may specify that the voice action
should be enabled when the media player application is operating in the foreground and is in an
audio player mode.

[00106] A contextual voice action intent for the software application is generated by the voice
action system based at least on the received data, wherein the contextual voice action intent
comprises data that, when received by the software application, requests that the software
application perform the one or more operations of the new voice action (404). For example, the
voice action system 100 of FIG. 1 may receive the data specifying the new voice action, and may
generate a contextual voice action intent for the new voice action based on the received data.

The voice action system 100 may store the contextual voice action intent in the application voice
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action database 110. In some implementations, the voice action system 100 may generate the
intent using a process similar to that described with respect to FIG. 2, by validating the received
data and inducting the received grammar to generate the contextual voice action intent. In some
implementations, the generated contextual voice action intent can store information that can
control the software application to perform the one or more operations for performing the new
voice action.

[00107] The contextual voice action intent is associated with the one or more trigger terms for
the new voice action by the voice action system (406). For example, after the contextual voice
action intent for the new voice action has been created by the voice action system 100, the voice
action system 100 can associate the contextual voice action intent for the new voice action with
the one or more trigger terms specified in the received data. The contextual voice action intent
having the associated one or more trigger terms can be stored at the application voice action
database 110. In some implementations, associating the one or more trigger terms with the
contextual voice action intent can involve specifying the one or more trigger terms in the
contextual voice action intent. In other implementations the association may be effected by
otherwise linking the one or more trigger terms with the contextual voice action intent, such that
receipt of one of the one or more trigger terms results in identification of the contextual voice
action intent.

[00108] The voice action system is configured to receive an indication of a user utterance
obtained by a device having the software application installed (408). For example, the voice
action system 100 may be configured to receive an indication that an utterance has been received
from the user device 104, where the utterance is obtained by the user device 104 as a voice input
from the user 105. The user device 104 can have the software application associated with the
new voice already installed, for example, the media player application discussed with respect to
FIG. 1.

[00109] The voice action system is configured to determine that a transcription of the user
utterance corresponds to the one or more trigger terms associated with the contextual voice
action intent (410). For example, the voice action system 100 may be configured to receive
audio data corresponding to the user utterance, and can generate a transcription of the user
utterance using the speech recognition engine 130 of the voice action system 100. The

transcription of the user utterance generated by the speech recognition engine 130 can be
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compared with trigger terms associated with multiple contextual voice action intents, including
the contextual voice action intent for the new voice action and contextual voice action intents for
other voice actions.

[00110] In some instances, the comparison may be performed by the voice action selector 150
of FIG. 1, where the voice action selector 150 can compare the transcription of the user utterance
against trigger terms for contextual voice action intents stored at the application voice action
database 110 or the OS voice action database 130. Based on the comparison, the voice action
selector 150 may determine that the transcription of the user utterance matches one or more of
the one or more trigger terms associated with the contextual voice action intent of the new voice
action. For example, the speech recognition engine 130 may generate a transcription for the user
utterance received from the user device 104 that reads “play next.” The voice action selector 150
may compare the “play next” voice action against trigger terms associated with candidate
contextual voice action intents to determine that the transcription matches the trigger phrase
“play next” associated with the contextual voice action intent for the new “play next” voice
action.

[00111] The voice action system is configured to provide the contextual voice action intent to
the particular device, thereby requesting that the software application installed on the particular
device perform the one or more operations of the new voice action (412). For example, in
response to determining that the transcription of the user utterance generated by the speech
recognition engine 130 of the voice action system 100 matches the one or more trigger terms
associated with the contextual voice action intent for the new voice action, the voice action
selector 150 can provide the contextual voice action intent for the new voice action to the user
device 104. The contextual voice action intent for the new voice action can effectively request
that the software application installed on the user device 104 perform the one or more operations
of the new voice action. For example, the contextual voice action intent may include data that
triggers the one or more operations associated with the new voice action upon the user device
104 receiving the contextual voice action intent.

[00112] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope

of the disclosure. For example, various forms of the flows shown above may be used, with steps
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re-ordered, added, or removed. Accordingly, other implementations are within the scope of the
following claims.

