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FIG. 1

SECOND USER

municating with a second user. The first user is associated with a first personal
digital assistant (PDA1) component, while the second user is associated with
a second personal digital assistant (PDA2) component. When the first user at-
tempts to communicate with the second user, the PDA2 component cooperates
with the PDA1 component to provide at least one PDA2-suggested communi-
cation option to the PDA1 component. The PDA1 component may provide the
PDA2-suggested communication option(s) to the first user via a contact card
associated with the second user. A registration system plays a role in establish-
ing the interaction between the PDA1 component and the PDA2 component
when status information pertaining to the second user is sufficiently fresh; oth-
erwise, the registration service can provide one or more default registration-ser-
vice-specitied communication options to the first user.

[Continued on next page]
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SUGGESTING COMMUNICATION OPTIONS USING VIRTUAL ASSISTANTS

BACKGROUND
[0001] In current practice, a first user can choose from among several communication
options to interact with a second user. For example, the first user can set up a telephone
call, video conferencing session, etc. Or the first user may send an instant message (using
an instant messaging application), a text, an Email, etc. to the second user. On any
particular occasion, the first user may choose a communication option based on various ad
hoc considerations. For example, the first user may choose whatever communication
option that he or she most commonly uses to interact with the second user. Or the first user
may choose a communication option based on the perceived preference of the second user.
[0002] An attempt by the first user to communicate with the second user fails when
the second user is unable or unwilling to interact with the first user via the chosen
communication option, at the current time. For instance, the first user may attempt to
establish a telephone call with the second user when the second user is unable to receive it,
e.g., because the user is occupied with a task that precludes handling the telephone call.
[0003] An individual application (such as an Email application) sometimes provides
presence information which alerts the first user whether the second user is currently active
with respect to that particular application. But this presence information is narrow in
scope and unreliable. For example, the second user may be signed onto a particular
application, but may be otherwise unavailable to interact with the first user.

SUMMARY

[0004] A computer-implemented technique is described herein for assisting a first user
in communicating with a second user. The first user is associated with a first personal
digital assistant (PDA1) component, while the second user is associated with a second
personal digital assistant (PDA2) component. In one implementation, when the first user
attempts to communicate with the second user, the PDA2 component cooperates with the
PDA1 component to provide at least one PDA2-suggested communication option to the
first user. The PDA2 component selects the PDA2-suggested communication option(s)
based on consideration of the current context of the second user.
[0005] According to another illustrative aspect, the first user triggers the interaction
between the PDA1 component and the PDA2 component by activating a digital contact

card associated with the second user. Further, the PDA1 component can display the
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PDA2-suggested communication option(s) via the digital contact card.
[0006] According to another illustrative aspect, a registration system provides initial
setup information to the PDA1 component, for use by the PDA1 component in contacting
the PDA2 component. But if the registration system determines that the current status of
the second user has not been recently updated by the PDA2 component (with respect to an
environment-specific update rate), the registration system can send at least one
registration-service-specified communication option to the PDA1 component. The PDA1
component can immediately provide the registration-service-specified communication
option(s) to the first user, without receiving the PDA2-suggested communication option(s)
from the PDA2 component.
[0007] The above technique can be manifested in various types of systems, devices,
components, methods, computer-readable storage media, data structures, graphical user
interface presentations, articles of manufacture, and so on.
[0008] This Summary is provided to introduce a selection of concepts in a simplified
form; these concepts are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used to limit the scope of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 shows a system for assisting a first user in communicating with a second
user. The system leverages a first personal digital assistant (PDA1) component associated
with the first user and a second personal digital assistant (PDA2) component associated
with the second user.
[0010] Fig. 2 shows computing equipment for use in implementing the system of Fig.
1.
[0011] Fig. 3 shows a signal diagram that explains one manner by which a registration
system (which is a component of the system of Fig. 1) can update status information,
describing the current status of the first user and the second user.
[0012] Fig. 4 is a signal diagram that explains one manner by which the system of Fig.
1 can provide one or more PDA2-suggested communication options to the first user.
[0013] Fig. 5 is a signal diagram that explains one manner by which the system of Fig.
1 can provide one or more registration-service-specified communication options to the
first user, upon determining, by the registration system, that the status information

