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A virtual assistant uses context information to supplement
natural language or gestural input from a user. Context helps
to clarify the user’s intent and to reduce the number of can-
didate interpretations of the user’s input, and reduces the need
for the user to provide excessive clarification input. Context
can include any available information that is usable by the
assistant to supplement explicit user input to constrain an
information-processing problem and/or to personalize
results. Context can be used to constrain solutions during
various phases of processing, including, for example, speech
recognition, natural language processing, task flow process-
ing, and dialog generation.
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USING CONTEXT INFORMATION TO
FACILITATE PROCESSING OF COMMANDS
IN A VIRTUAL ASSISTANT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority as a continuation-
in-part of U.S. application Ser. No. 12/479,477, entitled
“Contextual Voice Commands”, attorney docket number
P7393US1, filed Jun. 5, 2009, the entire disclosure of which
is incorporated herein by reference.

[0002] This application further claims priority as a continu-
ation-in-part of U.S. application Ser. No. 12/987,982, entitled
“Intelligent Automated Assistant”, attorney docket number
P10575U8S1, filed Jan. 10, 2011, the entire disclosure of
which is incorporated herein by reference.

[0003] U.S. application Ser. No. 12/987,982 claims priority
from U.S. Provisional Patent Application Ser. No. 61/295,
774, entitled “Intelligent Automated Assistant”, attorney
docket number SIRIPOO3P, filed Jan. 18, 2010, the entire
disclosure of which is incorporated herein by reference.
[0004] This application further claims priority from U.S.
Provisional Application Ser. No. 61/493,201, entitled “Gen-
erating and Processing Data Items That Represent Tasks to
Perform”, attorney docket number P11337P1, filed Jun. 3,
2011, the entire disclosure of which is incorporated herein by
reference.

[0005] This application is related to U.S. application Ser.
No. , entitled “Generating and Processing Task [tems
that Represent Tasks to Perform™, attorney docket number
P11337US1, filed on the same date as the present application,
the entire disclosure of which is incorporated herein by ref-
erence.

[0006] This application is related to U.S. application Ser.
No. , entitled “Automatically Adapting User Inter-
faces for Hands-Free Interaction”, attorney docket number
P11357US1, filed on the same date as the present application,
the entire disclosure of which is incorporated herein by ref-
erence.

FIELD OF THE INVENTION

[0007] The present invention relates to virtual assistants,
and more specifically to mechanisms for improving interpre-
tation and processing of commands provided to such an assis-
tant.

BACKGROUND OF THE INVENTION

[0008] Today’s electronic devices are able to access a large,
growing, and diverse quantity of functions, services, and
information, both via the Internet and from other sources.
Functionality for such devices is increasing rapidly, as many
consumer devices, smartphones, tablet computers, and the
like, are able to run software applications to perform various
tasks and provide different types of information. Often, each
application, function, website, or feature has its own user
interface and its own operational paradigms, many of which
can be burdensome to learn or overwhelming for users. In
addition, many users may have difficulty even discovering
what functionality and/or information is available on their
electronic devices or on various websites; thus, such users
may become frustrated or overwhelmed, or may simply be
unable to use the resources available to them in an effective
manner.

Oct. 18,2012

[0009] In particular, novice users, or individuals who are
impaired or disabled in some manner, and/or are elderly, busy,
distracted, and/or operating a vehicle may have difficulty
interfacing with their electronic devices effectively, and/or
engaging online services effectively. Such users are particu-
larly likely to have difficulty with the large number of diverse
and inconsistent functions, applications, and websites that
may be available for their use.

[0010] Accordingly, existing systems are often difficult to
use and to navigate, and often present users with inconsistent
and overwhelming interfaces that often prevent the users from
making effective use of the technology.

[0011] An intelligent automated assistant, also referred to
herein as a virtual assistant, can provide an improved inter-
face between human and computer. Such an assistant, which
may be implemented as described in related U.S. application
Ser. No. 12/987,982 for “Intelligent Automated Assistant”,
attorney docket number P10575US1, filed Jan. 10, 2011, the
entire disclosure of which is incorporated herein by reference,
allows users to interact with a device or system using natural
language, in spoken and/or text forms. Such an assistant
interprets user inputs, operationalizes the user’s intent into
tasks and parameters to those tasks, executes services to sup-
port those tasks, and produces output that is intelligible to the
user.

[0012] A virtual assistant can draw on any of a number of
sources of information to process user input, including for
example knowledge bases, models, and/or data. In many
cases, the user’s input alone is not sufficient to clearly define
the user’s intent and task to be performed. This could be due
to noise in the input stream, individual differences among
users, and/or the inherent ambiguity of natural language. For
example, the user of a text messaging application on a phone
might invoke a virtual assistant and speak the command “call
her”. While such a command is perfectly reasonable English,
it is not a precise, executable statement, since there are many
interpretations and possible solutions to this request. Thus,
without further information, a virtual assistant may not be
able to correctly interpret and process such input. Ambiguity
of this type can lead to errors, incorrect actions being per-
formed, and/or excessively burdening the user with requests
to clarify input.

SUMMARY

[0013] According to various embodiments of the present
invention, a virtual assistant uses context information (also
referred to herein as “context”) to supplement natural lan-
guage or gestural input from a user. This helps to clarify the
user’s intent and to reduce the number of candidate interpre-
tations of the user’s input, and reduces the need for the user to
provide excessive clarification input. Context can include any
available information that is usable by the assistant to supple-
ment explicit user input to constrain an information-process-
ing problem and/or to personalize results. For example, if
input from the user includes a pronoun (such as “her” in the
command “call her”) the virtual assistant can use context to
infer the referent of the pronoun, for example to ascertain the
identity of the person to be called and/or the telephone num-
ber to use. Other uses of context are described herein.

[0014] According to various embodiments of the present
invention, any of a number of mechanisms can be imple-
mented for acquiring and applying contextual information to
perform computations in a virtual assistant implemented on
an electronic device. In various embodiments, the virtual
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assistant is an intelligent automated assistant as described in
U.S. application Ser. No. 12/987,982 for “Intelligent Auto-
mated Assistant”, attorney docket number P10575US1, filed
Jan. 10, 2011, the entire disclosure of which is incorporated
herein by reference. Such an assistant engages with the user in
an integrated, conversational manner using natural language
dialog, and invokes external services when appropriate to
obtain information or perform various actions. According to
the techniques described herein, contextual information is
used in such an assistant, for example, to reduce ambiguity
when performing information processing functions such as
speech recognition, natural language processing, task flow
processing, and dialog generation.

[0015] According to various embodiments of the present
invention, a virtual assistant may be configured, designed,
and/or operable to use context in performing various different
types of operations, functionalities, and/or features, and/or to
combine a plurality of features, operations, and applications
of an electronic device on which it is installed. In some
embodiments, a virtual assistant of the present invention can
use context when performing any or all of: actively eliciting
input from a user, interpreting user intent, disambiguating
among competing interpretations, requesting and receiving
clarifying information as needed, and/or performing (or ini-
tiating) actions based on the discerned intent.

[0016] Actions can be performed, for example, by activat-
ing and/or interfacing with any applications or services that
may be available on an electronic device, as well as services
that are available over an electronic network such as the
Internet. In various embodiments, such activation of external
services can be performed via application programming
interfaces (APIs) or by any other suitable mechanism. In this
manner, a virtual assistant implemented according to various
embodiments of the present invention can unify, simplify, and
improve the user’s experience with respect to many different
applications and functions of an electronic device, and with
respectto services that may be available over the Internet. The
user can thereby be relieved of the burden of learning what
functionality may be available on the device and on web-
connected services, how to interface with such services to get
what he or she wants, and how to interpret the output received
from such services; rather, the assistant of the present inven-
tion can act as a go-between between the user and such
diverse services.

[0017] In addition, in various embodiments, the virtual
assistant of the present invention provides a conversational
interface that the user may find more intuitive and less bur-
densome than conventional graphical user interfaces. The
user can engage in a form of conversational dialog with the
assistant using any of a number of available input and output
mechanisms, such as for example speech, graphical user
interfaces (buttons and links), text entry, and the like. The
system can be implemented using any of a number of differ-
ent platforms, such as device APIs, the web, email, and the
like, or any combination thereof. Requests for additional
input can be presented to the user in the context of such a
conversation. Short and long term memory can be engaged so
that user input can be interpreted in proper context given
previous events and communications within a given session,
as well as historical and profile information about the user.

[0018] In addition, in various embodiments, context infor-
mation derived from user interaction with a feature, opera-
tion, or application on a device can be used to streamline the
operation of other features, operations, or applications on the

Oct. 18,2012

device or on other devices. For example, the virtual assistant
can use the context of a phone call (such as the person called)
to streamline the initiation of a text message (for example to
determine that the text message should be sent to the same
person, without the user having to explicitly specify the
recipient of the text message). The virtual assistant of the
present invention can thereby interpret instructions such as
“send him a text message”, wherein the “him” is interpreted
according to context information derived from a current
phone call, and/or from any feature, operation, or application
on the device. In various embodiments, the virtual assistant
takes into account various types of available context data to
determine which address book contact to use, which contact
data to use, which telephone number to use for the contact,
and the like, so that the user need not re-specify such infor-
mation manually.

[0019] Contextual information sources include, for
example and without limitation: the current state of a device
used as an interface to the assistant, such as the current time,
location, application, or data object; personal data such as a
user’s address book, calendar, and application usage history;
and the state of the dialog between the user and the virtual
assistant, such as recently mentioned people and/or places.

[0020] Context can be applied to a variety of computations
and inferences in the operation of the virtual assistant. For
example, context can be used to reduce ambiguity or other-
wise constrain the number of solutions as user input is pro-
cessed. Context can thus be used to constrain the solutions
during various phases of processing, including for example
and without limitation:

[0021] Speech Recognition—receiving voice input and
generating candidate interpretations in text, for
example, “call her”, “collar”, and “call Herb”. Context
can be used to constrain which words and phrases are
considered by a speech recognition module, how they
are ranked, and which are accepted as above a threshold
for consideration. For example, the user’s address book
can add personal names to an otherwise language-gen-
eral model of speech, so that these names can be recog-
nized and given priority.

[0022] Natural Language Processing (NLP)—parsing
text and associating the words with syntactic and seman-
tic roles, for example, determining that the user input is
about making a phone call to a person referred to by the
pronoun “her”, and finding a specific data representation
for this person. For example, the context of a text mes-
saging application can help constrain the interpretation
of “her” to mean “the person with whom I am conversing
in text.”

[0023] Task Flow Processing—identifying a user task,
task steps, and task parameters used to assist with the
task, for example, which phone number to use for the
person referred to as “her”. Again, the context of the text
messaging application can constrain the interpretation
of the phone number to indicate that the system should
use the number currently or recently used for a text
messaging conversation.

[0024] Dialog  Generation—generating  assistant
responses as part of a conversation with the user about
their task, for example, to paraphrase the user’s intent
with the response “OK, I’1l call Rebecca on her mobile .
.. 7 The level of verbosity and informal tone are choices
that can be guided by contextual information.

Petitioner Exhibit 1008, Page 35 of 58



US 2012/0265528 Al

[0025] In various embodiments, the virtual assistant of the
present invention can control various features and operations
of'an electronic device. For example, the virtual assistant can
call services that interface with functionality and applications
on a device via APIs or by other means, to perform functions
and operations that might otherwise be initiated using a con-
ventional user interface on the device. Such functions and
operations may include, for example, setting an alarm, mak-
ing atelephone call, sending a text message or email message,
adding a calendar event, and the like. Such functions and
operations may be performed as add-on functions in the con-
text of a conversational dialog between a user and the assis-
tant. Such functions and operations can be specified by the
user in the context of such a dialog, or they may be automati-
cally performed based on the context of the dialog. One
skilled in the art will recognize that the assistant can thereby
be used as a control mechanism for initiating and controlling
various operations on the electronic device, which may be
used as an alternative to conventional mechanisms such as
buttons or graphical user interfaces. As described herein,
contextual information can be used to inform and improve on
such use of the virtual assistant as a control mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings illustrate several
embodiments of the invention and, together with the descrip-
tion, serve to explain the principles of the invention according
to the embodiments. One skilled in the art will recognize that
the particular embodiments illustrated in the drawings are
merely exemplary, and are not intended to limit the scope of
the present invention.

[0027] FIG. 1 is a block diagram depicting a virtual assis-
tant and some examples of sources of context that can influ-
ence its operation according to one embodiment.

[0028] FIG. 2 is a flow diagram depicting a method for
using context at various stages of processing in a virtual
assistant, according to one embodiment.

[0029] FIG. 3 is a flow diagram depicting a method for
using context in speech elicitation and interpretation, accord-
ing to one embodiment.

[0030] FIG. 4 is a flow diagram depicting a method for
using context in natural language processing, according to
one embodiment.

[0031] FIG. 5 is a flow diagram depicting a method for
using context in task flow processing, according to one
embodiment.

[0032] FIG. 6 is a block diagram depicting an example of
sources of context distributed between a client and server,
according to one embodiment.

[0033] FIGS. 7a through 74 are event diagrams depicting
examples of mechanisms for obtaining and coordinating con-
text information according to various embodiments.

[0034] FIGS. 8a through 84 depict examples of various
representations of context information as can be used in con-
nection with various embodiments of the present invention.
[0035] FIG. 9 depicts an example of a configuration table
specifying communication and caching policies for various
contextual information sources, according to one embodi-
ment.

[0036] FIG.10 is an event diagram depicting an example of
accessing the context information sources configured in FIG.
9 during the processing of an interaction sequence, according
to one embodiment.

Oct. 18,2012

[0037] FIGS. 11 through 13 are a series of screen shots
depicting an example of the use of application context in a text
messaging domain to derive a referent for a pronoun, accord-
ing to one embodiment.

[0038] FIG. 14 is a screen shotillustrating a virtual assistant
prompting for name disambiguation, according to one
embodiment.

[0039] FIG.15is a screen shotillustrating a virtual assistant
using dialog context to infer the location for a command,
according to one embodiment.

[0040] FIG. 16 is a screen shot depicting an example of the
use of a telephone favorites list as a source of context, accord-
ing to one embodiment.

[0041] FIGS. 17 through 20 are a series of screen shots
depicting an example of the use of current application context
to interpret and operationalize a command, according to one
embodiment.

[0042] FIG. 21 is a screen shot depicting an example of the
use of current application context to interpret a command that
invokes a different application.

[0043] FIGS. 22 through 24 are a series of screen shots
depicting an example of the use of event context in the form
of'an incoming text message, according to one embodiment.
[0044] FIGS. 25A and 25B are a series of screen shots
depicting an example of the use of prior dialog context,
according to one embodiment.

[0045] FIGS. 26A and 26B are screen shots depicting an
example of a user interface for selecting among candidate
interpretations, according to one embodiment.

[0046] FIG. 27 is a block diagram depicting an example of
one embodiment of a virtual assistant system.

[0047] FIG. 28 is a block diagram depicting a computing
device suitable for implementing at least a portion of a virtual
assistant according to at least one embodiment.

[0048] FIG. 29 is a block diagram depicting an architecture
for implementing at least a portion of a virtual assistant on a
standalone computing system, according to at least one
embodiment.

[0049] FIG. 30 is a block diagram depicting an architecture
for implementing at least a portion of a virtual assistant on a
distributed computing network, according to at least one
embodiment.

[0050] FIG. 31isablock diagram depicting a system archi-
tecture illustrating several different types of clients and
modes of operation.