[00113] For instances in which the systems and/or methods discussed here may 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 collect personal
information, e.g., information about a user’s social network, social actions or activities,
profession, preferences, or current location, or to control whether and/or how the system and/or
methods can perform operations 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. For example, a user’s identity may be anonymized so that no personally
identifiable information can be determined for the user, or a user’s geographic location may be
generalized where location information is obtained, such as to a city, ZIP 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.

[00114] While the foregoing embodiments have been predominantly described with reference
to the development of voice actions for use with applications installed on user devices, the
described features may also be used with respect to machines, other devices, robots, or other
systems. For example, the voice action system 100 of FIG. 1 may be utilized to develop and
implement voice actions for interacting with machinery, where the machinery has an associated
computing system, may be used to develop and implement voice actions for interacting with a
robot or system having robotic components, may be used to develop and implement voice
actions for interacting with appliances, entertainment systems, or other devices, or may be used
to develop and implement voice actions for interacting with a vehicle or other transportation
system.

[00115] Embodiments and all of the functional operations described in this specification may
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. Embodiments may be implemented as one or more
computer program products, i.e., one or more modules of computer program instructions
encoded on a computer readable medium for execution by, or to control the operation of, data

processing apparatus. The computer readable medium may be a machine-readable storage
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device, a machine-readable storage substrate, a memory device, a composition of matter
effecting a machine-readable propagated signal, or a combination of one or more of them. The
term “data processing apparatus’ encompasses all apparatus, devices, and machines for
processing data, including by way of example a programmable processor, a computer, or
multiple processors or computers. The apparatus may include, in addition to hardware, code that
creates an execution environment for the computer program in question, e.g., code that
constitutes processor firmware, a protocol stack, a database management system, an operating
system, or a combination of one or more of them. A propagated signal is an artificially
generated signal, e.g., a machine-generated electrical, optical, or electromagnetic signal that is
generated to encode information for transmission to suitable receiver apparatus.

[00116] A computer program (also known as a program, software, software application, script,
or code) may be written in any form of programming language, including compiled or
interpreted languages, and it may be deployed in any form, including as a stand alone program or
as a module, component, subroutine, or other unit suitable for use in a computing environment.
A computer program does not necessarily correspond to a file in a file system. A program may
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 may be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[00117] The processes and logic flows described in this specification may be performed by one
or more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows may
also be performed by, and apparatus may also be implemented as, special purpose logic circuitry,
e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated
circuit).

[00118] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a

read only memory or a random access memory or both.
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[00119] The essential elements of a computer are a processor for performing instructions and
one or more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or more
mass storage devices for storing data, e.g., magnetic, magneto optical disks, or optical disks.
However, a computer need not have such devices. Moreover, a computer may be embedded in
another device, e.g., a tablet computer, a mobile telephone, a personal digital assistant (PDA), a
mobile audio player, a Global Positioning System (GPS) receiver, to name just a few. Computer
readable media 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 may be supplemented by, or incorporated in, special
purpose logic circuitry.

[00120] To provide for interaction with a user, embodiments may be implemented on a
computer having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display)
monitor, for displaying information to the user and a keyboard and a pointing device, e.g., a
mouse or a trackball, by which the user may provide input to the computer. Other kinds of
devices may be used to provide for interaction with a user as well; for example, feedback
provided to the user may be any form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user may be received in any form, including
acoustic, speech, or tactile input.

[00121] Embodiments may be implemented in a computing system that includes a back end
component, e.g., as a data server, or that includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client computer having a graphical user
interface or a Web browser through which a user may interact with an implementation, or any
combination of one or more such back end, middleware, or front end components. The
components of the system may be interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples of communication networks include
a local area network (“LLAN”) and a wide area network (“WAN"), e.g., the Internet.