pertaining to the second user is not sufficiently up to date.
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[0014] Fig. 6 shows a digital contact card associated with a second user, prior to the
receipt of PDA2-suggested communication options.
[0015] Fig. 7 shows a digital contact card associated with the second user, showing
one PDA2-suggested communication option.
[0016] Fig. 8 shows another digital contact card showing another PDA2-suggested
communication option.
[0017] Fig. 9 shows one implementation of a suggestion component that provides
PDA2-suggested communication option(s).
[0018] Fig. 10 shows a variation of the system of Fig. 1, which accommodates the
scenario in which the first user attempts to communicate with two or more other users.
[0019] Fig. 11 shows digital contact card information that can be presented by the
system of Fig. 10.
[0020] Fig. 12 is a flowchart that describes one manner by which the registration
system can update status information.
[0021] Fig. 13 is a flowchart that describes one manner by which the registration
system can handle status inquiries from any PDA component.
[0022] Fig. 14 is a flowchart that describes one manner of operation of the system of
Fig. 1, from the perspective of the PDA1 component.
[0023] Fig. 15 is a flowchart that describes one manner of operation of the system of
Fig. 1, from the perspective of the PDA2 component.
[0024] Fig. 16 shows a representative PDA component for use in conjunction with the
system of Fig. 1.
[0025] Fig. 17 shows a language understanding component for use in the PDA
component of Fig. 16.
[0026] Fig. 18 shows illustrative computing functionality that can be used to
implement any aspect of the features shown in the foregoing drawings.
[0027] The same numbers are used throughout the disclosure and figures to reference
like components and features. Series 100 numbers refer to features originally found in
Fig. 1, series 200 numbers refer to features originally found in Fig. 2, series 300 numbers
refer to features originally found in Fig. 3, and so on.

DETAILED DESCRIPTION
[0028] This disclosure is organized as follows. Section A describes a computer-
implemented system for assisting a first user in communicating with a second user.

Section B sets forth illustrative methods which explain the operation of the system of
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Section A. Section C provides an example of a personal digital assistant (PDA)
component that can be used in conjunction with the system of Fig. 1. And Section D
describes illustrative computing functionality that can be used to implement any aspect of
the features described in Sections A-C.

[0029] As a preliminary matter, some of the figures describe concepts in the context of
one or more structural components, also referred to as functionality, modules, features,
elements, etc. In one implementation, the various components shown in the figures can be
implemented by software running on computer equipment, or other logic hardware (e.g.,
FPGAs), etc., or any combination thereof. In one case, the illustrated separation of various
components in the figures into distinct units may reflect the use of corresponding distinct
physical and tangible components in an actual implementation. Alternatively, or in
addition, any single component illustrated in the figures may be implemented by plural
actual physical components. Alternatively, or in addition, the depiction of any two or
more separate components in the figures may reflect different functions performed by a
single actual physical component. Section D provides additional details regarding one
illustrative physical implementation of the functions shown in the figures.

[0030] Other figures describe the concepts in flowchart form. In this form, certain
operations are described as constituting distinct blocks performed in a certain order. Such
implementations are illustrative and non-limiting. Certain blocks described herein can be
grouped together and performed in a single operation, certain blocks can be broken apart
into plural component blocks, and certain blocks can be performed in an order that differs
from that which is illustrated herein (including a parallel manner of performing the
blocks). In one implementation, the blocks shown in the flowcharts can be implemented
by software running on computer equipment, or other logic hardware (e.g., FPGAs), etc.,
or any combination thereof.

[0031] As to terminology, the phrase “configured to” encompasses various physical
and tangible mechanisms for performing an identified operation. The mechanisms can be
configured to perform an operation using, for instance, software running on computer
equipment, or other logic hardware (e.g., FPGAs), etc., or any combination thereof.

[0032] The term “logic” encompasses various physical and tangible mechanisms for
performing a task. For instance, each operation illustrated in the flowcharts corresponds to
a logic component for performing that operation. An operation can be performed using,
for instance, software running on computer equipment, or other logic hardware (e.g.,

FPGAs), etc., or any combination thereof. When implemented by computing equipment, a
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logic component represents an electrical component that is a physical part of the
computing system, in whatever manner implemented.
[0033] Any of the storage resources described herein, or any combination of the
storage resources, may be regarded as a computer-readable medium. In many cases, a
computer-readable medium represents some form of physical and tangible entity. The
term computer-readable medium also encompasses propagated signals, e.g., transmitted or
received via a physical conduit and/or air or other wireless medium, etc. However, the
specific terms “computer-readable storage medium” and “computer-readable storage
medium device” expressly exclude propagated signals per se, while including all other
forms of computer-readable media.
[0034] The following explanation may identify one or more features as “optional.”
This type of statement is not to be interpreted as an exhaustive indication of features that
may be considered optional; that is, other features can be considered as optional, although
not explicitly identified in the text. Further, any description of a single entity is not
intended to preclude the use of plural such entities; similarly, a description of plural
entities is not intended to preclude the use of a single entity. Further, while the description
may explain certain features as alternative ways of carrying out identified functions or
implementing identified mechanisms, the features can also be combined together in any
combination. Finally, the terms “exemplary” or “illustrative” refer to one implementation
among potentially many implementations.

A. Tllustrative System
[0035] Fig. 1 shows a system 102 for assisting a first user in communicating with a
second user, and vice versa. The system 102 leverages a first personal digital assistant
(PDA1) component 104 associated with the first user and a second personal digital
assistant (PDA2) 106 component associated with the second user. A PDA component
refers to technology that assists a user in performing various tasks, such as scheduling a
meeting, purchasing an airline ticket, performing a search, etc. A PDA is “personal”
insofar as it provides customized service to a particular user. It provides personalized
service, in part, based on knowledge gained through past interactions with the user, and
through privileged access to other applications associated with the user (such as a calendar
application). In one implementation, each PDA component corresponds to an instance of
the CORTANA personal digital assistant service, provided by MICROSOFT
CORPORATION of Redmond, Washington, which has been modified and supplemented

in the manner described below to provide new cross-PDA functions.
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[0036] While the system 102 shows two PDA components (104, 106), the system 102
can include any number of PDA components which cooperatively work to establish a
communication session among three or more people. Figs. 10 and 11 set forth such an
implementation. However, to simplify and facilitate explanation, it will be initially
assumed that the system 102 provides guidance to the first user in communicating with
one other user (i.e., the second user).