[0051] FIG. 32 is a block diagram depicting a client and a
server, which communicate with each other to implement the
present invention according to one embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0052] According to various embodiments of the present
invention, a variety of contextual information is acquired and
applied to perform information processing functions in sup-
port ofthe operations of a virtual assistant. For purposes of the
description, the term “virtual assistant” is equivalent to the
term “intelligent automated assistant”, both referring to any
information processing system that performs one or more of
the functions of:
[0053] interpreting human language input, in spoken
and/or text form;
[0054] operationalizing a representation of user intent
into a form that can be executed, such as a representation
of a task with steps and/or parameters;
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[0055] executing task representations, by invoking pro-
grams, methods, services, APIs, or the like; and
[0056] generating output responses to the user in lan-
guage and/or graphical form.

[0057] Anexampleofsuchavirtual assistantis described in
related U.S. Utility application Ser. No. 12/987,982 for
“Intelligent Automated Assistant”, attorney docket number
P10575U8S1, filed Jan. 10, 2011, the entire disclosure of
which is incorporated herein by reference.
[0058] Various techniques will now be described in detail
with reference to example embodiments as illustrated in the
accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a
thorough understanding of one or more aspects and/or fea-
tures described or reference herein. It will be apparent, how-
ever, to one skilled in the art, that one or more aspects and/or
features described or reference herein may be practiced with-
out some or all of these specific details. In other instances,
well known process steps and/or structures have not been
described in detail in order to not obscure some of the aspects
and/or features described or reference herein.
[0059] One or more different inventions may be described
in the present application. Further, for one or more of the
invention(s) described herein, numerous embodiments may
be described in this patent application, and are presented for
illustrative purposes only. The described embodiments are
not intended to be limiting in any sense. One or more of the
invention(s) may be widely applicable to numerous embodi-
ments, as is readily apparent from the disclosure. These
embodiments are described in sufficient detail to enable those
skilled in the art to practice one or more of the invention(s),
and it is to be understood that other embodiments may be
utilized and that structural, logical, software, electrical and
other changes may be made without departing from the scope
of the one or more of the invention(s). Accordingly, those
skilled in the art will recognize that the one or more of the
invention(s) may be practiced with various modifications and
alterations. Particular features of one or more of the invention
(s) may be described with reference to one or more particular
embodiments or figures that form a part of the present disclo-
sure, and in which are shown, by way of illustration, specific
embodiments of one or more of the invention(s). It should be
understood, however, that such features are not limited to
usage in the one or more particular embodiments or figures
with reference to which they are described. The present dis-
closure is neither a literal description of all embodiments of
one or more of the invention(s) nor a listing of features of one
or more of the invention(s) that must be present in all embodi-
ments.
[0060] Headings of sections provided in this patent appli-
cation and the title of this patent application are for conve-
nience only, and are not to be taken as limiting the disclosure
in any way.
[0061] Devices that are in communication with each other
need not be in continuous communication with each other,
unless expressly specified otherwise. In addition, devices that
are in communication with each other may communicate
directly or indirectly through one or more intermediaries.
[0062] A description of an embodiment with several com-
ponents in communication with each other does not imply
that all such components are required. To the contrary, a
variety of optional components are described to illustrate the
wide variety of possible embodiments of one or more of the
invention(s).
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[0063] Further, although process steps, method steps, algo-
rithms or the like may be described in a sequential order, such
processes, methods and algorithms may be configured to
work in any suitable order. In other words, any sequence or
order of steps that may be described in this patent application
does not, in and of'itself, indicate a requirement that the steps
be performed in that order. Further, some steps may be per-
formed simultaneously despite being described or implied as
occurring non-simultaneously (e.g., because one step is
described after the other step). Moreover, the illustration of a
process by its depiction in a drawing does not imply that the
illustrated process is exclusive of other variations and modi-
fications thereto, does not imply that the illustrated process or
any of its steps are necessary to one or more of the invention
(s), and does not imply that the illustrated process is preferred.
[0064] When a single device or article is described, it will
bereadily apparent that more than one device/article (whether
or not they cooperate) may be used in place of a single
device/article. Similarly, where more than one device or
article is described (whether or not they cooperate), it will be
readily apparent that a single device/article may be used in
place of the more than one device or article.

[0065] The functionality and/or the features of a device
may be alternatively embodied by one or more other devices
that are not explicitly described as having such functionality/
features. Thus, other embodiments of one or more of the
invention(s) need not include the device itself.

[0066] Techniques and mechanisms described or reference
herein will sometimes be described in singular form for clar-
ity. However, it should be noted that particular embodiments
include multiple iterations of a technique or multiple instan-
tiations of a mechanism unless noted otherwise.

[0067] Although described within the context of technol-
ogy forimplementing an intelligent automated assistant, also
known as a virtual assistant, it may be understood that the
various aspects and techniques described herein may also be
deployed and/or applied in other fields of technology involv-
ing human and/or computerized interaction with software.
[0068] Other aspects relating to virtual assistant technol-
ogy (e.g., which may be utilized by, provided by, and/or
implemented at one or more virtual assistant system embodi-
ments described herein) are disclosed in one or more of the
following, the entire disclosures of which are incorporated
herein by reference:

[0069] U.S. application Ser. No. 12/987,982 for “Intelli-
gent Automated Assistant”, attorney docket number
P10575US1, filed Jan. 10, 2011,

[0070] U.S. Provisional Patent Application Ser. No.
61/295,774 for “Intelligent Automated Assistant”, attor-
ney docket number SIRIPO03P, filed Jan. 18, 2010;

[0071] U.S. patent application Ser. No. 11/518,292 for
“Method And Apparatus for Building an Intelligent
Automated Assistant”, filed Sep. 8, 2006; and

[0072] U.S. Provisional Patent Application Ser. No.
61/186,414 for “System and Method for Semantic Auto-
Completion”, filed Jun. 12, 2009.

Hardware Architecture

[0073] Generally, the virtual assistant techniques disclosed
herein may be implemented on hardware or a combination of
software and hardware. For example, they may be imple-
mented in an operating system Kkernel, in a separate user
process, in a library package bound into network applica-
tions, on a specially constructed machine, and/or on a net-
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work interface card. In a specific embodiment, the techniques
disclosed herein may be implemented in software such as an
operating system or in an application running on an operating
system.

[0074] Software/hardware hybrid implementation(s) of at
least some of the virtual assistant embodiment(s) disclosed
herein may be implemented on a programmable machine
selectively activated or reconfigured by a computer program
stored in memory. Such network devices may have multiple
network interfaces which may be configured or designed to
utilize different types of network communication protocols.
A general architecture for some of these machines may
appear from the descriptions disclosed herein. According to
specific embodiments, at least some of the features and/or
functionalities of the various virtual assistant embodiments
disclosed herein may be implemented on one or more gen-
eral-purpose network host machines such as an end-user
computer system, computer, network server or server system,
mobile computing device (e.g., personal digital assistant,
mobile phone, smartphone, laptop, tablet computer, or the
like), consumer electronic device, music player, or any other
suitable electronic device, router, switch, or the like, or any
combination thereof. In at least some embodiments, at least
some of the features and/or functionalities of the various
virtual assistant embodiments disclosed herein may be imple-
mented in one or more virtualized computing environments
(e.g., network computing clouds, or the like).

[0075] Referring now to FIG. 28, there is shown a block
diagram depicting a computing device 60 suitable for imple-
menting at least a portion of the virtual assistant features
and/or functionalities disclosed herein. Computing device 60
may be, for example, an end-user computer system, network
server or server system, mobile computing device (e.g., per-
sonal digital assistant, mobile phone, smartphone, laptop,
tablet computer, or the like), consumer electronic device,
music player, or any other suitable electronic device, or any
combination or portion thereof. Computing device 60 may be
adapted to communicate with other computing devices, such
as clients and/or servers, over a communications network
such as the Internet, using known protocols for such commu-
nication, whether wireless or wired.

[0076] In one embodiment, computing device 60 includes
central processing unit (CPU) 62, interfaces 68, and a bus 67
(such as a peripheral component interconnect (PCI) bus).
When acting under the control of appropriate software or
firmware, CPU 62 may be responsible for implementing spe-
cific functions associated with the functions of a specifically
configured computing device or machine. For example, in at
least one embodiment, a user’s personal digital assistant
(PDA) or smartphone may be configured or designed to func-
tion as a virtual assistant system utilizing CPU 62, memory
61, 65, and interface(s) 68. In at least one embodiment, the
CPU 62 may be caused to perform one or more of the different
types of virtual assistant functions and/or operations under
the control of software modules/components, which for
example, may include an operating system and any appropri-
ate applications software, drivers, and the like.

[0077] CPU 62 may include one or more processor(s) 63
such as, for example, a processor from the Motorola or Intel
family of microprocessors or the MIPS family of micropro-
cessors. In some embodiments, processor(s) 63 may include
specially designed hardware (e.g., application-specific inte-
grated circuits (ASICs), electrically erasable programmable
read-only memories (EEPROMs), field-programmable gate
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arrays (FPGAs), and the like) for controlling the operations of
computing device 60. In a specific embodiment, a memory 61
(such as non-volatile random access memory (RAM) and/or
read-only memory (ROM)) also forms part of CPU 62. How-
ever, there are many different ways in which memory may be
coupled to the system. Memory block 61 may be used for a
variety of purposes such as, for example, caching and/or
storing data, programming instructions, and the like.

[0078] As used herein, the term “processor” is not limited
merely to those integrated circuits referred to in the art as a
processor, but broadly refers to a microcontroller, a micro-
computer, a programmable logic controller, an application-
specific integrated circuit, and any other programmable cir-
cuit.

[0079] In one embodiment, interfaces 68 are provided as
interface cards (sometimes referred to as “line cards™). Gen-
erally, they control the sending and receiving of data packets
over a computing network and sometimes support other
peripherals used with computing device 60. Among the inter-
faces that may be provided are Ethernet interfaces, frame
relay interfaces, cable interfaces, DSL interfaces, token ring
interfaces, and the like. In addition, various types of interfaces
may be provided such as, for example, universal serial bus
(USB), Serial, Ethernet, Firewire, PCI, parallel, radio fre-
quency (RF), Bluetooth™, near-field communications (e.g.,
using near-field magnetics), 802.11 (WiF1i), framerelay, TCP/
1P, ISDN, {fast Ethernet interfaces, Gigabit Ethernet inter-
faces, asynchronous transfer mode (ATM) interfaces, high-
speed serial interface (HSSI) interfaces, Point of Sale (POS)
interfaces, fiber data distributed interfaces (FDDIs), and the
like. Generally, such interfaces 68 may include ports appro-
priate for communication with the appropriate media. In
some cases, they may also include an independent processor
and, in some instances, volatile and/or non-volatile memory
(e.g., RAM).

[0080] Although the system shown in FIG. 28 illustrates
one specific architecture for a computing device 60 forimple-
menting the techniques of the invention described herein, it is
by no means the only device architecture on which at least a
portion of the features and techniques described herein may
be implemented. For example, architectures having one or
any number of processors 63 can be used, and such processors
63 can be present in a single device or distributed among any
number of devices. In one embodiment, a single processor 63
handles communications as well as routing computations. In
various embodiments, different types of virtual assistant fea-
tures and/or functionalities may be implemented in a virtual
assistant system which includes a client device (such as a
personal digital assistant or smartphone running client soft-
ware) and server system(s) (such as a server system described
in more detail below).

[0081] Regardless of network device configuration, the
system of the present invention may employ one or more
memories or memory modules (such as, for example,
memory block 65) configured to store data, program instruc-
tions for the general-purpose network operations and/or other
information relating to the functionality of the virtual assis-
tant techniques described herein. The program instructions
may control the operation of an operating system and/or one
or more applications, for example. The memory or memories
may also be configured to store data structures, keyword
taxonomy information, advertisement information, user click
and impression information, and/or other specific non-pro-
gram information described herein.
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[0082] Because such information and program instructions
may be employed to implement the systems/methods
described herein, at least some network device embodiments
may include nontransitory machine-readable storage media,
which, for example, may be configured or designed to store
program instructions, state information, and the like for per-
forming various operations described herein. Examples of
such nontransitory machine-readable storage media include,
but are not limited to, magnetic media such as hard disks,
floppy disks, magnetic tape; optical media such as CD-ROM
disks; magneto-optical media such as floptical disks, and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
devices (ROM), flash memory, memristor memory, random
access memory (RAM), and the like. Examples of program
instructions include both machine code, such as produced by
a compiler, and files containing higher level code that may be
executed by the computer using an interpreter.

[0083] Inoneembodiment, the system of the present inven-
tion is implemented on a standalone computing system.
Referring now to FIG. 29, there is shown a block diagram
depicting an architecture for implementing at least a portion
of a virtual assistant on a standalone computing system,
according to at least one embodiment. Computing device 60
includes processor(s) 63 which run software for implement-
ing virtual assistant 1002. Input device 1206 can be of any
type suitable for receiving user input, including for example a
keyboard, touchscreen, microphone (for example, for voice
input), mouse, touchpad, trackball, five-way switch, joystick,
and/or any combination thereof. Output device 1207 can be a
screen, speaker, printer, and/or any combination thereof.
Memory 1210 can be random-access memory having a struc-
ture and architecture as are known in the art, for use by
processor(s) 63 in the course of running software. Storage
device 1208 can be any magnetic, optical, and/or electrical
storage device for storage of data in digital form; examples
include flash memory, magnetic hard drive, CD-ROM, and/or
the like.

[0084] In another embodiment, the system of the present
invention is implemented on a distributed computing net-
work, such as one having any number of clients and/or serv-
ers. Referring now to FIG. 30, there is shown a block diagram
depicting an architecture for implementing at least a portion
of a virtual assistant on a distributed computing network,
according to at least one embodiment.

[0085] Inthe arrangement shown in FIG. 30, any number of
clients 1304 are provided; each client 1304 may run software
for implementing client-side portions of the present inven-
tion. In addition, any number of servers 1340 can be provided
for handling requests received from clients 1304. Clients
1304 and servers 1340 can communicate with one another via
electronic network 1361, such as the Internet. Network 1361
may be implemented using any known network protocols,
including for example wired and/or wireless protocols.
[0086] In addition, in one embodiment, servers 1340 can
call external services 1360 when needed to obtain additional
information or refer to store data concerning previous inter-
actions with particular users. Communications with external
services 1360 can take place, for example, via network 1361.
In various embodiments, external services 1360 include web-
enabled services and/or functionality related to or installed on
the hardware device itself. For example, in an embodiment
where assistant 1002 is implemented on a smartphone or
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other electronic device, assistant 1002 can obtain information
stored in a calendar application (“app”), contacts, and/or
other sources.

[0087] In various embodiments, assistant 1002 can control
many features and operations of an electronic device on
which it is installed. For example, assistant 1002 can call
external services 1360 that interface with functionality and
applications on a device via APIs or by other means, to per-
form functions and operations that might otherwise be initi-
ated using a conventional user interface on the device. Such
functions and operations may include, for example, setting an
alarm, making a telephone call, sending a text message or
email message, adding a calendar event, and the like. Such
functions and operations may be performed as add-on func-
tions in the context of a conversational dialog between a user
and assistant 1002. Such functions and operations can be
specified by the user in the context of such a dialog, or they
may be automatically performed based on the context of the
dialog. One skilled in the art will recognize that assistant 1002
can thereby be used as a control mechanism for initiating and
controlling various operations on the electronic device, which
may be used as an alternative to conventional mechanisms
such as buttons or graphical user interfaces.