[00122] The computing system may include clients and servers. A client and server are

generally remote from each other and typically interact through a communication network. The
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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.
[00123] While this specification contains many specifics, these should not be construed as
limitations on the scope of the disclosure or of what may be claimed, but rather as descriptions of
features specific to particular embodiments. Certain features that are described in this
specification in the context of separate embodiments may also be implemented in combination in
a single embodiment. Conversely, various features that are described in the context of a single
embodiment may also be implemented in multiple embodiments separately or in any suitable
subcombination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination may in some cases be excised from the combination, and the claimed combination
may be directed to a subcombination or variation of a subcombination.
[00124] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation of various system components in the embodiments described above
should not be understood as requiring such separation in all embodiments, and it should be
understood that the described program components and systems may generally be integrated
together in a single software product or packaged into multiple software products.
[00125] In each instance where an HTML file is mentioned, other file types or formats may be
substituted. For instance, an HTML file may be replaced by an XML, JSON, plain text, or other
types of files. Moreover, where a table or hash table is mentioned, other data structures (such as
spreadsheets, relational databases, or structured files) may be used.
[00126] Further implementations are summarized in the following examples:
[00127] Example 1: A computer-implemented method comprising:

receiving, by a voice action system, data specifying a new voice action for a software
application different from said voice action system, the data comprising one or more operations
for performing the new voice action and one or more trigger terms for triggering the new voice

action;
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generating, by the voice action system, a contextual voice action intent for the software
application based at least on the received data, wherein the contextual voice action intent
comprises data that, when received by the software application, requests that the software
application perform the one or more operations of the new voice action;

associating, by the voice action system, the contextual voice action intent with the one or
more trigger terms for the new voice action;

wherein the voice action system is configured to:

receive an indication of a user utterance obtained by a device having the software
application installed,

determine that a transcription of the user utterance corresponds to the one or more trigger
terms associated with the contextual voice action intent; and

in response to the determination, provide , to the device, the contextual voice action intent,
thereby requesting that the software application installed on the device perform the one or more
operations of the new voice action.
[00128] Example 2: The computer-implemented method of example 1, wherein the received data
specifies a context, the context specifying a status of a device or of the software application
when the new voice action is enabled.
[00129] Example 3: The computer-implemented method of example 2, wherein the context
specifies that the software application is operating in the foreground of a device on which the
software application is installed.
[00130] Example 4: The computer-implemented method of example 2, wherein the context
specifies that the software application is operating in the background of a device on which the
software application is installed.
[00131] Example 5: The computer-implemented method of example 2, wherein the context
specifies that the software application is performing a specific activity.
[00132] Example 6: The computer-implemented method of example 2, wherein the context
specifies that a specific activity that the software application is performing is in a particular
activity state.
[00133] Example 7: The computer-implemented method of one of examples 2 to 6, comprising:

associating the contextual voice action intent with the context for the new voice action;
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receiving, by the voice action system, context information indicating a status of a particular
device having the software application installed or of the software application installed on the
particular device;

determining that the context information satisfies the context for the new voice action; and

in response to determining that a transcription of a user utterance obtained by the particular
device corresponds to the one or more trigger terms associated with the contextual voice action
intent and that the context information satisfies the context associated with the contextual voice
action intent, providing, by the voice action system to the particular device, the contextual voice
action intent, thereby requesting that the software application installed on the particular device
perform the one or more operations of the new voice action.
[00134] Example 8: The computer-implemented method of example 7, wherein receiving the
context information indicating the status of the particular device or of the software application
installed on the particular device comprises:

providing, by the voice action system to the particular device, a request for particular context
information; and

receiving the particular context information in response to the request.
[00135] Example 9: The computer-implemented method of one of examples 7 or §, comprising:

determining that the context information satisfies a context for a second voice action, and
that the transcription of the user utterance corresponds to the one or more trigger terms that are
associated with an intent for the second voice action, where the intent for the second voice action
specifies one or more operations for performing the second voice action;

in response to the determination, selecting a voice action from among the new voice action
and the second voice action; and

providing, by the voice action system to the particular device, the intent associated with the
selected voice action, thereby requesting that the software application installed on the particular
device perform the one or more operations of the selected voice action.
[00136] Example 10: The computer-implemented method of example 9, wherein selecting the
selected voice action from among the new voice action and the second voice action comprises
selecting the selected voice action in response to receiving data indicating a user selection of one