[0037] The PDA1 component 104 provides its services to the first user, who interacts
with the PDA1 component 104, using one or more user computing devices 108. Likewise,
the PDA2 component 106 provides its services to the second user, who interacts with the
PDA2 component 106 using one or more user computing devices 110.

[0038] The system 102 is described below in the illustrative context in which the first
user initiates communication with the second user. But the system 102 also allows the
second user to initiate communication with the first user.  As used herein,
“communication” between the first user and the second user may entail establishing a
communication session over a communication channel, whereby the first and second users
exchange messages with each other. In other cases, “communication” can entail the
transmission of at least one message to the second user via a communication channel, e.g.,
without necessarily receiving a reply from the second user.

[0039] The PDA1l component 104 includes a first communication suggestion
component 112, while the PDA2 component 106 includes a second communication
suggestion component 114. The first communication suggestion component 112
cooperates with the second communication suggestion component 114 via a
communication channel 116 to assist the first user in communicating with the second user.
More specifically, the second communication suggestion component 114 generates one or
more PDA2-suggested communication options for consideration by the first user. The
first user may select one of these options, thereby establishing communication between the
first user and the second user. Fig. 1 generically shows a channel 118 which represents
communication between any user computing device associated with the first user and any
user computing device associated with the second user.

[0040] In some implementations, a registration system 120 plays a role in setting up
the interaction between the PDA1 component 104 and the PDA2 component 106. The
registration system 120 maintains a data store 122 of status information. The status
information describes the current status of the first user and the second user. More

specifically, the current status of the first user reflects the first user’s current situation
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within an environment, e.g., as described by the first user’s location in the environment,
the first user’s access to communication resources at the present time, the first user’s
proximity to other users, and so on

[0041] In operation, the PDA1 component 104 sends a status update message to the
registration system 120, which provides update status information regarding the current
status of the first user. The PDA1 component 104 can send the status update message on a
periodic basis (e.g., every five minutes) and/or an event-driven basis (e.g., when the status
of the first user is determined to have changed). Likewise, the PDA2 component 106
sends a status update message to the registration system 120 on a periodic and/or event-
driven basis, which provides update status information regarding the second user.

[0042] The PDAT1 component 104 contacts the registration system 120 when the first
user evinces an intent to communicate with the second user. In response, the registration
system 120 determines whether the status information regarding the second user is
sufficiently up to date, with respect to any environment-specific update criterion. For
example, if the registration system 120 expects to receive an update every hour, the
registration system 120 will determine if the last-provided status update message from the
PDA2 component 106 is no older than one hour.

[0043] When the registration system 120 determines that the status information for the
second user is sufficiently fresh, it sends initial communication setup information to the
PDA1 component 104. The PDA1 component 104 uses the initial communication setup
information to establish an interaction session with the PDA2 component 106. But when
the registration system 120 determines that the status information for the second user is
not sufficiently fresh, it will send one or more registration-service-specified
communication options. The PDA1 component 104 immediately presents the registration-
service-specified communication options to the first user, instead of interacting with the
PDA2 component 106 to obtain one or more PDA2-suggested communication options.
[0044] In one implementation, the PDA1 component 104 determines that the user
intends to communicate with the second user when the first user opens a digital contact
card associated with the second user. Further, the PDA1 component 104 can convey the
PDA2-suggested communication options to the first user via the digital contact card that
has been opened.

[0045] Further note that the registration system 120 may correspond to part of a more
encompassing set of general services 124 available to the PDA1 component 104 and the

PDA2 component 106. For instance, the general services 124 can include a repository of
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digital contact cards associated with different users. Any PDA component can retrieve a
digital contact card from the repository for presentation to a user. In general, Fig. 1 shows
that the PDA1 component 104 interacts with the general services 124 via a first
communication channel 126, and the PDA2 component 106 interacts with the general
services 124 via a second communication channel 128.

[0046] Finally, the system 102 can include a configuration service that runs on each
local computing device and/or on a remote computing system. The configuration service
allows each user to configure the system 102 to operate in a customized manner, with
respect to a service provided to each individual user. For example, the configuration
service allows each user to opt in to and/or opt out of the suggestion-generating capability
of the system 102. Further, when a user opts in to the suggestion-generating capability,
the configuration service optionally allows each user to specify a custom set of
communication participants for which the capability will be applied. This provision
ensures that the status of the user is released to only those users to whom the user selects.
[0047] In summary, a PDA component traditionally serves the role of interacting with
only a single user. The system 102 of Fig. 1 provides new mechanisms which use a PDA
component to also interact with at least one other PDA component, on behalf of a
communication setup task initiated by the first user.