[0088] Forexample, the user may provide input to assistant
1002 such as “I need to wake tomorrow at 8 am”. Once
assistant 1002 has determined the user’s intent, using the
techniques described herein, assistant 1002 can call external
services 1340 to interface with an alarm clock function or
application on the device. Assistant 1002 sets the alarm on
behalf of the user. In this manner, the user can use assistant
1002 as a replacement for conventional mechanisms for set-
ting the alarm or performing other functions on the device. If
the user’s requests are ambiguous or need further clarifica-
tion, assistant 1002 can use the various techniques described
herein, including active elicitation, paraphrasing, sugges-
tions, and the like, and including obtaining context informa-
tion, so that the correct services 1340 are called and the
intended action taken. In one embodiment, assistant 1002
may prompt the user for confirmation and/or request addi-
tional context information from any suitable source before
calling a service 1340 to perform a function. In one embodi-
ment, a user can selectively disable assistant’s 1002 ability to
call particular services 1340, or can disable all such service-
calling if desired.

[0089] The system of the present invention can be imple-
mented with any of a number of different types of clients 1304
and modes of operation. Referring now to FIG. 31, there is
shown a block diagram depicting a system architecture illus-
trating several different types of clients 1304 and modes of
operation. One skilled in the art will recognize that the various
types of clients 1304 and modes of operation shown in FIG.
31 are merely exemplary, and that the system of the present
invention can be implemented using clients 1304 and/or
modes of operation other than those depicted. Additionally,
the system can include any or all of such clients 1304 and/or
modes of operation, alone or in any combination. Depicted
examples include:

[0090] Computer devices with input/output devices and/
or sensors 1402. A client component may be deployed
on any such computer device 1402. At least one embodi-
ment may be implemented using a web browser 1304A
or other software application for enabling communica-
tion with servers 1340 via network 1361. Input and
output channels may of any type, including for example
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visual and/or auditory channels. For example, in one
embodiment, the system of the invention can be imple-
mented using voice-based communication methods,
allowing for an embodiment of the assistant for the blind
whose equivalent of a web browser is driven by speech
and uses speech for output.

[0091] Mobile Devices with I/O and sensors 1406, for
which the client may be implemented as an application
on the mobile device 1304B. This includes, but is not
limited to, mobile phones, smartphones, personal digital
assistants, tablet devices, networked game consoles, and
the like.

[0092] Consumer Appliances with I/O and sensors 1410,
for which the client may be implemented as an embed-
ded application on the appliance 1304C.

[0093] Automobiles and other vehicles with dashboard
interfaces and sensors 1414, for which the client may be
implemented as an embedded system application
1304D. This includes, but is not limited to, car naviga-
tion systems, voice control systems, in-car entertain-
ment systems, and the like.

[0094] Networked computing devices such as routers
1418 or any other device that resides on or interfaces
with a network, for which the client may be imple-
mented as a device-resident application 1304E.

[0095] Email clients 1424, for which an embodiment of
the assistant is connected via an Email Modality Server
1426. Email Modality server 1426 acts as a communi-
cation bridge, for example taking input from the user as
email messages sent to the assistant and sending output
from the assistant to the user as replies.

[0096] Instant messaging clients 1428, for which an
embodiment of the assistant is connected via a Messag-
ing Modality Server 1430. Messaging Modality server
1430 acts as a communication bridge, taking input from
the user as messages sent to the assistant and sending
output from the assistant to the user as messages inreply.

[0097] Voicetelephones 1432, for which an embodiment
of the assistant is connected via a Voice over Internet
Protocol (VoIP) Modality Server 1430. VoIP Modality
server 1430 acts as a communication bridge, taking
input from the user as voice spoken to the assistant and
sending output from the assistant to the user, for example
as synthesized speech, in reply.

[0098] For messaging platforms including but not limited
to email, instant messaging, discussion forums, group chat
sessions, live help or customer support sessions and the like,
assistant 1002 may act as a participant in the conversations.
Assistant 1002 may monitor the conversation and reply to
individuals or the group using one or more the techniques and
methods described herein for one-to-one interactions.

[0099] In various embodiments, functionality for imple-
menting the techniques of the present invention can be dis-
tributed among any number of client and/or server compo-
nents. For example, various software modules can be
implemented for performing various functions in connection
with the present invention, and such modules can be variously
implemented to run on server and/or client components. Fur-
ther details for such an arrangement are provided in related
U.S. application Ser. No. 12/987,982 for “Intelligent Auto-
mated Assistant”, attorney docket number P10575US1, filed
Jan. 10, 2011, the entire disclosure of which is incorporated
herein by reference.
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[0100] Intheexample of FIG. 32, input elicitation function-
ality and output processing functionality are distributed
among client 1304 and server 1340, with client part of input
elicitation 2794a and client part of output processing 2792a
located at client 1304, and server part of input elicitation
27945b and server part of output processing 27925 located at
server 1340. The following components are located at server
1340:
[0101] complete vocabulary 27585,
[0102] complete library of language pattern recognizers
27605,
[0103] master version of short term personal memory
2752b;
[0104] master version of long term personal memory
2754b.
[0105] In one embodiment, client 1304 maintains subsets
and/or portions of these components locally, to improve
responsiveness and reduce dependence on network commu-
nications. Such subsets and/or portions can be maintained and
updated according to well known cache management tech-
niques. Such subsets and/or portions include, for example:

[0106] subset of vocabulary 2758a;
[0107] subset of library of language pattern recognizers
2760a;
[0108] cache of short term personal memory 2752a;
[0109] cache of long term personal memory 2754a.
[0110] Additional components may be implemented as part

of server 1340, including for example:

[0111] language interpreter 2770;
[0112] dialog flow processor 2780;
[0113] output processor 2790;
[0114] domain entity databases 2772;
[0115] task flow models 2786;
[0116] services orchestration 2782;
[0117] service capability models 2788.
[0118] Each of these components will be described in more

detail below. Server 1340 obtains additional information by
interfacing with external services 1360 when needed.

Conceptual Architecture

[0119] Referring now to FIG. 27, there is shown a simpli-
fied block diagram of a specific example embodiment of a
virtual assistant 1002. As described in greater detail in related
U.S. utility applications referenced above, different embodi-
ments of virtual assistant 1002 may be configured, designed,
and/or operable to provide various different types of opera-
tions, functionalities, and/or features generally relating to
virtual assistant technology. Further, as described in greater
detail herein, many of the various operations, functionalities,
and/or features of virtual assistant 1002 disclosed herein may
enable or provide different types of advantages and/or ben-
efits to different entities interacting with virtual assistant
1002. The embodiment shown in FIG. 27 may be imple-
mented using any of the hardware architectures described
above, or using a different type of hardware architecture.
[0120] For example, according to different embodiments,
virtual assistant 1002 may be configured, designed, and/or
operable to provide various different types of operations,
functionalities, and/or features, such as, for example, one or
more of the following (or combinations thereof):

[0121] automate the application of data and services
available over the Internet to discover, find, choose
among, purchase, reserve, or order products and ser-
vices. In addition to automating the process of using
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these data and services, virtual assistant 1002 may also
enable the combined use of several sources of data and
services at once. For example, it may combine informa-
tion about products from several review sites, check
prices and availability from multiple distributors, and
check their locations and time constraints, and help a
user find a personalized solution to their problem.

[0122] automate the use of data and services available
over the Internet to discover, investigate, select among,
reserve, and otherwise learn about things to do (includ-
ing but not limited to movies, events, performances,
exhibits, shows and attractions); places to go (including
but not limited to travel destinations, hotels and other
places to stay, landmarks and other sites of interest, and
the like); places to eat or drink (such as restaurants and
bars), times and places to meet others, and any other
source of entertainment or social interaction that may be
found on the Internet.

[0123] enable the operation of applications and services
via natural language dialog that are otherwise provided
by dedicated applications with graphical user interfaces
including search (including location-based search);
navigation (maps and directions); database lookup (such
as finding businesses or people by name or other prop-
erties); getting weather conditions and forecasts, check-
ing the price of market items or status of financial trans-
actions; monitoring traffic or the status of flights;
accessing and updating calendars and schedules; man-
aging reminders, alerts, tasks and projects; communicat-
ing over email or other messaging platforms; and oper-
ating devices locally or remotely (e.g., dialing
telephones, controlling light and temperature, control-
ling home security devices, playing music or video, and
the like). In one embodiment, virtual assistant 1002 can
be used to initiate, operate, and control many functions
and apps available on the device.

[0124] offer personal recommendations for activities,
products, services, source of entertainment, time man-
agement, or any other kind of recommendation service
that benefits from an interactive dialog in natural lan-
guage and automated access to data and services.

[0125] According to different embodiments, at least a por-
tion of the various types of functions, operations, actions,
and/or other features provided by virtual assistant 1002 may
be implemented at one or more client systems(s), at one or
more server system(s), and/or combinations thereof.

[0126] According to different embodiments, at least a por-
tion of the various types of functions, operations, actions,
and/or other features provided by virtual assistant 1002 may
use contextual information in interpreting and operationaliz-
ing user input, as described in more detail herein.

[0127] For example, in at least one embodiment, virtual
assistant 1002 may be operable to utilize and/or generate
various different types of data and/or other types of informa-
tion when performing specific tasks and/or operations. This
may include, for example, input data/information and/or out-
put data/information. For example, in at least one embodi-
ment, virtual assistant 1002 may be operable to access, pro-
cess, and/or otherwise utilize information from one or more
different types of sources, such as, for example, one or more
local and/or remote memories, devices and/or systems. Addi-
tionally, in at least one embodiment, virtual assistant 1002
may be operable to generate one or more different types of
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output data/information, which, for example, may be stored
in memory of one or more local and/or remote devices and/or
systems.

[0128] Examples of different types of input data/informa-
tion which may be accessed and/or utilized by virtual assis-
tant 1002 may include, but are not limited to, one or more of
the following (or combinations thereof):

[0129] Voice input: from mobile devices such as mobile
telephones and tablets, computers with microphones,
Bluetooth headsets, automobile voice control systems,
over the telephone system, recordings on answering ser-
vices, audio voicemail on integrated messaging ser-
vices, consumer applications with voice input such as
clock radios, telephone station, home entertainment
control systems, and game consoles.

[0130] Text input from keyboards on computers or
mobile devices, keypads on remote controls or other
consumer electronics devices, email messages sent to
the assistant, instant messages or similar short messages
sent to the assistant, text received from players in mul-
tiuser game environments, and text streamed in message
feeds.

[0131] Location information coming from sensors or
location-based systems. Examples include Global Posi-
tioning System (GPS) and Assisted GPS (A-GPS) on
mobile phones. In one embodiment, location informa-
tion is combined with explicit user input. In one embodi-
ment, the system of the present invention is able to detect
when a user is at home, based on known address infor-
mation and current location determination. In this man-
ner, certain inferences may be made about the type of
information the user might be interested in when at
home as opposed to outside the home, as well as the type
of services and actions that should be invoked on behalf
of the user depending on whether or not he or she is at
home.

[0132] Time information from clocks on client devices.
This may include, for example, time from telephones or
other client devices indicating the local time and time
zone. In addition, time may be used in the context of user
requests, such as for instance, to interpret phrases such
as “in an hour” and “tonight”.

[0133] Compass, accelerometer, gyroscope, and/or
travel velocity data, as well as other sensor data from
mobile or handheld devices or embedded systems such
as automobile control systems. This may also include
device positioning data from remote controls to appli-
ances and game consoles.

[0134] Clicking and menu selection and other events
from a graphical user interface (GUI) on any device
having a GUI. Further examples include touches to a
touch screen.

[0135] Events from sensors and other data-driven trig-
gers, such as alarm clocks, calendar alerts, price change
triggers, location triggers, push notification onto a
device from servers, and the like.

[0136] The input to the embodiments described herein also
includes the context of the user interaction history, including
dialog and request history.

[0137] Asdescribed inthe related U.S. Utility Applications
cross-referenced above, many different types of output data/
information may be generated by virtual assistant 1002.
These may include, but are not limited to, one or more of the
following (or combinations thereof):
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[0138] Text output sent directly to an output device and/
or to the user interface of a device;

[0139] Text and graphics sent to a user over email;

[0140] Textand graphics send to a user over a messaging
service;

[0141] Speech output, which may include one or more of
the following (or combinations thereof):

[0142] Synthesized speech;
[0143] Sampled speech;
[0144] Recorded messages;

[0145] Graphical layout of information with photos, rich
text, videos, sounds, and hyperlinks (for instance, the
content rendered in a web browser);

[0146] Actuator output to control physical actions on a
device, such as causing it to turn on or off, make a sound,
change color, vibrate, control a light, or the like;

[0147] Invoking other applications on a device, such as
calling a mapping application, voice dialing a telephone,
sending an email or instant message, playing media,
making entries in calendars, task managers, and note
applications, and other applications;

[0148] Actuator output to control physical actions to
devices attached or controlled by a device, such as oper-
ating a remote camera, controlling a wheelchair, playing
music on remote speakers, playing videos on remote
displays, and the like.

[0149] It may be appreciated that the virtual assistant 1002
of FIG. 27 is but one example from a wide range of virtual
assistant system embodiments which may be implemented.
Other embodiments of the virtual assistant system (not
shown) may include additional, fewer and/or different com-
ponents/features than those illustrated, for example, in the
example virtual assistant system embodiment of FIG. 27.
[0150] Virtual assistant 1002 may include a plurality of
different types of components, devices, modules, processes,
systems, and the like, which, for example, may be imple-
mented and/or instantiated via the use of hardware and/or
combinations of hardware and software. For example, as
illustrated in the example embodiment of FIG. 27, assistant
1002 may include one or more of the following types of
systems, components, devices, processes, and the like (or
combinations thereof):

[0151] One or more active ontologies 1050;

[0152] Active input elicitation component(s) 2794 (may
include client part 2794a and server part 27945);

[0153] Short term personal memory component(s) 2752
(may include master version 27525 and cache 2752a);

[0154] Long-term personal memory component(s) 2754
(may include master version 27545 and cache 2754a;
may include, for example, personal databases 1058,
application preferences and usage history 1072, and the
like);

[0155] Domain models component(s) 2756;

[0156] Vocabulary component(s) 2758 (may include
complete vocabulary 275856 and subset 27584);

[0157] Language pattern recognizer(s) component(s)
2760 (may include full library 276056 and subset 27604a);

[0158] Language interpreter component(s) 2770;
[0159] Domain entity database(s) 2772;

[0160] Dialog flow processor component(s) 2780;
[0161] Services orchestration component(s) 2782;
[0162] Services component(s) 2784;

[0163] Task flow models component(s) 2786;
[0164] Dialog flow models component(s) 2787;
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[0165] Service models component(s) 2788;
[0166] Output processor component(s) 2790.
[0167] In certain client/server-based embodiments, some

or all of these components may be distributed between client
1304 and server 1340.

[0168] In one embodiment, virtual assistant 1002 receives
user input 2704 via any suitable input modality, including for
example touchscreen input, keyboard input, spoken input,
and/or any combination thereof. In one embodiment, assis-
tant 1002 also receives context information 1000, which may
include event context 2706 and/or any of several other types
of context as described in more detail herein.

[0169] Upon processing user input 2704 and context infor-
mation 1000 according to the techniques described herein,
virtual assistant 1002 generates output 2708 for presentation
to the user. Output 2708 can be generated according to any
suitable output modality, which may be informed by context
1000 as well as other factors, if appropriate. Examples of
output modalities include visual output as presented on a
screen, auditory output (which may include spoken output
and/or beeps and other sounds), haptic output (such as vibra-
tion), and/or any combination thereof.