of the new voice action or the second voice action.
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[00137] Example 11: The computer-implemented method of example 9 or 10, wherein selecting
the selected voice action from among the new voice action and the second voice action
comprises:

assigning a score to each of the new voice action and the second voice action; and

selecting the selected voice action based at least on the score assigned to each of the new
voice action and the second voice action.
[00138] Example 12: The computer-implemented method of one of examples 9 to 11, wherein
selecting the selected voice action from among the new voice action and the second voice action
comprises selecting the selected voice action in response to determining that the software
application associated with the selected voice action is operating in the foreground.
[00139] Example 13: The computer-implemented method of one of examples 1 to 12, wherein
generating the contextual voice action intent for the software application comprises determining
that the one or more operations of the new voice action are capable of being performed by the
software application.
[00140] Example 14: The computer-implemented method of one of examples 1 to 13,
comprising:

determining that a transcription of a user utterance obtained by a particular device having the
software application installed is similar to the one or more trigger terms associated with the
contextual voice action intent;

in response to the determination, providing, by the voice action system to the particular
device, data indicating a request for user input that confirms whether the user utterance specified
the one or more trigger terms or was intended to cause the software application to perform the
new voice action;

in response to the request, receiving, by the voice action system and from the particular
device, data indicating a confirmation; and

in response to receiving the data indicating the confirmation, providing, by the voice action
system to the particular device, the contextual voice action intent, thereby requesting that the
software application installed on the particular device perform the one or more operations of the
new voice action.
[00141] Example 15: The computer-implemented method of one of examples 1 to 14,

comprising:
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receiving, by the voice action system from a developer associated with the software
application, a request to deploy the new voice action for the software application; and

in response to the request, deploying the new voice action for the software application in
response to the request, wherein deploying the new voice action for the software application
enables the new voice action for the software application.
[00142] Example 16: The computer-implemented method of one of examples 1 to 15,
comprising:

receiving, by the voice action system from a developer associated with the software
application, a request to rescind deployment of the new voice action for the software application;
and

in response to the request, rescinding deployment of the new voice action for the software
application in response to the request, wherein rescinding deploying of the new voice action for
the software application disables the new voice action for the software application.
[00143] Example 17: The computer-implemented method of one of examples 1 to 16,
comprising:

receiving, by the voice action system from a developer associated with the software
application, a request to enable testing of the new voice action, wherein the request specifies one
or more devices for which the new voice action should be enabled; and

in response to the request, enabling the new voice action for the one or more specified
devices, wherein the new voice action is disabled for devices that are not included in the
specified devices.
[00144] Example 18: The computer-implemented method of one of examples 1 to 17,
comprising:

receiving, by the voice action system, an indication of a user utterance obtained by a
particular device having the software application installed;

determining, by the voice action system, that a transcription of the user utterance
corresponds to the one or more trigger terms associated with the contextual voice action intent;
and

in response to the determination, providing, by the voice action system to the particular
device, the contextual voice action intent, thereby requesting that the software application

installed on the particular device perform the one or more operations of the new voice action.
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[00145] Example 19: A non-transitory computer-readable storage device storing software
comprising instructions executable by one or more computers which, upon such execution, cause
the one or more computers to perform operations comprising the steps of examples 1 to 18.
[00146] Methods, systems, and apparatus for receiving, by a voice action system, data
specifying a new voice action for an application different from the voice action system have been
described. A voice action intent for the application is generated based at least on the data,
wherein the voice action intent comprises data that, when received by the application, requests
that the application perform one or more operations specified for the new voice action. The
voice action intent is associated with trigger terms specified for the new voice action. The voice
action system is configured to receive an indication of a user utterance obtained by a device
having the application installed, and determines that a transcription of the user utterance
corresponds to the trigger terms associated with the voice action intent. In response to the
determination, the voice action system provides the voice action intent to the device.