[0048] Fig. 2 shows computing equipment 202 for use in implementing the system 102
of Fig. 1. The computing equipment 202 includes a plurality of user computing devices
204, including a representative user computing device 2006.

[0049] The representative user computing device 206 may correspond to any of a
desktop personal computing device, a laptop computing device, a set-top box device, a
game console, a smartphone or other type of handheld computing device, a wearable
computing device, and so on. The representative user computing device 206 can host any
local communication applications 208 and any other local applications 210 (e.g., a
calendar application). Although not shown in Fig. 2 (but is shown in Fig. 18), the user
computing device 206 can also include input devices, output devices, a network interface,
etc.

[0050] In some implementations, at least one system 212 may host a service that
provides a plurality of PDA instances (214, 216, ..., 218). The PDA instances (214, 216,
..., 218) are associated with respective users, and provide services to those users. Further,
the PDA instances (214, 216, ..., 218) maintain information regarding the users in

respective data stores (220, 222, ..., 224). In one implementation, the PDA instances
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(214, 216, ..., 218) refer to instances of common PDA resources provided by the
system(s) 212, configured to provide service to respective users.

[0051] In one case, a single system, administered by a single entity, provides the
plurality of PDA instances (214, 216, ..., 218). In another case, two or more distinct
systems, administered by the same entity or different respective entities, provide the
plurality of PDA instances (214, 216, ..., 218). For example, a first service provider can
provide a first set of PDA instances, while a second provider can provide a second set of
PDA instances. The two sets of PDA instances can operate using a same computing
platform or different respective computing platforms.

[0052] In the latter case (in which PDA instances communicate across different
computing platforms), the system 102 of Fig. 1 performs any kind of handshaking between
different computing platforms when a PDA component from a first computing platform
seeks to interact with a PDA component from a second computing platform. The
handshaking can entail converting a message from a source computing platform to a
format expected by the target computing platform to which it is being sent. The
handshaking can also entail providing appropriate security credentials that allow a PDA
component associated with one computing platform to interact with a PDA component
associated with another computing platform.

[0053] Alternatively, or in addition, each individual user computing device can host at
least part of the resources associated with a PDA component. For example, assume that
the local user computing device 206 is associated with the first user shown in Fig. 1. The
local user computing device 206 can provide local PDA functionality 226 which
implements at least part of the PDA1 component 106.

[0054] More generally, different providers can provide different kinds of PDA
components. Section C of this explanation (below) provides a description of one
representative type of PDA component that can be used in conjunction with the system
102 of Fig. 1.

[0055] The computing equipment 202 can also provide one or more systems 228 for
implementing the general services 124, e.g., including the registration system 120 and the
data store 122. The system(s) 228 can also provide a service that provides a repository of
digital contact cards for consumption by the PDA instances (214, 216, ..., 218). The
computing equipment 202 can also provide one or more other systems 230 for hosting
other applications, such as various communication applications, a calendar application,

etc.
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[0056] One or more computer networks 232 communicatively couple the above-
described components together. The computer network(s) can correspond to a wide a area
network (e.g., the Internet), a local area network, one or more point-to-point
communication links, etc.

[0057] Fig. 3 shows a signal diagram that explains one manner by which the
registration system 120 of Fig. 1 can update status information, describing the current
status of the first user and the second user. In operation (1), the PDA1 component 104
sends a status update message to the registration system 120, e.g., on a periodic basis
and/or on an event-driven basis. The status update message includes status update
information which describes the current status of the first user. In operation (2), the
registration system 120 stores the status update information in the data store 122.

[0058] Similarly, in operation (3), the PDA2 component 106 sends a status update
message to the registration system 120, e.g., on a periodic basis and/or an event-driven
basis. The status update message includes status update information which describes the
current status of the second user. In operation (4), the registration system 120 stores the
status update information in the data store 122.

[0059] Fig. 4 is a signal diagram that explains one manner by which the system 102 of
Fig. 1 can provide one or more PDA2-suggested communication options to the first user.
In operation (1), the PDA1 component 104 sends a status inquiry message to the
registration service. In one case, the PDA1 component 104 performs this action when the
first user opens up a digital contact card associated with the second user. The PDA1
component 104 can obtain the digital contact card from any source, such as a local source
(associated with the user computing device with which the first user is interacting), and/or
a remote computing device. In still other cases, the PDA1 component 104 itself may
provide the digital contact card.

[0060] In operation (2), the registration system 120 determines whether the data store
122 stores status information regarding the second user that is sufficiently up to date, as
assessed with respect to any environment-specific updating interval. In the case of Fig. 4,
assume that the registration system 120 determines that the status information is, in fact,
up to date. The registration system 120 then sends a status report message to the PDA1
component 104. The status report message PDAT1 can include various information, such
as an indication of the location of the second user and an endpoint address for use in
interacting with the PDA2 component 106.