[0170] Additional details concerning the operation of the
various components depicted in FIG. 27 are provided in
related U.S. application Ser. No. 12/987,982 for “Intelligent
Automated Assistant”, attorney docket number P10575US1,
filed Jan. 10, 2011, the entire disclosure of which is incorpo-
rated herein by reference.

Context

[0171] As described above, in one embodiment virtual
assistant 1002 acquires and applies a variety of contextual
information to perform information processing functions.
The following description sets forth:

[0172] A range of sources of context information for use
by virtual assistant 1002;

[0173] Techniques for representing, organizing, and
searching context information;

[0174] Methods by which context information can sup-
port the operation of several functions of virtual assis-
tants; and

[0175] Methods for efficiently acquiring, accessing, and
applying context information in a distributed system.

[0176] One skilled in the art will recognize that the follow-
ing description of sources, techniques, and methods for using
context information is merely exemplary, and that other
sources, techniques, and methods can be used without depart-
ing from the essential characteristics of the present invention.

Sources of Context

[0177] Throughout phases of information processing per-
formed by virtual assistant 1002, several different kinds of
context can be used to reduce possible interpretations of user
input. Examples include application context, personal data
context, and previous dialog history. One skilled in the art will
recognize that other sources of context may also be available.
[0178] Referring now to FIG. 1, there is shown a block
diagram depicting virtual assistant 1002 and some examples
of sources of context that can influence its operation accord-
ing to one embodiment. Virtual assistant 1002 takes user input
2704, such as spoken or typed language, processes the input,
and generates output 2708 to the user and/or performs 2710
actions on behalf ofthe user. It may be appreciated that virtual
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assistant 1002 as depicted in FIG. 1 is merely one example
from a wide range of virtual assistant system embodiments
which may be implemented. Other embodiments of virtual
assistant systems (not shown) may include additional, fewer
and/or different components/features than those illustrated,
for example, in the example virtual assistant 1002 depicted in
FIG. 1.

[0179] As described in more detail herein, virtual assistant
1002 can draw on any of a number of different sources of
knowledge and data, such as dictionaries, domain models,
and/or task models. From the perspective of the present inven-
tion, such sources, referred to as background sources, are
internal to assistant 1002. In addition to user input 2704 and
background sources, virtual assistant 1002 can also draw on
information from several sources of context, including for
example device sensor data 1056, application preferences and
usage history 1072, dialog history and assistant memory
1052, personal databases 1058, personal acoustic context
data 1080, current application context 1060, and event con-
text 2706. These will be described in detail herein.

Application Context 1060

[0180] Application context 1060 refers to the application or
similar software state in which the user is doing something.
For example, the user could be using a text messaging appli-
cation to chat with a particular person. Virtual assistant 1002
need not be specific to or part of the user interface of the text
messaging application. Rather, virtual assistant 1002 can
receive context from any number of applications, with each
application contributing its context to inform virtual assistant
1002.

[0181] If the user is currently using an application when
virtual assistant 1002 is invoked, the state of that application
can provide useful context information. For example, if vir-
tual assistant 1002 is invoked from within an email applica-
tion, context information may include sender information,
recipient information, date and/or time sent, subject, data
extracted from email content, mailbox or folder name, and the
like.

[0182] Referring now to FIGS. 11 through 13, there is
shown a set of screen shots depicting examples of the use of
application context in a text messaging domain to derive a
referent for a pronoun, according to one embodiment. FIG. 11
depicts screen 1150 that may be displayed while the user is in
a text messaging application. FIG. 12 depicts screen 1250
after virtual assistant 1002 has been activated in the context of
the text messaging application. In this example, virtual assis-
tant 1002 presents prompt 1251 to the user. In one embodi-
ment, the user can provide spoken input by tapping on micro-
phone icon 1252. In another embodiment, assistant 1002 is
able to accept spoken input at any time, and does not require
the user to tap on microphone icon 1252 before providing
input; thus, icon 1252 can be a reminder that assistant 1002 is
waiting for spoken input.

[0183] In FIG. 13, the user has engaged in a dialog with
virtual assistant 1002, as shown on screen 1253. The user’s
speech input “call him” has been echoed back, and virtual
assistant 1002 is responding that it will call a particular person
at a particular phone number. To interpret the user’s ambigu-
ous input is, virtual assistant 1002 uses a combination of
multiple sources of context to derive a referent for a pronoun,
as described in more detail herein.
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[0184] Referring now to FIGS. 17 to 20, there is shown
another example of the use of current application context to
interpret and operationalize a command, according to one
embodiment.

[0185] InFIG.17,the useris presented with his or her email
inbox 1750, and selects a particular email message 1751 to
view. FIG. 18 depicts email message 1751 after it has been
selected for viewing; in this example, email message 1751
includes an image.

[0186] In FIG. 19, the user has activated virtual assistant
1002 while viewing email message 1751 from within the
email application. In one embodiment, the display of email
message 1751 moves upward on the screen to make room for
prompt 150 from virtual assistant 1002. This display rein-
forces the notion that virtual assistant 1002 is offering assis-
tance in the context of the currently viewed email message
1751. Accordingly, the user’s input to virtual assistant 1002
will be interpreted in the current context wherein email mes-
sage 1751 is being viewed.

[0187] InFIG. 20, the user has provided a command 2050:
“Reply let’s get this to marketing right away”. Context infor-
mation, including information about email message 1751 and
the email application in which it displayed, is used to interpret
command 2050. This context can be used to determine the
meaning of the words “reply” and “this” in command 2050,
and to resolve how to set up an email composition transaction
to a particular recipient on a particular message thread. In this
case, virtual assistant 1002 is able to access context informa-
tion to determine that “marketing” refers to a recipient named
John Applecore and is able to determine an email address to
use for the recipient. Accordingly, virtual assistant 1002 com-
poses email 2052 for the user to approve and send. In this
manner, virtual assistant 1002 is able to operationalize a task
(composing an email message) based on user input together
with context information describing the state of the current
application.

[0188] Application context can also help identify the mean-
ing of the user’s intent across applications. Referring now to
FIG. 21, there is shown an example in which the user has
invoked virtual assistant 1002 in the context of viewing an
email message (such as email message 1751), but the user’s
command 2150 says “Send him a text . . . ”. Command 2150
is interpreted by virtual assistant 1002 as indicating that a text
message, rather than an email, should be sent. However, the
use of the word “him” indicates that the same recipient (John
Appleseed) is intended. Virtual assistant 1002 thus recog-
nizes that the communication should go to this recipient but
on a different channel (a text message to the person’s phone
number, obtained from contact information stored on the
device). Accordingly, virtual assistant 1002 composes text
message 2152 for the user to approve and send.

[0189] Examples of context information that can be
obtained from application(s) include, without limitation:

[0190] identity of the application;

[0191] current object or objects being operated on in the
application, such as current email message, current song
or playlist or channel being played, current book or
movie or photo, current calendar day/week/month, cur-
rent reminder list, current phone call, current text mes-
saging conversation, current map location, current web
page or search query, current city or other location for
location-sensitive applications, current social network
profile, or any other application-specific notion of cur-
rent objects;
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[0192] names, places, dates, and other identifiable enti-
ties or values that can be extracted from the current
objects.

Personal Databases 1058

[0193] Another source of context data is the user’s personal
database(s) 1058 on a device such as a phone, such as for
example an address book containing names and phone num-
bers. Referring now to FIG. 14, there is shown an example of
a screen shot 1451 wherein virtual assistant 1002 is prompt-
ing for name disambiguation, according to one embodiment.
Here, the user has said “Call Herb”; virtual assistant 1002
prompts for the user to choose among the matching contacts
in the user’s address book. Thus, the address book is used as
a source of personal data context.

[0194] In one embodiment, personal information of the
user is obtained from personal databases 1058 for use as
context for interpreting and/or operationalizing the user’s
intent or other functions of virtual assistant 1002. For
example, data in a user’s contact database can be used to
reduce ambiguity in interpreting a user’s command when the
user referred to someone by first name only. Exampies of
context information that can be obtained from personal data-
bases 1058 include, without limitation:

[0195] the user’s contact database (address book)—in-
cluding information about names, phone numbers,
physical addresses, network addresses, account identi-
fiers, important dates—about people, companies, orga-
nizations, places, web sites, and other entities that the
user might refer to;

[0196] the user’s own names, preferred pronunciations,
addresses, phone numbers, and the like;

[0197] the user’s named relationships, such as mother,
father, sister, boss, and the like.

[0198] the user’s calendar data, including calendar
events, names of special days, or any other named
entries that the user might refer to;

[0199] the user’s reminders or task list, including lists of
things to do, remember, or get that the user might refer
to;

[0200] names of songs, genres, playlists, and other data

associated with the user’s music library that the user
might refer to;

[0201] people, places, categories, tags, labels, or other
symbolic names on photos or videos or other media in
the user’s media library;

[0202] titles, authors, genres, or other symbolic names in
books or other literature in the user’s personal library.

Dialog History 1052

[0203] Another source of context data is the user’s dialog
history 1052 with virtual assistant 1002. Such history may
include, for example, references to domains, people, places,
and so forth. Referring now to FIG. 15, there is shown an
example in which virtual assistant 1002 uses dialog context to
infer the location for a command, according to one embodi-
ment. In screen 1551, the user first asks “What’s the time in
New York™; virtual assistant 1002 responds 1552 by provid-
ing the current time in New York City. The user then asks
“What’s the weather”. Virtual assistant 1002 uses the previ-
ous dialog history to infer that the location intended for the
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weather query is the last location mentioned in the dialog
history. Therefore its response 1553 provides weather infor-
mation for New York City.

[0204] As another example, if the user says “find camera
shops near here” and then, after examining the results, says
“how about in San Francisco?”, an assistant can use the dialog
context to determine that “how about” means “do the same
task (find camera stores)” and “in San Francisco” means
“changing the locus of the search from here to San Francisco.”
Virtual assistant 1002 can also use, as context, previous
details of a dialog, such as previous output provided to the
user. For example, if virtual assistant 1002 used a clever
response intended as humor, such as “Sure thing, you’re the
boss”, it can remember that it has already said this and can
avoid repeating the phrase within a dialog session.

[0205] Examples of context information from dialog his-
tory and virtual assistant memory include, without limitation:

[0206] people mentioned in a dialog;

[0207] places and locations mentioned in a dialog;
[0208] current time frame in focus;

[0209] current application domain in focus, such as

email or calendar;

[0210] current task in focus, such as reading an email or
creating a calendar entry;

[0211] current domain objects in focus, such as an email
message that was justread or calendar entry that was just
created;

[0212] current state of a dialog or transactional flow,
such as whether a question is being asked and what
possible answers are expected;

[0213] history of user requests, such as “good Italian
restaurants”;

[0214] history of results of user requests, such as sets of
restaurants returned;

[0215] history of phrases used by the assistant in dialog;

[0216] facts that were told to the assistant by the user,
such as “my mother is Rebecca Richards™ and “I liked
that restaurant”.

[0217] Referring now to FIGS. 25A and 25B, there is
shown a series of screen shots depicting an example of the use
of'prior dialog context, according to one embodiment. In FIG.
25A, the user has entered a request 2550 for any new e-mail
from John. Virtual assistant 1002 responds by displaying an
email message 2551 from John. In FIG. 25B, the user enters
the command 2552 “Reply let’s get this to marketing right
away”. Virtual assistant 1002 interprets command 2552 using
prior dialog context; specifically, the command is interpreted
to refer to the email message 2551 displayed in FIG. 25.

Device Sensor Data 1056

[0218] In one embodiment, a physical device running vir-
tual assistant 1002 may have one or more sensors. Such
sensors can provide sources of contextual information.
Example of such information include, without limitation:

[0219] the user’s current location;

[0220] the local time at the user’s current location;

[0221] the position, orientation, and motion of the
device;

[0222] the current light level, temperature and other

environmental measures;

[0223] the properties of the microphones and cameras in
use;
[0224] the current networks being used, and signatures

of connected networks, including Ethernet, Wi-Fi and
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Bluetooth. Signatures include MAC addresses of net-
work access points, IP addresses assigned, device iden-
tifiers such as Bluetooth names, frequency channels and
other properties of wireless networks.
[0225] Sensors can be ofany type including for example: an
accelerometer, compass, GPS unit, altitude detector, light
sensor, thermometer, barometer, clock, network interface,
battery test circuitry, and the like.

Application Preferences and Usage History 1072

[0226] In one embodiment, information describing the
user’s preferences and settings for various applications, as
well as his or her usage history 1072, are used as context for
interpreting and/or operationalizing the user’s intent or other
functions of virtual assistant 1002. Examples of such prefer-
ences and history 1072 include, without limitation:

[0227] shortcuts, favorites, bookmarks, friends lists, or
any other collections of user data about people, compa-
nies, addresses, phone numbers, places, web sites, email
messages, or any other references;

[0228] recent calls made on the device;

[0229] recent text message conversations, including the
parties to the conversations;

[0230] recent requests for maps or directions;

[0231] recent web searches and URLs;

[0232] stocks listed in a stock application;

[0233] recent songs or video or other media played;
[0234] the names of alarms set on alerting applications;
[0235] the names of applications or other digital objects

on the device;
[0236] the user’s preferred language or the language in

use at the user’s location.
[0237] Referring now to FIG. 16, there is shown an example
of the use of a telephone favorites list as a source of context,
according to one embodiment. In screen 1650, a list of favor-
ite contacts 1651 is shown. If the user provides input to “call
John”, this list of favorite contacts 1651 can be used to deter-
mine that “John” refers to John Appleseed’s mobile number,
since that number appears in the list.

Event Context 2706

[0238] Inoneembodiment, virtual assistant 1002 is able to
use context associated with asynchronous events that happen
independently of the user’s interaction with virtual assistant
1002. Referring now to FIGS. 22 to 24, there is shown an
example illustrating activation of virtual assistant 1002 after
an event occurs that can provide event context, or alert con-
text, according to one embodiment. In this case, the event is
an incoming text message 2250, as shown in FIG. 22. In FIG.
23, virtual assistant 1002 has been invoked, and text message
2250 is shown along with prompt 1251. In FIG. 24, the user
has input the command “call him” 2450. Virtual assistant
1002 uses the event context to disambiguate the command by
interpreting “him” to mean the person who sent the incoming
text message 2250. Virtual assistant 1002 further uses the
event context to determine which telephone number to use for
the outbound call. Confirmation message 2451 is displayed to
indicate that the call is being placed.

[0239] Examples of alert context information include,
without limitation:

[0240] incoming text messages or pages;
[0241] incoming email messages;
[0242] incoming phone calls;
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[0243] reminder notifications or task alerts;

[0244] calendar alerts;

[0245] alarm clock, timers, or other time-based alerts;

[0246] notifications of scores or other events from
games;

[0247] notifications of financial events such as stock

price alerts;
[0248] news flashes or other broadcast notifications;
[0249] push notifications from any application.

Personal Acoustic Context Data 1080

[0250] When interpreting speech input, virtual assistant
1002 can also take into account the acoustic environments in
which the speech is entered. For example, the noise profiles of
aquiet office are different from those of automobiles or public
places. If a speech recognition system can identify and store
acoustic profile data, these data can also be provided as con-
textual information. When combined with other contextual
information such as the properties of the microphones in use,
the current location, and the current dialog state, acoustic
context can aid in recognition and interpretation of input.