[00147] Thus, particular embodiments have been described. Other embodiments are within the
scope of the following claims. For example, the actions recited in the claims may be performed

in a different order and still achieve desirable results.
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CLAIMS

l. A computer-implemented method comprising:
receiving, by a voice action system, data specifying a new voice action for a software
application different from said voice action system, the data comprising one or more operations
for performing the new voice action and one or more trigger terms for triggering the new voice
action;
generating, by the voice action system, a contextual voice action intent for the software
application based at least on the received data, wherein the contextual voice action intent
comprises data that, when received by the software application, requests that the software
application perform the one or more operations of the new voice action;
associating, by the voice action system, the contextual voice action intent with the one or
more trigger terms for the new voice action;
wherein the voice action system is configured to:
receive an indication of a user utterance obtained by a device having the software
application installed,
determine that a transcription of the user utterance corresponds to the one or more
trigger terms associated with the contextual voice action intent; and
in response to the determination, provide , to the device, the contextual voice
action intent, thereby requesting that the software application installed on the device perform the

one or more operations of the new voice action.

2. The computer-implemented method of claim 1, wherein the received data specifies a
context, the context specifying a status of a device or of the software application when the new

voice action is enabled.
3. The computer-implemented method of claim 2, wherein the context specifies that the

software application is operating in the foreground of a device on which the software application

is installed.
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4. The computer-implemented method of claim 2, wherein the context specifies that the
software application is operating in the background of a device on which the software application

is installed.

5. The computer-implemented method of claim 2, wherein the context specifies that the

software application is performing a specific activity.

6. The computer-implemented method of claim 2, wherein the context specifies that a

specific activity that the software application is performing is in a particular activity state.

7. The computer-implemented method of any one of claims 2 to 6, comprising:

associating the contextual voice action intent with the context for the new voice action;

receiving, by the voice action system, context information indicating a status of a
particular device having the software application installed or of the software application installed
on the particular device;

determining that the context information satisfies the context for the new voice action;
and

in response to determining that a transcription of a user utterance obtained by the
particular device corresponds to the one or more trigger terms associated with the contextual
voice action intent and that the context information satisfies the context associated with the
contextual voice action intent, providing, by the voice action system to the particular device, the
contextual voice action intent, thereby requesting that the software application installed on the

particular device perform the one or more operations of the new voice action.

8. The computer-implemented method of claim 7, wherein receiving the context
information indicating the status of the particular device or of the software application installed
on the particular device comprises:

providing, by the voice action system to the particular device, a request for particular context
information; and

receiving the particular context information in response to the request.
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9. The computer-implemented method of claim 7 or claim 8, comprising:

determining that the context information satisfies a context for a second voice action, and
that the transcription of the user utterance corresponds to the one or more trigger terms that are
associated with an intent for the second voice action, where the intent for the second voice action
specifies one or more operations for performing the second voice action;

in response to the determination, selecting a voice action from among the new voice
action and the second voice action; and

providing, by the voice action system to the particular device, the intent associated with
the selected voice action, thereby requesting that the software application installed on the

particular device perform the one or more operations of the selected voice action.

10. The computer-implemented method of claim 9, wherein selecting the selected voice
action from among the new voice action and the second voice action comprises selecting the
selected voice action in response to receiving data indicating a user selection of one of the new

voice action or the second voice action.

11. The computer-implemented method of claim 9 or claim 10, wherein selecting the selected
voice action from among the new voice action and the second voice action comprises:
assigning a score to each of the new voice action and the second voice action; and
selecting the selected voice action based at least on the score assigned to each of the new

voice action and the second voice action.

12. The computer-implemented method of any one of claims 9 to 11, wherein selecting the
selected voice action from among the new voice action and the second voice action comprises
selecting the selected voice action in response to determining that the software application

associated with the selected voice action is operating in the foreground.