[0061] In operation (3), the PDA1 component 104, upon receipt of the status report

10
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message, can optionally determine a PDA1-specified set of communication options which
the first user can use to communicate with the second user, from the perspective of the
PDAI1 component 104. For example, assume that the digital contact card that the first user
retrieves (associated with the second user) lists a set of default communication options.
The PDA1 component 104 can identify a subset of the default communication options
which the first user is capable of using to communicate with the second user. That is,
assume that the default digital contact card lists options A, B, C, D, E, and F, but that the
first user only supports options A, D, E, and F. In that case, the PDAIl-specified
communications would include options A, D, E, and F. In operation (4), the PDAI1
component 104 sends a PDA1-to-PDA2 message to the PDA2 component 106. The
PDA1-to-PDA2 message conveys the PDA1-specified communication options, if, in fact,
these options were determined in operation (3).

[0062] In operation (5), the PDA2 component 106, upon receipt of the PDA1-to-PDA2
message, determines at least one PDA2-suggested communication option based on the
current status of the user. Fig. 9 and the accompanying description will explain one way
in which the PDA2 component 106 performs this task. Suffice it to say at this point that
the PDA2 component 106 chooses one or more PDA2-suggested communication options
that are most suitable for the second user, in view of the current circumstance of the
second user. For example, the PDA2 component 106 may omit a video conferencing
option when it determines that the user is currently driving his or her car. In operation (6),
the PDA2 component 106 sends a PDA2-to-PDA1 message to the PDA1 component 104,
which conveys the PDA2-suggested communication option(s).

[0063] In operation (7), the PDA1 component 104 presents the PDA2-suggested
communication option(s) to the first user. The PDA1 component 104 can display the
PDA2-suggested communication option(s) as part of the digital contact card (associated
with the second user) which the first user has activated.

[0064] In response to receiving the PDA2-suggesetd communication option(s), the
first user may opt to invoke one of these options to communicate with the second user.
For example, if the PDA2-suggested communication option specifies an Email
communication channel, the first user may send an Email message to the second user.
[0065] Fig. 5 is a signal diagram that explains one manner by which the system 102 of
Fig. 1 can provide one or more registration-service-specified communication options to
the first user, upon determining, by the registration system 120, that the status information

pertaining to the second user is not sufficiently up to date. In operation (1), the PDA1
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component 104 sends a status inquiry message to the registration system 120, e.g., in
response to the first user opening a digital contact card associated with the second user. In
operation (2), the registration system 120 determines whether the status information
associated with the second user is sufficiently up to date, e.g., again with respect to any
environment-specific freshness criterion. In this case, assume that the status information
is stale. For example, the second user may be traveling on an airplane, which has
prevented the second user from interacting with his or her PDA2 component 106 for
several hours, which, in turn, prevents the PDA2 component 106 from reporting the
current whereabouts of the second user for several hours.

[0066] In response to this determination, the registration system 120 can generate one
or more registration-service-suggested communication options. These communication
options are default options that account for the fact that the status information for the
second user is not sufficiently up to date; but these communication options otherwise fail
to take account for the actual current status of the second user (which is unknown at this
time). For example, the registration system 120 can suggest that the first user contact the
second user via an Email application, because the availability of the second user cannot be
assured for the purpose of handling real-time interaction (e.g., via a phone call or the like).
In operation (3), the registration system 120 sends a message to the PDA1 component 104
which conveys the registration-service-suggested communication option(s). In operation
(4), the PDA1 component 104 presents the registration-service-suggested communication
option(s), e.g., via the digital contact card of the second user.

[0067] Fig. 6 shows a default digital contact card 602 associated with a second user,
prior to the receipt of PDA2-suggested communication options from the PDA2 component
106. The default digital contact card 602 includes a set of default communication options
604. In one implementation, the second user creates the default digital contact card 602.
In that case, the second user manually specifies the entries in the set of default
communication options.

[0068] In one case, the second user provides the default communication options 604
by manually typing them using an input device. In another case, the second user provides
the default communication options 604 by importing them from some other source. In
another case, the second user provides the entire default contact card 602 by scanning a
hardcopy version of contact card 602 using a scanning device, to create a digital image of
the hardcopy version.

[0069] Fig. 7 shows a digital contact card 702 associated with the second user which

12



10

15

20

25

30

WO 2018/071224 PCT/US2017/054823

represents the same digital contact card 602 of Fig. 6, but supplemented to include
information provided by the PDA2 component 106. That is, the digital contact card 702
includes the same default communication options 704 shown in Fig. 6. In addition, the
digital contact card 702 includes a PDA2-suggested communication option 706. That
option 706 invites the first user to contact the second user via an Email application. The
option 706 also provides an optional explanation of why this particular suggestion is being
made. For example, that explanation informs the first user that the second user is currently
in a meeting and therefore cannot receive a telephone call.

[0070] Fig. 8 shows another digital contact card 802 that provides the same default
communication options 804. The digital contact card 802 also provides another PDA2-
suggested communication option 806. The PDA2-suggested communication option 806 in
this example invites the first user to send a text to the second user. The PDA2-suggested
communication option 806 can also provide a control feature 808; upon activation of the
control feature 808 by the first user, the PDA1 component 104 provides the first user with
an explanation of why this particular communication option has been given.