Representing and Accessing Context

[0251] As described above, virtual assistant 1002 can use
context information from any of a number of different
sources. Any of a number of different mechanisms can be
used for representing context so that it can be made available
to virtual assistant 1002. Referring now to FIGS. 8a through
84, there are shown several examples of representations of
context information as can be used in connection with various
embodiments of the present invention.

Representing People, Places, Times, Domains, Tasks, and
Objects

[0252] FIG. 8a depicts examples 801-809 of context vari-
ables that represent simple properties such as geo-coordinates
of the user’s current location. In one embodiment, current
values can be maintained for a core set of context variables.
For example, there can be a current user, a current location in
focus, a current time frame in focus, a current application
domain in focus, a current task in focus, and a current domain
object in focus. A data structure such as shown in FIG. 8a can
be used for such a representation.

[0253] FIG. 84 depicts example 850 of a more complex
representation that may be used for storing context informa-
tion for a contact. Also shown is an example 851 of a repre-
sentation including data for a contact. In one embodiment, a
contact (or person) can be represented as an object with
properties for name, gender, address, phone number, and
other properties that might be kept in a contacts database.
Similar representations can be used for places, times, appli-
cation domains, tasks, domain objects, and the like.

[0254] Inoneembodiment, sets of current values of a given
type are represented. Such sets can refer to current people,
current places, current times, and the like.

[0255] Inone embodiment, context values are arranged in a
history, so that at iteration N there is a frame of current context
values, and also a frame of context values that were current at
iteration N-1, going back to some limit on the length of
history desired. FIG. 8¢ depicts an example of an array 811
including a history of context values. Specifically, each col-
umn of FIG. 8¢ represents a context variable, with rows
corresponding to different times.
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[0256] In one embodiment, sets of typed context variables
are arranged in histories as shown in FIG. 8d. In the example,
a set 861 of context variables referring to persons is shown,
along with another set 871 of context variables referring to
places. Thus, relevant context data for a particular time in
history can be retrieved and applied.

[0257] One skilled in the art will recognize that the particu-
lar representations shown in FIGS. 84 through 84 are merely
exemplary, and that many other mechanisms and/or data for-
mats for representing context can be used. Examples include:

[0258] Inoneembodiment, the current user of the system
can be represented in some special manner, so that vir-
tual assistant 1002 knows how to address the user and
refer to the user’s home, work, mobile phone, and the
like.

[0259] In one embodiment, relationships among people
can be represented, allowing virtual assistant 1002 to
understand references such as “my mother” or “my
boss’s house”.

[0260] Places can be represented as objects with proper-
ties such as names, street addresses, geo-coordinates,
and the like.

[0261] Times can be represented as objects with proper-
ties including universal time, time zone offset, resolu-
tion (such as year, month, day, hour, minute, or second).
Time objects can also represent symbolic times such as
“today”, “this week”, “this [upcoming] weekend”, “next
week”, “Annie’s birthday”, and the like. Time objects
can also represent durations or points of time.

[0262] Context can also be provided in terms of an appli-
cation domain representing a service or application or
domain of discourse, such as email, text messaging,
phone, calendar, contacts, photos, videos, maps,
weather, reminders, clock, web browser, Facebook, Pan-
dora, and so forth. The current domain indicates which
of these domains is in focus.

[0263] Context can also define one or more tasks, or
operations to perform within a domain. For example,
within the email domain there are tasks such as read
email message, search email, compose new email, and
the like.

[0264] Domain Objects are data objects associated with
the various domains.

[0265] For example, the email domain operates on email
messages, the calendar domain operates on calendar events,
and the like.

[0266] For purposes of the description provided herein,
these representations of contextual information are referred
to as context variables of a given type. For example, a repre-
sentation of the current user is a context variable of type
Person.

Representing Context Derivation

[0267] In one embodiment, the derivation of context vari-
ables is represented explicitly, so that it can be used in infor-
mation processing. The derivation of context information is a
characterization of the source and/or sets of inferences made
to conclude or retrieve the information. For example, a Person
context value 851 as depicted in FIG. 86 might have been
derived from a Text Message Domain Object, which was
acquired from Event Context 2706. This source of the context
value 851 can be represented.
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Representing a History of User Requests and/or Intent
[0268] Inone embodiment, a history of the user’s requests
can be stored. In one embodiment, a history of the deep
structure representation of the user’s intent (as derived from
natural language processing) can be stored as well. This
allows virtual assistant 1002 to make sense of new inputs in
the context of previously interpreted input. For example, if the
user asks “what is the weather in New York?”, language
interpreter 2770 might interpret the question as referring to
the location of New York. If the user then says “what is it for
this weekend?” virtual assistant 1002 can refer to this previ-
ous interpretation to determine that “what is it” should be
interpreted to mean “what is the weather”.

Representing a History of Results

[0269] Inone embodiment, a history of the results of user’s
requests can be stored, in the form of domain objects. For
example, the user request “find me some good Italian restau-
rants” might return a set of domain objects representing res-
taurants. If the user then enters a command such as “call
Amilio’s”, virtual assistant 1002 can search the results for
restaurants named Amilio’s within the search results, whichis
a smaller set than all possible places that can be called.

Delayed Binding of Context Variables

[0270] Inone embodiment, context variables can represent
information that is retrieved or derived on demand. For
example, a context variable representing the current location,
when accessed, can invoke an API that retrieves current loca-
tion data from a device and then does other processing to
compute, for instance, a street address. The value of that
context variable can be maintained for some period of time,
depending on a caching policy.

Searching Context

[0271] Virtual assistant 1002 can use any of a number of
different approaches to search for relevant context informa-
tion to solve information-processing problems. Example of
different types of searches include, without limitation:

[0272] Search by context variable name. If the name of a
required context variable is known, such as “current user
first name”, virtual assistant 1002 can search for
instances of it. If a history is kept, virtual assistant 1002
can search current values first, and then consult earlier
data until a match is found.

[0273] Search by context variable type. If the type of a
required context variable is known, such as Person, vir-
tual assistant 1002 can search for instances of context
variables of this type. If a history is kept, virtual assistant
1002 can search current values first, and then consult
earlier data until a match is found.

[0274] In one embodiment, if the current information pro-
cessing problem requires a single match, the search is termi-
nated once a match is found. If multiple matches are allowed,
matching results can be retrieved in order until some limit is
reached.

[0275] Inone embodiment, if appropriate, virtual assistant
1002 can constrain its search to data having certain deriva-
tion. For example, if looking for People objects within a task
flow for email, virtual assistant 1002 might only consider
context variables whose derivation is an application associ-
ated with that domain.
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[0276] Inoneembodiment, virtual assistant 1002 uses rules
to rank matches according to heuristics, using any available
properties of context variables. For example, when process-
ing user input including a command to “tell her I’1l be late”,
virtual assistant 1002 interprets “her” by reference to context.
In doing so, virtual assistant 1002 can apply ranking to indi-
cate a preference for People objects whose derivation is appli-
cation usage histories for communication applications such
as text messaging and email. As another example, when inter-
preting a command to “call her”, virtual assistant 1002 can
apply ranking to prefer People objects that have phone num-
bers over those whose phone numbers are not known. In one
embodiment, ranking rules can be associated with domains.
For example, different ranking rules can be used for ranking
Person variables for Email and Phone domains. One skilled in
the art will recognize that any such ranking rule(s) can be
created and/or applied, depending on the particular represen-
tation and access to context information needed.

Use of Context to Improve Virtual Assistant Processing

[0277] As described above, context can be applied to a
variety of computations and inferences in connection with the
operation of virtual assistant 1002. Referring now to FIG. 2,
there is shown a flow diagram depicting a method 10 forusing
context at various stages of processing in virtual assistant
1002, according to one embodiment.

[0278] Method 10 may be implemented in connection with
one or more embodiments of virtual assistant 1002.

[0279] In at least one embodiment, method 10 may be
operable to perform and/or implement various types of func-
tions, operations, actions, and/or other features such as, for
example, one or more of the following (or combinations
thereof):

[0280] Execute an interface control flow loop of a con-
versational interface between the user and virtual assis-
tant 1002. At least one iteration of method 10 may serve
as a ply in the conversation. A conversational interface is
an interface in which the user and assistant 1002 com-
municate by making utterances back and forth in a con-
versational manner.

[0281] Provide executive control flow for virtual assis-
tant 1002. That is, the procedure controls the gathering
of input, processing of input, generation of output, and
presentation of output to the user.

[0282] Coordinate communications among components
of'virtual assistant 1002. That is, it may direct where the
output of one component feeds into another, and where
the overall input from the environment and action on the
environment may occur.

[0283] In at least some embodiments, portions of method
10 may also be implemented at other devices and/or systems
of'a computer network.

[0284] According to specific embodiments, multiple
instances or threads of method 10 may be concurrently imple-
mented and/or initiated via the use of one or more processors
63 and/or other combinations of hardware and/or hardware
and software. In at least one embodiment, one or more or
selected portions of method 10 may be implemented at one or
more client(s) 1304, at one or more server(s) 1340, and/or
combinations thereof.

[0285] For example, in at least some embodiments, various
aspects, features, and/or functionalities of method 10 may be
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performed, implemented and/or initiated by software compo-
nents, network services, databases, and/or the like, or any
combination thereof.

[0286] According to different embodiments, one or more
different threads or instances of method 10 may be initiated in
response to detection of one or more conditions or events
satisfying one or more different types of criteria (such as, for
example, minimum threshold criteria) for triggering initia-
tion of at least one instance of method 10. Examples of
various types of conditions or events which may trigger ini-
tiation and/or implementation of one or more different
threads or instances of the method may include, but are not
limited to, one or more of the following (or combinations
thereof):

[0287] auser session with an instance of virtual assistant
1002, such as, for example, but not limited to, one or
more of:

[0288] a mobile device application starting up, for
instance, a mobile device application that is imple-
menting an embodiment of virtual assistant 1002;

[0289] a computer application starting up, for
instance, an application that is implementing an
embodiment of virtual assistant 1002;

[0290] a dedicated button on a mobile device pressed,
such as a “speech input button”;

[0291] a button on a peripheral device attached to a
computer or mobile device, such as a headset, tele-
phone handset or base station, a GPS navigation sys-
tem, consumer appliance, remote control, or any other
device with a button that might be associated with
invoking assistance;

[0292] a web session started from a web browser to a
website implementing virtual assistant 1002;

[0293] an interaction started from within an existing
web browser session to a website implementing vir-
tual assistant 1002, in which, for example, virtual
assistant 1002 service is requested;

[0294] an email message sent to a modality server
1426 that is mediating communication with an
embodiment of virtual assistant 1002;

[0295] atext messageis sent to a modality server 1426
that is mediating communication with an embodi-
ment of virtual assistant 1002;

[0296] a phone call is made to a modality server 1434
that is mediating communication with an embodi-
ment of virtual assistant 1002;

[0297] an event such as an alert or notification is sent
to an application that is providing an embodiment of
virtual assistant 1002.

[0298] when a device that provides virtual assistant 1002
is turned on and/or started.

[0299] According to different embodiments, one or more
different threads or instances of method 10 may be initiated
and/or implemented manually, automatically, statically,
dynamically, concurrently, and/or combinations thereof.
Additionally, different instances and/or embodiments of
method 10 may be initiated at one or more different time
intervals (e.g., during a specific time interval, at regular peri-
odic intervals, at irregular periodic intervals, upon demand,
and the like).

[0300] In at least one embodiment, a given instance of
method 10 may utilize and/or generate various different types
of data and/or other types of information when performing
specific tasks and/or operations, including context data as
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described herein. Data may also include any other type of
input data/information and/or output data/information. For
example, in at least one embodiment, at least one instance of
method 10 may access, process, and/or otherwise utilize
information from one or more different types of sources, such
as, for example, one or more databases. In at least one
embodiment, at least a portion of the database information
may be accessed via communication with one or more local
and/or remote memory devices. Additionally, at least one
instance of method 10 may generate one or more different
types of output data/information, which, for example, may be
stored in local memory and/or remote memory devices.
[0301] Inatleastone embodiment,initial configurationofa
given instance of method 10 may be performed using one or
more different types of initialization parameters. In at least
one embodiment, atleast a portion of the initialization param-
eters may be accessed via communication with one or more
local and/or remote memory devices. In at least one embodi-
ment, at least a portion of the initialization parameters pro-
vided to an instance of method 10 may correspond to and/or
may be derived from the input data/information.

[0302] In the particular example of FIG. 2, it is assumed
that a single user is accessing an instance of virtual assistant
1002 over a network from a client application with speech
input capabilities.

[0303] Speech input is elicited and interpreted 100. Elici-
tation may include presenting prompts in any suitable mode.
In various embodiments, the user interface of the client offers
several modes of input. These may include, for example:

[0304] aninterface for typed input, which may invoke an
active typed-input elicitation procedure;

[0305] an interface for speech input, which may invoke
an active speech input elicitation procedure.

[0306] an interface for selecting inputs from a menu,
which may invoke active GUI-based input elicitation.

[0307] Techniques for performing each of these are
described in the above-referenced related patent applications.
One skilled in the art will recognize that other input modes
may be provided. The output of step 100 is a set of candidate
interpretations 190 of the input speech.

[0308] The setofcandidate interpretations 190 is processed
200 by language interpreter 2770 (also referred to as a natural
language processor, or NLP), which parses the text input and
generates a set of possible interpretations of the user’s intent
290.

[0309] Instep 300, the representation(s) of the user’s intent
290 is/are passed to dialog flow processor 2780, which imple-
ments an embodiment of a dialog and flow analysis procedure
as described in connection with FIG. 5. Dialog flow processor
2780 determines which interpretation of intent is most likely,
maps this interpretation to instances of domain models and
parameters of a task model, and determines the next flow step
in a task flow.

[0310] In step 400, the identified flow step is executed. In
one embodiment, invocation of the flow step is performed by
services orchestration component 2782 which invokes a set of
services on behalf of the user’s request. In one embodiment,
these services contribute some data to a common result.
[0311] In step 500 a dialog response is generated. In step
700, the response is sent to the client device for output
thereon. Client software on the device renders it on the screen
(or other output device) of the client device.
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[0312] If, after viewing the response, the user is done 790,
the method ends. If the user is not done, another iteration of
the loop is initiated by returning to step 100.

[0313] Context information 1000 can be used by various
components of the system at various points in method 10. For
example, as depicted in FIG. 2, context 1000 can be used at
steps 100, 200, 300, and 500. Further description of the use of
context 1000 in these steps is provided below. One skilled in
the art will recognize, however, that the use of context infor-
mation is not limited to these specific steps, and that the
system can use context information at other points as well,
without departing from the essential characteristics of the
present invention.

[0314] Inaddition, one skilled in the art will recognize that
different embodiments of method 10 may include additional
features and/or operations than those illustrated in the specific
embodiment depicted in FIG. 2, and/or may omit at least a
portion of the features and/or operations of method 10 as
illustrated in the specific embodiment of FIG. 2.

Use of Context in Speech Elicitation and Interpretation

[0315] Referring now to FIG. 3, there is shown a flow
diagram depicting a method for using context in speech elici-
tation and interpretation 100, so as to improve speech recog-
nition according to one embodiment. Context 1000 can be
used, for example, for disambiguation in speech recognition
to guide the generation, ranking, and filtering of candidate
hypotheses that match phonemes to words. Different speech
recognition systems use various mixes of generation, rank,
and filter, but context 1000 can apply in general to reduce the
hypothesis space at any stage.