13. The computer-implemented method of any one of claims 1 to 12, wherein generating the
contextual voice action intent for the software application comprises determining that the one or
more operations of the new voice action are capable of being performed by the software

application.
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14. The computer-implemented method of any one of claims 1 to 13, comprising:

determining that a transcription of a user utterance obtained by a particular device having
the software application installed is similar to the one or more trigger terms associated with the
contextual voice action intent;

in response to the determination, providing, by the voice action system to the particular
device, data indicating a request for user input that confirms whether the user utterance specified
the one or more trigger terms or was intended to cause the software application to perform the
new voice action;

in response to the request, receiving, by the voice action system and from the particular
device, data indicating a confirmation; and

in response to receiving the data indicating the confirmation, providing, by the voice
action system to the particular device, the contextual voice action intent, thereby requesting that
the software application installed on the particular device perform the one or more operations of

the new voice action.

15. The computer-implemented method of any one of claims 1 to 14, comprising:
receiving, by the voice action system from a developer associated with the software
application, a request to deploy the new voice action for the software application; and
in response to the request, deploying the new voice action for the software application in
response to the request, wherein deploying the new voice action for the software application

enables the new voice action for the software application.

16. The computer-implemented method of any one of claims 1 to 14, comprising:
receiving, by the voice action system from a developer associated with the software
application, a request to rescind deployment of the new voice action for the software application;
and
in response to the request, rescinding deployment of the new voice action for the software
application in response to the request, wherein rescinding deploying of the new voice action for

the software application disables the new voice action for the software application.
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17. The computer-implemented method of any one of claims 1 to 14, comprising:
receiving, by the voice action system from a developer associated with the software
application, a request to enable testing of the new voice action, wherein the request specifies one
or more devices for which the new voice action should be enabled; and
in response to the request, enabling the new voice action for the one or more specified
devices, wherein the new voice action is disabled for devices that are not included in the

specified devices.

18. The computer-implemented method of any one of claims 1 to 17, comprising:

receiving, by the voice action system, an indication of a user utterance obtained by a
particular device having the software application installed;

determining, by the voice action system, that a transcription of the user utterance
corresponds to the one or more trigger terms associated with the contextual voice action intent;
and

in response to the determination, providing, by the voice action system to the particular
device, the contextual voice action intent, thereby requesting that the software application

installed on the particular device perform the one or more operations of the new voice action.

19. A system comprising:
one or more computers and one or more storage devices storing instructions that are

operable, when executed by the one or more computers, to cause the one or more computers to
perform operations comprising:

receiving, by a voice action system, data specifying a new voice action for a
software application different from said voice action system, the data comprising one or more
operations for performing the new voice action and one or more trigger terms for triggering the
new voice action;

generating, by the voice action system, a contextual voice action intent for the
software application based at least on the received data, wherein the contextual voice action
intent comprises data that, when received by the software application, requests that the software

application perform the one or more operations of the new voice action;
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associating, by the voice action system, the contextual voice action intent with the one or
more trigger terms for the new voice action;
wherein the voice action system is configured to:

receive an indication of a user utterance obtained by a device having the
software application installed,

determine that a transcription of the user utterance corresponds to the one
or more trigger terms associated with the contextual voice action intent; and

in response to the determination, provide, to the device, the contextual
voice action intent, thereby requesting that the software application installed on the device

perform the one or more operations of the new voice action.

20. The system of claim 19, wherein the received data specifies a context, the context
specifying a status of a device or of the software application when the new voice action is

enabled.

21. A non-transitory computer-readable storage device storing software comprising
instructions executable by one or more computers which, upon such execution, cause the one or
more computers to perform operations comprising:

receiving, by a voice action system, data specifying a new voice action for a software
application different from said voice action system, the data comprising one or more operations
for performing the new voice action and one or more trigger terms for triggering the new voice
action;

generating, by the voice action system, a contextual voice action intent for the software
application based at least on the received data, wherein the contextual voice action intent
comprises data that, when received by the software application, requests that the software
application perform the one or more operations of the new voice action;

associating, by the voice action system, the contextual voice action intent with the one or
more trigger terms for the new voice action;

wherein the voice action system is configured to:

receive an indication of a user utterance obtained by a device having the software

application installed;
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determine that a transcription of the user utterance corresponds to the one or more trigger
terms associated with the contextual voice action intent; and

in response to the determination, provide, to the device, the contextual voice action
intent, thereby requesting that the software application installed on the device perform the one or

more operations of the new voice action.
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