[0071] Fig. 9 shows one implementation of a suggestion component 902 for use in a
PDA component. For example, the suggestion component 902 may correspond to the
second communication suggestion component 114 shown in Fig. 1, which is part of the
PDA2 component 106. In that context, the suggestion component 902 provides at least
one PDA2-suggested communication option to the first PDA1 component 104. The
suggestion component 902 generates the PDA2-suggested communication option(s) based
on a consideration of the current context of the second user. The suggestion component
902 will be explained below with respect to the above-described scenario (in which the
suggestion component 902 corresponds to the second communication suggestion
component 114 of Fig. 1).

[0072] The suggestion component 902 can collect context information that describes
the current context of the second user from various sources, any of which may be part of
the PDA2 component 106, or apart therefrom. For instance, a user presence determination
component 904 determines the current location and/or status of the second user. The user
presence determination component 904 can determine the second user’s presence based on
any combination of: (a) absolute location information that indicates the current geographic
location of the second user; (b) relative location information that indicates that the second
user is in the vicinity of some other user or entity; and (c) computer activity information

that indicates the manner in which the second user is currently interacting with certain
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devices, systems, applications, etc.

[0073] More specifically, the user presence determination component 904 can
determine the absolute location information based on position information provided by
any kind of position-determining device carried by, or otherwise associated with, the
second user, such as a GPS device integrated into a smartphone carried by the user. The
user presence determination component 904 can determine the relative location
information based on, for instance, near-field presence information provided by a Near
Field Communication (NFC) device carried by, or otherwise associated with, the second
user, or based on an NFC device associated with another user with whom the second user
comes into close contact. The user presence determination component 904 can determine
the computer activity information by receiving log-in status information, input activity
information, etc. generated by the computing devices, systems, and applications with
which the second user is currently interacting.

[0074] The user presence determination component 904 can also provide an indication
of the communication resources to which the second user currently has access, and the
communication resources to which the second user currently does not have access. The
user presence determination component 904 can make this determination in direct fashion,
e.g., by determining whether the second user is within a prescribed distance of a wireless
communication resource (e.g., a hotspot, radio tower, etc.). The user presence
determination component 904 can also infer the availability of communication resources
based on the user’s current location and/or other factors. For example, the user presence
determination component 904 can determine that the user has currently activated the
airplane mode of his or her smartphone; based thereon, the presence determination
component 904 can determine that the second user currently does not have access to
online communication options.

[0075] A user preference determination component 906 provides information
regarding the previously-specified preferences of the second user, as recorded in a data
store 908. For example, the second user may have manually specified that he or she
prefers receiving messages via an instant messaging (IM) application or text message, as
opposed to an Email application.

[0076] A user behavior determination component 910 provides information regarding
preferences that can be inferred based on the previous behavior of the user, as provided in
a data store 912. For example, the user behavior determination component 910 can store

an entry in the data store 912 each time the second user communicates with another user.
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That entry can identify the communication option that was used to conduct the
communication, together with the contextual factors associated with the communication
(e.g., the time, date, the location of the second user, the co-presence of other users, etc.).
When the suggestion component 902 seeks to generate a suggested communication option,
the user behavior determination component 910 can: (a) determine the current contextual
situation of the second user; (b) identify the communication options that the second user
has previously used in contextual situations matching the current contextual situation; and
(c) choose one or more of the most prevalent communication options that have been
previously used for those matching contextual situations.

[0077] A calendar application 914 provides information regarding the current
commitments of the second user (e.g., indicating whether the second user is currently in a
meeting, etc.), and/or the upcoming commitments of the second user (e.g., indicating
whether the second user is scheduled to attend a meeting in the next 30 minutes, etc.). The
calendar application 914 can mine this calendar information from a calendar data store
916.

[0078] The suggestion component 902 also takes into consideration the PDAI-
specified communication options, provided in the PDA1-to-PDA2 message sent by the
PDA1 component 104. For example, the suggestion component 902 will exclude
consideration of a particular communication option if the PDA1 component 104 already
notifies the suggestion component 902 that it does not support that option.

[0079] The above-described sources of context information are cited by way of
illustration, not limitation. Other implementations can provide additional sources of
context information (e.g., as indicated in Fig. 9 by the generic inclusion of “other context-
providing component(s)” 918), and/or can omit one or more sources of context
information described above.

[0080] The suggestion component 902 maps the context information described above
to one or more PDA2-suggested communication operation. In one approach, a rule
application engine 920 can apply one or more rules (such as IF-THEN-structured rules) to
perform this mapping. For example, one such rule can specify that IF the second user is
currently in a meeting, THEN it is appropriate to suggest that the first user contact the
second user via an Email application or text message. Another rule can specify that IF the
second user is currently traveling by automobile, THEN it is appropriate to suggest that
the first user contact the second user via voice mail. Another rule can specify that IF the

second user is present in his home, AND the time is after 10:00pm, THEN it is appropriate
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to suggest that the first user contact the second user via a video conferencing application.
Another rule can specify that IF the second user is in a public place, THEN it is
appropriate to suggest that the first user contact the user via an encrypted Email
application. Another rule can specify that IF the second user is in the vicinity of his or her
spouse (which can be determined by NFC information, etc.), THEN it is appropriate to
suggest that the first user contact the second user via an Email application, unless the first
user is designated as a priority communication participant (such as a close friend, family
member, etc.).