[0316] Themethodbegins 100. Assistant 1002 receives 121
voice or speech input in the form of an auditory signal. A
speech-to-text service 122 or processor generates a set of
candidate text interpretations 124 of the auditory signal. In
one embodiment, speech-to-text service 122 is implemented
using, for example, Nuance Recognizer, available from
Nuance Communications, Inc. of Burlington, Mass.

[0317] In one embodiment, assistant 1002 employs statis-
tical language models 1029 to generate candidate text inter-
pretations 124 of speech input 121. In one embodiment con-
text 1000 is applied to bias the generation, filtering, and/or
ranking of candidate interpretations 124 generated by speech-
to-text service 122. For example:

[0318] Speech-to-text service 122 can use vocabulary
from user personal database(s) 1058 to bias statistical
language models 1029.

[0319] Speech-to-text service 122 can use dialog state
context to select a custom statistical language model
1029. For example, when asking a yes/no question, a
statistical language model 1029 can be selected that
biases toward hearing these words.

[0320] Speech-to-text service 122 can use current appli-
cation context to bias toward relevant words. For
example “call her” can be preferred over “collar” in a
text message application context, since such a context
provides Person Objects that can be called.

[0321] For example, a given speech input might lead
speech-to-text service 122 to generate interpretations “call
her” and “collar”. Guided by statistical language models
(SLMs) 1029, speech-to-text service 122 can be tuned by
grammatical constraints to hear names after it hears “call”.
Speech-to-text service 122 can be also tuned based on context
1000. For example, if “Herb” is a first name in the user’s
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address book, then this context can be used to lower the
threshold for considering “Herb” as an interpretation of the
second syllable. That is, the presence of names in the user’s
personal data context can influence the choice and tuning of
the statistical language model 1029 used to generate hypoth-
eses. The name “Herb” can be part of a general SLM 1029 or
it can be added directly by context 1000. In one embodiment,
it can be added as an additional SLM 1029, which is tuned
based on context 1000. In one embodiment, it can be a tuning
of an existing SLM 1029, which is tuned based on context
1000.

[0322] In one embodiment, statistical language models
1029 are also tuned to look for words, names, and phrases
from application preferences and usage history 1072 and/or
personal databases 1058, which may be stored in long-term
personal memory 2754. For example, statistical language
models 1029 can be given text from to-do items, list items,
personal notes, calendar entries, people names in contacts/
address books, email addresses, street or city names men-
tioned in contact/address books, and the like.

[0323] A ranking component analyzes candidate interpre-
tations 124 and ranks 126 them according to how well they fit
syntactic and/or semantic models of virtual assistant 1002.
Any sources of constraints on user input may be used. For
example, in one embodiment, assistant 1002 may rank the
output of the speech-to-text interpreter according to how well
the interpretations parse in a syntactic and/or semantic sense,
a domain model, task flow model, and/or dialog model, and/
or the like: it evaluates how well various combinations of
words in candidate interpretations 124 would fit the concepts,
relations, entities, and properties of an active ontology and its
associated models, as described in above-referenced related
U.S. utility applications.

[0324] Ranking 126 of candidate interpretations can also be
influenced by context 1000. For example, if the user is cur-
rently carrying on a conversation in a text messaging appli-
cation when virtual assistant 1002 is invoked, the phrase “call
her” is more likely to be a correct interpretation than the word
“collar”, because there is a potential “her” to call in this
context. Such bias can be achieved by tuning the ranking of
hypotheses 126 to favor phrases such as “call her” or “call
<contact name>" when the current application context indi-
cates an application that can provide “callable entities”.
[0325] In various embodiments, algorithms or procedures
used by assistant 1002 for interpretation of text inputs, includ-
ing any embodiment of the natural language processing pro-
cedure shown in FIG. 3, can be used to rank and score can-
didate text interpretations 124 generated by speech-to-text
service 122.

[0326] Context 1000 can also be used to filter candidate
interpretations 124, instead of or in addition to constraining
the generation of them or influencing the ranking of them. For
example, a filtering rule could prescribe that the context of the
address book entry for “Herb” sufficiently indicates that the
phrase containing it should be considered a top candidate 130,
even if it would otherwise be below a filtering threshold.
Depending on the particular speech recognition technology
being used, constraints based on contextual bias can be
applied at the generation, rank, and/or filter stages.

[0327] In one embodiment, if ranking component 126
determines 128 that the highest-ranking speech interpretation
from interpretations 124 ranks above a specified threshold,
the highest-ranking interpretation may be automatically
selected 130. If no interpretation ranks above a specified
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threshold, possible candidate interpretations of speech 134
are presented 132 to the user. The user can then select 136
among the displayed choices.

[0328] Referring now also to FIGS. 26 A and 26B, there are
shown screen shots depicting an example of a user interface
for selecting among candidate interpretations, according to
one embodiment. FIG. 26 A shows a presentation of the user’s
speech with dots underlying an ambiguous interpretation
2651. If the user taps on the text, it shows alternative inter-
pretations 2652A, 2652B as depicted in FIG. 26B. In one
embodiment, context 1000 can influence which of the candi-
date interpretations 2652A, 2652B is a preferred interpreta-
tion (which is shown as an initial default as in FIG. 26 A) and
also the selection of a finite set of alternatives to present as in
FIG. 26B.

[0329] In various embodiments, user selection 136 among
the displayed choices can be achieved by any mode of input,
including for example multimodal input. Such input modes
include, without limitation, actively elicited typed input,
actively elicited speech input, actively presented GUI for
input, and/or the like. In one embodiment, the user can select
among candidate interpretations 134, for example by tapping
or speaking. In the case of speaking, the possible interpreta-
tion of the new speech input is highly constrained by the small
set of choices offered 134.

[0330] Whether input is automatically selected 130 or
selected 136 by the user, the resulting one or more text inter-
pretation(s) 190 is/are returned. In at least one embodiment,
the returned input is annotated, so that information about
which choices were made in step 136 is preserved along with
the textual input. This enables, for example, the semantic
concepts or entities underlying a string to be associated with
the string when it is returned, which improves accuracy of
subsequent language interpretation.

[0331] Any of the sources described in connection with
FIG. 1 can provide context 1000 to the speech elicitation and
interpretation method depicted in FIG. 3. For example:

[0332] Personal Acoustic Context Data 1080 be used to
select from possible SLMs 1029 or otherwise tune them
to optimize for recognized acoustical contexts.

[0333] Device Sensor Data 1056, describing properties
of microphones and/or cameras in use, can be used to
select from possible SLMs 1029 or otherwise tune them
to optimize for recognized acoustical contexts.

[0334] Vocabulary from personal databases 1058 and
application preferences and usage history 1072 can be
used as context 1000. For example, the titles of media
and names of artists can be used to tune language models
1029.

[0335] Current dialog state, part of dialog history and
assistant memory 1052, can be used to bias the generate/
filter/rank of candidate interpretations 124 by text-to-
speech service 122. For example, one kind of dialog
state is asking a yes/no question. When in such a state,
procedure 100 can select an SLM 1029 that biases
toward hearing these words, or it can bias the ranking
and filtering of these words in a context-specific tuning
at 122.

Use of Context in Natural Language Processing

[0336] Context 1000 can be used to facilitate natural lan-
guage processing (NLP)—the parsing of text input into
semantic structures representing the possible parses. Refer-
ring now to FIG. 4, there is shown a flow diagram depicting a
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method for using context in natural language processing as
may be performed by language interpreter 2770, according to
one embodiment.

[0337] The method begins 200. Input text 202 is received.
In one embodiment, input text 202 is matched 210 against
words and phrases using pattern recognizers 2760, vocabu-
lary databases 2758, ontologies and other models 1050, so as
to identify associations between user input and concepts. Step
210 yields a set of candidate syntactic parses 212, which are
matched for semantic relevance 220 producing candidate
semantic parses 222. Candidate parses are then processed to
remove ambiguous alternatives at 230, filtered and sorted by
relevance 232, and returned.

[0338] Throughout natural language processing, contex-
tual information 1000 can be applied to reduce the hypothesis
space and constrain possible parses. For example, if language
interpreter 2770 receives two candidates “call her” and “call
Herb” to, then language interpreter 2770 would find bindings
212 for the words “call”, “her”, and “Herb”. Application
context 1060 can be used to constrain the possible word
senses for “call” to mean “phone call”. Context can also be
used to find the referents for “her” and “Herb”. For “her”, the
context sources 1000 could be searched for a source of call-
able entities. In this example, the party to a text messaging
conversation s a callable entity, and this information is part of
the context coming from the text messaging application. In
the case of “Herb”, the user’s address book is a source of
disambiguating context, as are other personal data such as
application preferences (such as favorite numbers from
domain entity databases 2772) and application usage history
(such as recent phone calls from domain entity databases
2772). In an example where the current text messaging party
is RebeccaRichards and there is a HerbGowen in the user’s
address book, the two parses created by language interpreter
2770 would be semantic structures representing “PhoneCall
(RebeccaRichards)” and “PhoneCall (HerbGowen)”.

[0339] Data from application preferences and usage history
1072, dialog history and assistant memory 1052, and/or per-
sonal databases 1058 can also be used by language interpreter
2770 in generating candidate syntactic parses 212. Such data
can be obtained, for example, from short- and/or long-term
memory 2752, 2754. In this manner, input that was provided
previously in the same session, and/or known information
about the user, can be used to improve performance, reduce
ambiguity, and reinforce the conversational nature of the
interaction. Data from active ontology 1050, domain models
2756, and task flow models 2786 can also be used, to imple-
ment evidential reasoning in determining valid candidate syn-
tactic parses 212.

[0340] In semantic matching 220, language interpreter
2770 considers combinations of possible parse results
according to how well they fit semantic models such as
domain models and databases. Semantic matching 220 may
use data from, for example, active ontology 1050, short term
personal memory 2752, and long term personal memory
2754. For example, semantic matching 220 may use data
from previous references to venues or local events in the
dialog (from dialog history and assistant memory 1052) or
personal favorite venues (from application preferences and
usage history 1072). Semantic matching 220 step also uses
context 1000 to interpret phrases into domain intent struc-
tures. A set of candidate, or potential, semantic parse results is
generated 222.
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[0341] In disambiguation step 230, language interpreter
2770 weighs the evidential strength of candidate semantic
parse results 222. Disambiguation 230 involves reducing the
number of candidate semantic parse 222 by eliminating
unlikely or redundant alternatives. Disambiguation 230 may
use data from, for example, the structure of active ontology
1050. In at least one embodiment, the connections between
nodes in an active ontology provide evidential support for
disambiguating among candidate semantic parse results 222.
In one embodiment, context 1000 is used to assist in such
disambiguation. Examples of such disambiguation include:
determining one of several people having the same name;
determining a referent to a command such as “reply” (email
or text message); pronoun dereferencing; and the like.
[0342] For example, input such as “call Herb” potentially
refers to any entity matching “Herb”. There could be any
number of such entities, not only in the user’s address book
(personal databases 1058) but also in databases of names of
businesses from personal databases 1058 and/or domain
entity databases 2772. Several sources of context can con-
strain the set of matching “Herbs”, and/or rank and filter them
in step 232. For example:

[0343] Other Application Preferences and Usage history
1072, such as a Herb who is on a favorite phone numbers
list, or recently called, or recently party to a text message
conversation or email thread;

[0344] Herb mentioned in personal databases 1058, such
as a Herb who is named as relationship, such as father or
brother, or listed participant in a recent calendar event. If
the task were playing media instead of phone calling,
then the names from media titles, creators, and the like
would be sources of constraint;

[0345] A recent ply of a dialog 1052, either in request or
results. For example, as described above in connection
with FIGS. 25A to 25B, after searching for email from
John, with the search result still in the dialog context, the
user can compose a reply. Assistant 1002 can use the
dialog context to identify the specific application
domain object context.

[0346] Context 1000 can also help reduce the ambiguity in
words other than proper names. For example, if the user of an
email application tells assistant 1002 to “reply” (as depicted
in FIG. 20), the context of the application helps determine that
the word should be associated with EmailReply as opposed to
TextMessagingReply.

[0347] In step 232, language interpreter 2770 filters and
sorts 232 the top semantic parses as the representation of user
intent 290. Context 1000 can be used to inform such filtering
and sorting 232. The result is a representation of user intent
290.

Use of Context in Task Flow Processing

[0348] Referring now to FIG. 5, there is shown a flow
diagram depicting a method for using context in task flow
processing as may be performed by dialog flow processor
2780, according to one embodiment. In task flow processing,
candidate parses generated from the method of FIG. 4 are
ranked and instantiated to produce operational task descrip-
tions that can be executed.

[0349] The method begins 300. Multiple candidate repre-
sentations of user intent 290 are received. As described in
connection with FIG. 4, in one embodiment, representations
of user intent 290 include a set of semantic parses.
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[0350] Instep 312, dialog flow processor 2780 determines
the preferred interpretation of the semantic parse(s) with
other information to determine a task to perform and its
parameters, based on a determination of the user’s intent.
Information may be obtained, for example, from domain
models 2756, task flow models 2786, and/or dialog flow
models 2787, or any combination thereof. For example, a task
might be PhoneCall and a task parameter is the PhoneNumber
to call.

[0351] In one embodiment, context 1000 is used in per-
forming step 312, to guide the binding of parameters 312 by
inferring default values and resolving ambiguity. For
example, context 1000 can guide the instantiation of the task
descriptions and determining whether there is a best interpre-
tation of the user’s intent.

[0352] Forexample, assume the intent inputs 290 are Phon-
eCall(RebeccaRichards)” and “PhoneCall (HerbGowen)”.
The PhoneCall task requires parameter PhoneNumber. Sev-
eral sources of context 100 can be applied to determine which
phone number for Rebecca and Herb would work. In this
example, the address book entry for Rebecca in a contacts
database has two phone numbers and the entry for Herb has
no phone numbers but one email address. Using the context
information 1000 from personal databases 1058 such as the
contacts database allows virtual assistant 1002 to prefer
Rebecca over Herb, since there is a phone number for
Rebecca and none for Herb. To determine which phone num-
ber to use for Rebecca, application context 1060 can be con-
sulted to choose the number that is being used to carry on text
messaging conversation with Rebecca. Virtual assistant 1002
can thus determine that “call her” in the context of a text
messaging conversation with Rebecca Richards means make
aphone call to the mobile phone that Rebecca is using for text
messaging. This specific information is returned in step 390.

[0353] Context 1000 can be used for more than reducing
phone number ambiguity. It can be used whenever there are
multiple possible values for a task parameter, as long as any
source of context 1000 having values for that parameter is
available. Other examples in which context 1000 can reduce
the ambiguity (and avoid having to prompt the user to select
among candidates) include, without limitation: email
addresses; physical addresses; times and dates; places; list
names; media titles; artist names; business names; or any
other value space.

[0354] Other kinds of inferences required for task flow
processing 300 can also benefit from context 1000. For
example, default value inference can use the current location,
time, and other current values. Default value inference is
useful for determining the values of task parameters that are
implicit in the user’s request. For example, if someone says
“what is the weather like?” they implicitly mean what is the
current weather like around here.