[0081] In one approach, the rule application engine 920 can receive rules that are
manually specified by the second user, e.g., via a rule-specification user interface
presentation (not shown) provided by the rule application engine 920. Alternatively, or in
addition, the rule application engine 920 can infer at least some rules based on patterns of
conduct identified by the user behavior determination component 910. For example,
assume that the user behavior determination component 910 determines that the user never
answers his or her phone after 11:00pm. The rule application engine 920 can generate a
rule which formalizes this discovered relationship.

[0082] Alternatively, or in addition, the suggestion component 902 can use a machine-
learned component 922 to map context information to one or more PDA2-suggested
communication options. The machine-learned component 922 uses a machine-learned
statistical model produced by a training system (not shown). For example, the training
system can collect a corpus of training data which describes the communication options
that the second user has chosen in the past, with respect to different contextual factors.
The training system can generate the machine-learned statistical model based on this
training corpus. The model consists of a set of learned weights that reflect the decisions
that the second user has made in the past. In another implementation, the training system
can operate on training data that reflects the behavior of a population of users (not just the
second user), or a subset of those users who are demographically similar to the second
user. The training system can generate any type of machine-learned statistical model, such
as a linear classifier, a deep-learning neural network, etc.

[0083] Fig. 10 shows a variation of the system 102 of Fig. 1 that accommodates the
case in which the first user wishes to communicate with two or more other users, such as a
second user and a third user. The first user is associated with a PDA1 component 1002,
the second user is associated with a PDA2 component 1004, and the third user is

associated with PDA3 component 1006. The system of Fig. 10 also includes a registration
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system 1008 which performs the same functions as the registration system 120 of Fig. 1.
[0084] In operation, the PDA1 component 1002 can interact with the registration
system 1008 and the PDA2 component 1004 in the manner described above, which
culminates in the PDA2 component 1004 generating a PDA2-suggested set of
communication operations. Similarly, the PDA1 component 1002 interacts with the
registration system 1008 and the PDA3 component 1006 in the manner described above,
which culminates in the PDA3 component 1006 generating at least one PDA3-suggested
communication option. A compilation component 1010 then combines the PDA2-
suggested communication options and the PDA3-suggested communication options to
generate a final set of communication options. The compilation component 1010 forwards
the final set of communication options to the PDA1 component 1002, which then presents
them to the first user, e.g., via contact card information previously invoked by the first
user.

[0085] The compilation component 1010 can combine communication suggestions
from different PDA components in different ways, such as by intersecting the
communication suggestions from different sources to generate a final set of options (if
any) that are acceptable to all sources. The compilation component 1010 can represent an
element provided by the PDA1 component 1002, and/or an element apart from all PDA
components.

[0086] In a variation of the system of Fig. 10, the PDA1 component 1002 can receive
both the PDA2-suggested communication option(s) and the PDA3-suggested
communication option(s), without the culling operation of the compilation component
1010. The first user may then choose to simultaneously interact with the second user and
the third user using the same communication option or different respective communication
options. For example, the first user may choose a video conferencing option to
communicate with both the second user and the third user. Or the first user may choose a
video conferencing option to communicate with the first user, and a telephone
communication option to communicate with the third user.

[0087] In yet another variation, the first user may initially set up a communication
session with the second user, and then the first user or the second user may seek to add a
third user to the conversation midway through the conversation. When the first user
attempts to add the third user, the PDA1 component 1002 can interact with the PDA3
component 1006 in the manner described above. The compilation component 1010 can

provide a final set of communication options, if any, which are acceptable from both the
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standpoint of the second user and the third user. The first user can then opt to add the
third user to the same communication session already in progress with the second user, or
establish another communication channel with the third user (while maintaining the
existing communication channel with the second user), or establish a whole new
communication session to interact with the second and third users using a new
communication channel.
[0088] Fig. 11 shows digital contact card information 1102 that can be presented by
the system of Fig. 10. The first user can generate the digital contact card information 1102
by activating the individual contact cards (1104, 1106) of the individuals who will take
part in the conversation. The first digital contact card 1104 lists a set of default
communication options 1108 associated with a second user, while the second digital
contact card 1106 lists a set of default communication options 1110 associated with a third
user. The digital contact card information 1102 also provides a final communication
option 1112 which takes into consideration the current context of the second user and the
third user, as assessed, respectively, by the PDA2 component 1004 and the PDA3
component 1006.
[0089] With respect to all implementation, the technique described herein provides
helpful guidance to a first user in communicating with one or more other users. The
technique increases the probability that the first user will make successful contact with the
other user(s). This aspect improves the user experience of all users involved in the
communication, and also makes efficient use of computing and communication resources.
[0090] In one implementation, the technique also provides the communication
suggestions based on interaction between at least two separate PDA components, rather
than delegating the decision process to a single decision engine. This characteristic results
in accurate communication suggestions because each PDA component has in-depth
knowledge of its own associated user. Further, by modifying and integrating with existing
PDA resources, the technique eliminates the need to develop custom decision logic.