[0355] Instep 310, dialog flow processor 2780 determines
whether this interpretation of user intent is supported strongly
enough to proceed, and/or if it is better supported than alter-
native ambiguous parses. If there are competing ambiguities
or sufficient uncertainty, then step 322 is performed, to set the
dialog flow step so that the execution phase causes the dialog
to output a prompt for more information from the user. An
example of a screen shot for prompting the user to resolve an
ambiguity is shown in FIG. 14. Context 1000 can be used in
step 322 in sorting and annotating the displayed menu of
candidate items for the user to choose from.
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[0356] In step 320, the task flow model is consulted to
determine an appropriate next step. Information may be
obtained, for example, from domain models 2756, task flow
models 2786, and/or dialog flow models 2787, or any com-
bination thereof.

[0357] Theresult of step 320 or step 322 is a representation
of'the user’s request 390, which may include the task param-
eters sufficient for dialog flow processor 2780 and services
orchestration 2782 to dispatch to the appropriate service.

Use of Context to Improve Dialog Generation

[0358] During dialog response generation 500, assistant
1002 may paraphrase back its understanding of the user’s
intent and how it is being operationalized in a task. An
example of such output is “OK, I'll call Rebecca on her
mobile . . . ” This allows the user to authorize assistant 1002
to perform the associated task automation, such as placing a
call. In dialog generation step 500, assistant 1002 determines
how much detail to convey back to the user in paraphrasing its
understanding of the user’s intent.

[0359] In one embodiment, context 1000 can also be used
to guide selection of the appropriate level of detail in the
dialog, as well as to filter based on previous output (so as to
avoid repeating information). For example, assistant 1002
can use the knowledge that the person and phone number
were inferred from context 1000 to determine whether to
mention the name and phone number and in what level of
detail. Examples of rules that can be applied include, without
limitation:

[0360] When a pronoun is resolved by context, mention
the person to call by name.

[0361] When aperson is inferred from a familiar context
such as text messaging, use only the first name.

[0362] When a phone number is inferred from applica-
tion or personal data context, use the symbolic name of
the phone number such as “mobile phone” rather than
the actual number to dial.

[0363] Inaddition to guiding the appropriate level of detail,
context 1000 can also be used in dialog generation step 500,
for example, to filter previous utterances, so as to avoid rep-
etition, and to refer to previously mentioned entities in the
conversation.

[0364] One skilled in the art will recognize that context
1000 can also be used in other ways. For example, in connec-
tion with the techniques described herein, context 1000 can
be used according to mechanisms described in related U.S.
Utility application Ser. No. 12/479,477 for “Contextual Voice
Commands”, attorney docket number P7393US1, filed Jun.
5, 2009, the entire disclosure of which is incorporated herein
by reference.

Context Gathering and Communication Mechanisms

[0365] In various embodiments, different mechanisms are
used for gathering and communicating context information in
virtual assistant 1002. For example, in one embodiment,
wherein virtual assistant 1002 is implemented in a client/
server environment so that its services are distributed
between the client and the server, sources of context 1000
may also be distributed.

[0366] Referring now to FIG. 6, there is shown an example
of distribution of sources of context 1000 between client 1304
and server 1340 according to one embodiment. Client device
1304, which may be a mobile computing device or other
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device, can be the source of contextual information 1000 such
as device sensor data 1056, current application context 1060,
event context 2706, and the like. Other sources of context
1000 can be distributed on client 1304 or server 1340, or some
combination of both. Examples include application prefer-
ences and usage history 1072¢, 1072s; dialog history and
assistant memory 1052¢, 1052s; personal databases 1058c¢,
1058s; and personal acoustic context data 1080c, 1080s. In
each ofthese examples, sources of context 1000 may exist on
server 1340, on client 1304, or on both. Furthermore, as
described above, the various steps depicted in FIG. 2 can be
performed by client 1304 or server 1340, or some combina-
tion of both.

[0367] Inoneembodiment, context 1000 can be communi-
cated among distributed components such as client 1304 and
server 1340. Such communication can be over a local API or
over a distributed network, or by some other means.

[0368] Referring now to FIGS. 7a through 7d, there are
shown event diagrams depicting examples of mechanisms for
obtaining and coordinating context information 1000 accord-
ing to various embodiments. Various techniques exist for
loading, or communicating, context so that it is available to
virtual assistant 1002 when needed or useful. Each of these
mechanisms is described in terms of four events that can place
with regard to operation of virtual assistant 1002: device or
application initialization 601; initial user input 602; initial
input processing 603, and context-dependent processing 604.
[0369] FIG. 7a depicts an approach in which context infor-
mation 1000 is loaded using a “pull” mechanism once user
input has begun 602. Once user invokes virtual assistant 1002
and provides at least some input 602, virtual assistant 1002
loads 610 context 1000. Loading 610 can be performed by
requesting or retrieving context information 1000 from an
appropriate source. Input processing 603 starts once context
1000 has been loaded 610.

[0370] FIG. 75 depicts an approach in which some context
information 1000 is loaded 620 when a device or application
is initialized 601; additional context information 1000 is
loaded using a pull mechanism once user input has begun
602. In one embodiment, context information 1000 that is
loaded 620 upon initialization can include static context (i.e.,
context that does not change frequently); context information
1000 that is loaded 621 once user input starts 602 includes
dynamic context (i.e., context that may have changed since
static context was loaded 620). Such an approach can improve
performance by removing the cost of loading static context
information 1000 from the runtime performance of the sys-
tem.

[0371] FIG. 7¢ depicts a variation of the approach of FIG.
7b. In this example, dynamic context information 1000 is
allowed to continue loading 621 after input processing begins
603. Thus, loading 621 can take place in parallel with input
processing. Virtual assistant 1002 procedure is only blocked
at step 604 when processing depends on received context
information 1000.

[0372] FIG. 7d depicts a fully configurable version, which
handles context in any of up to five different ways:

[0373] Static contextual information 1000 is synchro-
nized 640 in one direction, from context source to the
environment or device that runs virtual assistant 1002.
As data changes in the context source, the changes are
pushed to virtual assistant 1002. For example, an address
book might be synchronized to virtual assistant 1002
when it is initially created or enabled. Whenever the
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address book is modified, changes are pushed to the

virtual assistant 1002, either immediately or in a batched

approach. As depicted in FIG. 74, such synchronization

640 can take place at any time, including before user

input starts 602.

[0374] In one embodiment, when user input starts 602,
static context sources can be checked for synchroniza-
tion status. If necessary, a process of synchronizing
remaining static context information 1000 is begun 641.

[0375] When user input starts 602, some dynamic con-
text 1000 is loaded 642, as it was in 610 and 621 Proce-
dures that consume context 1000 are only blocked to
wait for the as-yet unloaded context information 1000
they need.

[0376] Other context information 1000 is loaded on
demand 643 by processes when they need it.

[0377] Event context 2706 is sent 644 from source to the
device running virtual assistant 1002 as events occur.
Processes that consume event context 2706 only wait for
the cache of events to be ready, and can proceed without
blocking any time thereafter. Event context 2706 loaded
in this manner may include any of the following:
[0378] Event context 2706 loaded before user input

starts 602, for example unread message notifications.
Such information can be maintained, for example,
using a synchronized cache.

[0379] Event context 2706 loaded concurrently with
or after user input has started 602. For an example,
while the user is interacting with virtual assistant
1002, a text message may arrive; the event context that
notifies assistant 1002 of this event can be pushed in
parallel with assistant 1002 processing.

[0380] In one embodiment, flexibility in obtaining and
coordinating context information 1000 is accomplished by
prescribing, for each source of context information 1000, a
communication policy and an access API that balances the
cost of communication against the value of having the infor-
mation available on every request. For example, variables that
are relevant to every speech-to-text request, such as personal
acoustic context data 1080 or device sensor data 1056
describing parameters of microphones, can be loaded on
every request. Such communication policies can be specified,
for example, in a configuration table.

[0381] Referring now to FIG. 9, there is shown an example
of a configuration table 900 that can be used for specifying
communication and caching policies for various sources of
context information 1000, according to one embodiment. For
each of a number of different context sources, including user
name, address book names, address book numbers, SMS
event context, and calendar database, a particular type of
context loading is specified for each of the steps of FIG. 2:
elicit and interpret speech input 100, interpret natural lan-
guage 200, identify task 300, and generate dialog response
500. Each entry in table 900 indicates one of the following:

[0382] Sync: context information 1000 is synchronized
on the device;

[0383] On demand: context information 1000 is pro-
vided in response to virtual assistant’s 1002 request for
it;

[0384] Push: context information 1000 is pushed to the
device.

[0385] The fully configurable method allows a large space
of potentially relevant contextual information 1000 to be
made available to streamline the natural language interaction
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between human and machine. Rather than loading all of this
information all of the time, which could lead to inefficiencies,
some information is maintained in both the context source
and virtual assistant 1002, while other information is queried
on demand. For example, as described above, information
such as names used in real time operations such as speech
recognition is maintained locally, while information that is
only used by some possible requests such as a user’s personal
calendar is queried on demand. Data that cannot be antici-
pated at the time of a user’s invoking the assistant such as
incoming SMS events are pushed as they happen.

[0386] Referring now to FIG. 10, there is shown an event
diagram 950 depicting an example of accessing the context
information sources configured in FIG. 9 during the process-
ing of an interaction sequence in which assistant 1002 is in
dialog with a user, according to one embodiment.

[0387] The sequence depicted in FIG. 10 represents the
following interaction sequence:

[0388] T,: Assistant 1002: “Hello Steve, what I can I do
for you?”

[0389] T,: User: “When is my next meeting?”

[0390] T;: Assistant 1002: “Your next meeting is at 1:00

pm in the boardroom.”

[0391] T.,: [Sound of incoming SMS message]
[0392] Ts: User: “Read me that message.”
[0393] T,: Assistant 1002: “Your message from Johnny

says ‘How about lunch’”

[0394] T,: User: “Tell Johnny I can’t make it today.”
[0395] T,: Assistant 1002: “OK, I'll tell him.”
[0396] Attime T, before the interaction begins, user name

is synched 770 and address book names are synched 771.
These are examples of static context loaded at initialization
time, as shown in element 640 of FIG. 7d. This allows assis-
tant 1002 to refer to the user by his first name (“Steve”).
[0397] At time T, synching steps 770 and 771 are com-
plete. Attime T, the user speaks a request, which is processed
according to steps 100, 200, and 300 of FIG. 2. In task iden-
tification step 300, virtual assistant 1002 queries 774 user’s
personal database 1058 as a source of context 1000: specifi-
cally, virtual assistant 1002 requests information from the
user’s calendar database, which is configured for on demand
access according to table 900. At time T;, step 500 is per-
formed and a dialog response is generated.

[0398] At time T,, an SMS message is received; this is an
example of event context 2706. Notification of the event is
pushed 773 to virtual assistant 1002, based on the configura-
tion in table 900.

[0399] At time T,, the user asks virtual assistant 1002 to
read the SMS message. The presence of the event context
2706 guides the NLP component in performing step 200, to
interpret “that message” as a new SMS message. At time T,
step 300 can be performed by the task component to invoke an
API to read the SMS message to the user. Attime T, the user
makes request with an ambiguous verb (“tell”) and name
(“Johnny”). The NLP component interprets natural language
200 by resolving these ambiguities using various sources of
context 1000 including the event context 2706 received in
step 773; this tells the NLP component that the command
refers to an SMS message from a person named Johnny. At
step T, execute flow step 400 is performed, including match-
ing the name 771 by looking up the number to use from the
received event context object. Assistant 1002 is thus able to
compose a new SMS message and send it to Johnny, as
confirmed in step Ts.
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[0400] The present invention has been described in particu-
lar detail with respect to possible embodiments. Those of skill
in the art will appreciate that the invention may be practiced in
other embodiments. First, the particular naming of the com-
ponents, capitalization of terms, the attributes, data struc-
tures, or any other programming or structural aspect is not
mandatory or significant, and the mechanisms that implement
the invention or its features may have different names, for-
mats, or protocols. Further, the system may be implemented
via a combination of hardware and software, as described, or
entirely in hardware elements, or entirely in software ele-
ments. Also, the particular division of functionality between
the various system components described herein is merely
exemplary, and not mandatory; functions performed by a
single system component may instead be performed by mul-
tiple components, and functions performed by multiple com-
ponents may instead be performed by a single component.

[0401] In various embodiments, the present invention can
be implemented as a system or a method for performing the
above-described techniques, either singly or in any combina-
tion. In another embodiment, the present invention can be
implemented as a computer program product comprising a
nontransitory computer-readable storage medium and com-
puter program code, encoded on the medium, for causing a
processor in a computing device or other electronic device to
perform the above-described techniques.

[0402] Reference in the specification to “one embodiment”
or to “an embodiment” means that a particular feature, struc-
ture, or characteristic described in connection with the
embodiments is included in at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” in various places in the specification are not necessarily
all referring to the same embodiment.

[0403] Some portions of the above are presented in terms of
algorithms and symbolic representations of operations on
data bits within a memory of a computing device. These
algorithmic descriptions and representations are the means
used by those skilled in the data processing arts to most
effectively convey the substance of their work to others
skilled in the art. An algorithm is here, and generally, con-
ceived to be a self-consistent sequence of steps (instructions)
leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of elec-
trical, magnetic or optical signals capable of being stored,
transferred, combined, compared and otherwise manipulated.
It is convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements, sym-
bols, characters, terms, numbers, or the like. Furthermore, itis
also convenient at times, to refer to certain arrangements of
steps requiring physical manipulations of physical quantities
as modules or code devices, without loss of generality.

[0404] It should be borne in mind, however, that all of these
and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the following discussion, it is appreciated that
throughout the description, discussions utilizing terms such
as “processing” or “computing” or “calculating” or “display-
ing” or “determining” or the like, refer to the action and
processes of a computer system, or similar electronic com-
puting module and/or device, that manipulates and trans-
forms data represented as physical (electronic) quantities
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within the computer system memories or registers or other
such information storage, transmission or display devices.
[0405] Certain aspects of the present invention include pro-
cess steps and instructions described herein in the form of an
algorithm. It should be noted that the process steps and
instructions of the present invention can be embodied in soft-
ware, firmware and/or hardware, and when embodied in soft-
ware, can be downloaded to reside on and be operated from
different platforms used by a variety of operating systems.
[0406] The presentinvention also relates to an apparatus for
performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
comprise a general-purpose computing device selectively
activated or reconfigured by a computer program stored in the
computing device. Such a computer program may be stored in
a computer readable storage medium, such as, but is not
limited to, any type of disk including floppy disks, optical
disks, CD-ROMSs, magnetic-optical disks, read-only memo-
ries (ROMs), random access memories (RAMs), EPROMs,
EEPROMSs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for
storing electronic instructions, and each coupled to a com-
puter system bus. Further, the computing devices referred to
herein may include a single processor or may be architectures
employing multiple processor designs for increased comput-
ing capability.

[0407] The algorithms and displays presented herein are
not inherently related to any particular computing device,
virtualized system, or other apparatus. Various general-pur-
pose systems may also be used with programs in accordance
with the teachings herein, or it may prove convenient to
construct more specialized apparatus to perform the required
method steps. The required structure for a variety of these
systems will be apparent from the description provided
herein. In addition, the present invention is not described with
reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement the teachings of the present invention as
described herein, and any references above to specific lan-
guages are provided for disclosure of enablement and best
mode of the present invention.

[0408] Accordingly, in various embodiments, the present
invention can be implemented as software, hardware, and/or
other elements for controlling a computer system, computing
device, or other electronic device, or any combination or
plurality thereof. Such an electronic device can include, for
example, a processor, an input device (such as a keyboard,
mouse, touchpad, trackpad, joystick, trackball, microphone,
and/or any combination thereof), an output device (such as a
screen, speaker, and/or the like), memory, long-term storage
(such as magnetic storage, optical storage, and/or the like),
and/or network connectivity, according to techniques that are
well known in the art. Such an electronic device may be
portable or nonportable. Examples of electronic devices that
may be used for implementing the invention include: amobile
phone, personal digital assistant, smartphone, kiosk, desktop
computer, laptop computer, tablet computer, consumer elec-
tronic device, consumer entertainment device; music player;
camera; television; set-top box; electronic gaming unit; or the
like. An electronic device for implementing the present inven-
tion may use any operating system such as, for example, i10S
or MacOS, available from Apple Inc. of Cupertino, Cali-
formia, or any other operating system that is adapted for use
on the device.
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[0409] While the invention has been described with respect
to a limited number of embodiments, those skilled in the art,
having benefit of the above description, will appreciate that
other embodiments may be devised which do not depart from
the scope of the present invention as described herein. In
addition, it should be noted that the language used in the
specification has been principally selected for readability and
instructional purposes, and may not have been selected to
delineate or circumscribe the inventive subject matter.
Accordingly, the disclosure of the present invention is
intended to be illustrative, but not limiting, of the scope of the
invention, which is set forth in the claims.

What is claimed is:

1. A computer-implemented method for interpreting user
input to perform a task on a computing device having at least
one processor, comprising:

at a processor, receiving context information from a con-

text source;

at an output device, prompting a user for input;

at an input device, receiving user input;

at the processor, interpreting the received user input to

derive a representation of user intent;

at the processor, identifying at least one task and at least

one parameter for the task, based at least in part on the
derived representation of user intent;

at the processor, executing the at least one task using the at

least one parameter, to derive a result;

at the processor, generating a dialog response based on the

derived result; and

at the output device, outputting the generated dialog

response;

wherein at least one of the steps of prompting the user for

input, interpreting the receiving user input, identifying
the at least one task and at least one parameter for the
task, and generating the dialog response is performed
using the received context information.

2. The method of claim 1, wherein the received context
information comprises at least one selected from the group
consisting of:

application context;

personal data associated with the user;

data from a database associated with the user;

data obtained from dialog history;

data received from at least one sensor;

application preferences;

application usage history;

data describing an event;

data describing an acoustic environment in which the spo-

ken input is received;

current dialog state;

input previously provided by the user;

location;

local time; and

environmental conditions.

3. The method of claim 1, wherein:

prompting the user comprises prompting the user via a

conversational interface; and

receiving user input comprises receiving user input via the

conversational interface by:
receiving spoken input; and
converting the spoken input to a text representation.

4. The method of claim 3, wherein converting the spoken
input to a text representation comprises:

generating a plurality of candidate text interpretations of

the spoken input; and

ranking at least a subset of the generated candidate text

interpretations;
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wherein at least one of the generating and ranking steps is

performed using the received context information.

5. The method of claim 4, wherein the received context
information used in at least one of the generating and ranking
steps comprises at least one selected from the group consist-
ing of:

data describing an acoustic environment in which the spo-

ken input is received;

data received from at least one sensor;

vocabulary obtained from a database associated with the

user;

vocabulary associated with application preferences;

vocabulary obtained from usage history; and

current dialog state.

6. The method of claim 1, wherein receiving user input
comprises receiving text input.

7. The method of claim 1, wherein prompting the user
comprises generating at least one prompt based at least in part
on the received context information.

8. The method of claim 1, wherein interpreting the received
user input to derive a representation of user intent comprises
performing natural language processing on the received user
input based at least in part on the received context informa-
tion.

9. The method of claim 8, wherein the received context
information used in interpreting the received user input com-
prises at least one selected from the group consisting of:

data describing an event;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

10. The method of claim 1, wherein performing natural
language processing comprises selecting among a plurality of
candidate interpretations of the received user input using the
received context information.

11. The method of claim 1, wherein performing natural
language processing comprises determining a referent for at
least one pronoun in the received user input.

12. The method of claim 1, wherein identifying at least one
task and at least one parameter for the task comprises identi-
fying at least one task and at least one parameter for the task
based at least in part on the received context information.

13. The method of claim 12, wherein identifying at least
one task and at least one parameter for the task based at least
in part on the received context information comprises:

receiving a plurality of candidate representations of user

intent;

determining a preferred interpretation of user intent based

on at least one selected from the group consisting of:
at least one domain model;

at least one task flow model; and

at least one dialog flow model.

14. The method of claim 12, wherein the received context
information used in identifying at least one task and at least
one parameter for the task comprises at least one selected
from the group consisting of:

data describing an event;

data from a database associated with the user;

data received from at least one sensor;

application context;

input previously provided by the user;

known information about the user;

location;
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date;

environmental conditions; and

history.

15. The method of claim 1, wherein generating a dialog
response comprises generating a dialog response based at
least in part on the received context information.

16. The method of claim 15, wherein generating a dialog
response based at least in part on the received context infor-
mation comprises at least one selected from the group con-
sisting of:

generating a dialog response including a named referent;

generating a dialog response including a symbolic name

associated with a telephone number;

determining which of a plurality of names to use for a

referent;

determining a level of detail for the generated response;

and

filtering a response based on previous output.

17. The method of claim 15, wherein the received context
informationused in generating a dialog response comprises at
least one selected from the group consisting of:

data from a database associated with the user;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

18. The method of claim 1, wherein the received context
information comprises at least one selected from the group
consisting of:

context information stored at a server; and

context information stored at a client.

19. The method of claim 1, wherein receiving context
information from a context source comprises:

requesting the context information from a context source;

and

receiving the context information in response to the

request.

20. The method of claim 1, wherein receiving context
information from a context source comprises:

receiving at least a portion of the context information prior

to receiving user input.

21. The method of claim 1, wherein receiving context
information from a context source comprises:

receiving at least a portion of the context information after

receiving user input.

22. The method of claim 1, wherein receiving context
information from a context source comprises:

receiving static context information as part of an initializa-

tion step; and

receiving additional context information after receiving

user input.

23. The method of claim 1, wherein receiving context
information from a context source comprises:

receiving push notification of a change in context informa-

tion; and

responsive to the push notification, updating locally stored

context information.

24. The method of claim 1, wherein the computing device
comprises at least one selected from the group consisting of:

a telephone;

a smartphone;

a tablet computer;

a laptop computer;

a personal digital assistant;

Petitioner Exhibit 1008, Page 55 of 58



US 2012/0265528 Al

a desktop computer;

a kiosk;

a consumer electronic device;

a consumer entertainment device;

a music player;

a camera,

a television;

an electronic gaming unit; and

a set-top box.

25. A computer program product for interpreting user input
to perform a task on a computing device having at least one
processor, comprising:

a nontransitory computer-readable storage medium; and

computer program code, encoded on the medium, config-

ured to cause at least one processor to perform the steps

of:

receiving context information from a context source;

causing an output device to prompt a user for input;

receiving user input via an input device;

interpreting the received user input to derive a represen-
tation of user intent;

identifying at least one task and at least one parameter
for the task, based at least in part on the derived
representation of user intent;

executing the at least one task using the at least one
parameter, to derive a result;

generating a dialog response based on the derived result;
and

causing the output device to output the generated dialog
response;

wherein the computer program code is configured to cause

at least one processor to perform at least one of the steps
of causing the output device to prompt the user for input,
interpreting the receiving user input, identifying the at
least one task and at least one parameter for the task, and
generating the dialog response using the received con-
text information.

26. The computer program product of claim 25, wherein
the received context information comprises at least one
selected from the group consisting of:

application context;

personal data associated with the user;

data from a database associated with the user;

data obtained from dialog history;

data received from at least one sensor;

application preferences;

application usage history;

data describing an event;

data describing an acoustic environment in which the spo-

ken input is received;

current dialog state;

input previously provided by the user;

location;

local time; and

environmental conditions.

27. The computer program product of claim 25, wherein:

the computer program code configured to cause an output

device to prompt the user comprises computer program
code configured to cause an output device to prompt the
user via a conversational interface; and

the computer program code configured to cause at least one

processor to receive user input comprises computer pro-
gram code configured to cause at least one processor to
receive user input via the conversational interface.

28. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive user input comprises:
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computer program code configured to cause at least one

processor to receive spoken input; and

computer program code configured to cause at least one

processor to convert the spoken input to a text represen-

tation by:

generating a plurality of candidate text interpretations of
the spoken input; and

ranking at least a subset of the generated candidate text
interpretations;

wherein at least one of the generating and ranking steps is

performed using the received context information.

29. The computer program product of claim 28, wherein
the received context information used in at least one of the
generating and ranking steps comprises at least one selected
from the group consisting of:

data describing an acoustic environment in which the spo-

ken input is received;

data received from at least one sensor;

vocabulary obtained from a database associated with the

user;

vocabulary associated with application preferences;

vocabulary obtained from usage history; and

current dialog state.

30. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to prompt the user comprises computer program
code configured to cause at least one processor to generate at
least one prompt based at least in part on the received context
information.

31. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to interpret the received user input to derive a
representation of user intent comprises computer program
code configured to cause at least one processor to perform
natural language processing on the received user input based
at least in part on the received context information.

32. The computer program product of claim 31, wherein
the received context information used in interpreting the
received user input comprises at least one selected from the
group consisting of:

data describing an event;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

33. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to identify at least one task and at least one param-
eter for the task comprises computer program code config-
ured to cause at least one processor to identify at least one task
and at least one parameter for the task based at least in part on
the received context information.

34. The computer program product of claim 33, wherein
the received context information used in identifying at least
one task and at least one parameter for the task comprises at
least one selected from the group consisting of:

data describing an event;

data from a database associated with the user;

data received from at least one sensor;

application context;

input previously provided by the user;

known information about the user;

location;

date;
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environmental conditions; and

history.

35. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to generate a dialog response comprises computer
program code configured to cause at least one processor to
generating a dialog response based at least in part on the
received context information.

36. The computer program product of claim 35, wherein
the received context information used in generating a dialog
response comprises at least one selected from the group con-
sisting of

data from a database associated with the user;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

37. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive context information from a context
source comprises:

computer program code configured to cause at least one

processor to request the context information from a con-
text source; and

computer program code configured to cause at least one

processor to receive the context information in response
to the request.

38. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive context information from a context
source comprises:

computer program code configured to cause at least one

processor to receive at least a portion of the context
information prior to receiving user input.

39. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive context information from a context
source comprises:

computer program code configured to cause at least one

processor to receive at least a portion of the context
information after receiving user input.

40. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive context information from a context
source comprises:

computer program code configured to cause at least one

processor to receive static context information as part of
an initialization step; and

the computer program code configured to cause at least one

processor to receive additional context information after
receiving user input.

41. The computer program product of claim 25, wherein
the computer program code configured to cause at least one
processor to receive context information from a context
source comprises:

computer program code configured to cause at least one

processor to receive push notification of a change in
context information; and

computer program code configured to cause at least one

processor to, responsive to the push notification, update
locally stored context information.
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42. A system for interpreting user input to perform a task,
comprising:

an output device, configured to prompt a user for input;

an input device, configured to receive user input;

at least one processor, communicatively coupled to the

output device and to the input device, configured to

perform the steps of:

receiving context information from a context source;

interpreting the received user input to derive a represen-
tation of user intent;

identifying at least one task and at least one parameter
for the task, based at least in part on the derived
representation of user intent;

executing the at least one task using the at least one
parameter, to derive a result; and

generating a dialog response based on the derived result;

wherein the output device is further configured to output

the generated dialog response;

and wherein at least one of prompting the user for input,

interpreting the receiving user input, identifying the at
least one task and at least one parameter for the task, and
generating the dialog response is performed using the
received context information.

43. The system of claim 42, wherein the received context
information comprises at least one selected from the group
consisting of:

application context;

personal data associated with the user;

data from a database associated with the user;

data obtained from dialog history;

data received from at least one sensor;

application preferences;

application usage history;

data describing an event;

data describing an acoustic environment in which the spo-

ken input is received;

current dialog state;

input previously provided by the user;

location;

local time; and

environmental conditions.

44. The system of claim 42, wherein:

the output device is configured to prompt the user via a

conversational interface; and

the input device is configured to receive user input via the

conversational interface by receiving spoken input;
and wherein the at least one processor is configured to
convert the spoken input to a text representation.

45. The system of claim 44, wherein the at least one pro-
cessor is configured to convert the spoken input to a text
representation by:

generating a plurality of candidate text interpretations of

the spoken input; and

ranking at least a subset of the generated candidate text

interpretations;

wherein at least one of the generating and ranking steps is

performed using the received context information.

46. The system of claim 45, wherein the received context
information used in at least one of the generating and ranking
comprises at least one selected from the group consisting of:

data describing an acoustic environment in which the spo-

ken input is received;

data received from at least one sensor;

vocabulary obtained from a database associated with the

user;
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vocabulary associated with application preferences;

vocabulary obtained from usage history; and

current dialog state.

47. The system of claim 42, wherein the output device is
configured to prompt the user by generating at least one
prompt based at least in part on the received context informa-
tion.

48. The system of claim 42, wherein the at least one pro-
cessor is configured to interpret the received user input to
derive a representation of user intent by performing natural
language processing on the received user input based at least
in part on the received context information.

49. The system of claim 48, wherein the received context
information used in interpreting the received user input com-
prises at least one selected from the group consisting of:

data describing an event;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

50. The system of claim 42, wherein the at least one pro-
cessor is configured to identify at least one task and at least
one parameter for the task by identifying at least one task and
at least one parameter for the task based at least in part on the
received context information.

51. The system of claim 50, wherein the received context
information used in identifying at least one task and at least
one parameter for the task comprises at least one selected
from the group consisting of:

data describing an event;

data from a database associated with the user;

data received from at least one sensor;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.

52. The system of claim 42, wherein the at least one pro-
cessor is configured to generate a dialog response by gener-
ating a dialog response based at least in part on the received
context information.

53. The system of claim 52, wherein the received context
information used in generating a dialog response comprises at
least one selected from the group consisting of:

data from a database associated with the user;

application context;

input previously provided by the user;

known information about the user;

location;

date;

environmental conditions; and

history.
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54. The system of claim 42, wherein the received context
information comprises at least one selected from the group
consisting of:

context information stored at a server; and

context information stored at a client.

55. The system of claim 42, wherein the at least one pro-
cessor is configured to receive context information from a
context source by:

requesting the context information from a context source;

and

receiving the context information in response to the

request.

56. The system of claim 42, wherein the at least one pro-
cessor is configured to receive context information from a
context source by:

receiving at least a portion of the context information prior

to receiving user input.

57. The system of claim 42, wherein the at least one pro-
cessor is configured to receive context information from a
context source by:

receiving at least a portion of the context information after

receiving user input.

58. The system of claim 42, wherein the at least one pro-
cessor is configured to receive context information from a
context source by:

receiving static context information as part of an initializa-

tion step; and

receiving additional context information after receiving

user input.

59. The system of claim 42, wherein the at least one pro-
cessor is configured to receive context information from a
context source by:

receiving push notification of a change in context informa-

tion; and

responsive to the push notification, updating locally stored

context information.

60. The system of claim 42, wherein the output device,
input device, and at least one processor are implemented as
components of at least one selected from the group consisting
of:

a telephone;

a smartphone;

a tablet computer;

a laptop computer;

a personal digital assistant;

a desktop computer;

a kiosk;

a consumer electronic device;

a consumer entertainment device;

a music player;

a camera;

a television;

an electronic gaming unit; and

a set-top box.
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