B. Illustrative Processes
[0091] Figs. 12-15 show processes that explain the operation of the system 102 of
Section A in flowchart form. Since the principles underlying the operation of the system
102 have already been described in Section A, certain operations will be addressed in
summary fashion in this section. As noted in the prefatory part of the Detailed
Description, the flowcharts are expressed as a series of operations performed in a

particular order. But the order of these operations is merely representative, and can be
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varied in any manner.

[0092] To begin with, Fig. 12 shows a process 1202 that describes one manner by
which the registration system 120 of Fig. 1 can update status information. In block 1204,
the registration system 120 receives a status update message from the PDA1 component
104 or the PDA2 component 106 over the computer network 232. The status update
message conveys status update information that describes a current status of the first user
or the second user, respectively. In block 1206, the registration system 120 stores the
status update information in the data store 122.

[0093] Fig. 13 shows a process 1302 that describes one manner by which the
registration system 120 can handle status inquiries from any PDA component, such as the
PDA1 component 104. In block 1304, the registration system 120 receives a status
inquiry message from the PDA1 component 104. The status inquiry message conveys an
intent by the first user to communicate with the second user. In block 1306, the
registration system 120 determines whether a status update message has been received
from the PDA2 component 106 within a specified interval of past time, with respect to a
current time. In block 1308, if the status update message has been received within the
specified interval of past time, the registration system 120 sends a status report message to
the PDA1 component 104. In block 1310, if the status update message has not been
received within the specified interval of past time, the registration system 120 sends a
message to the PDA1 component 104 that conveys at least one registration-service-
specified communication option to the first user.

[0094] Fig. 14 shows a process 1402 that describes one manner of operation of the
system 102 of Fig. 1, from the perspective of the PDA1 component 104. In block 1404,
the PDA1 component 104 sends a status inquiry message, over the computer network 232,
to the registration system 120, upon a request by the first user to communicate with the
second user. In block 1406, the PDA1 component 104 receives, over the computer
network 232, a status report message from the registration system 120, in response to the
status inquiry message. The status report message conveys initial communication setup
information. In block 1408, the PDA1 component 104 optionally determines a set of
PDA1-specified communication options that can be used to communicate with the second
user. In block 1410, the PDA1 component 104 uses the initial communication setup
information to send a PDA1-to-PDA2 message, over the computer network 232, to the
PDA2 component 106 associated with the second user. The PDA1-to-PDA2 message

optionally identifies the set of PDAl-specified communication options, if provided in
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block 1408.
[0095] In block 1412, the PDA1 component 104 receives a PDA2-to-PDA1 message
from the PDA2 component 106, over the computer network 232. The PDA2-to-PDAI
message provides at least one PDA2-suggested communication option, selected by the
PDA2 component 106, for use in communicating with the second user. The PDA2
component 106 generates the PDA2-suggested communication option(s) based on
consideration of a current context of the second user. In block 1414, the PDA1 component
104 presents the PDA2-suggested communication option(s) to the first user, e.g., via a
contact card associated with the second user. The system 102 then carries out
communication between a user computing device associated with the first user and a user
computing device associated with the second user, upon the first user invoking a PDA2-
suggested communication option.
[0096] Fig. 15 shows a process 1502 that describes one manner of operation of the
system 102 of Fig. 1, from the perspective of the PDA2 component 106. In block 1504,
the PDA2 component 106 forwards a status update message, over the computer network
232, to the registration system 120. The status update message conveys status update
information, for storage by the registration system 120, the status update information
describing a current status of the second user. In block 1506, the PDA2 component 106
receives a PDA1-to-PDA2 message, over the computer network 232, from the PDAI
component 104. The PDAIl-to-PDA2 message identifies a set of PDAl-specified
communication options. That is, the set of PDAl-specified communication options
describes, from a perspective of the PDA1 component 104, viable modes for
communicating with the second user. In block 1508, the PDA2 component 106 identifies
context information that describes a current context of the second user. In block 1510, the
PDA2 component 106 determines, based on the context information, at least one PDA2-
suggested communication option for use by the first user in communicating with the
second user. In block 1512, the PDA2 component 106 sends a PDA2-to-PDA1 message,
over the computer network 232, to the PDA1 component 104 that conveys the PDA2-
suggested communication option(s). The method then carries out a communication
between a user computing device associated with the first user and a user computing
device associated with the second user, upon the first user invoking a PDA2-suggested
communication option.

C. Representative Personal Digital Assistant Component

[0097] Fig. 16 shows one implementation of a representative personal digital assistant
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(PDA) component 1602 that can used in the system 102 of Fig. 1. At the outset, however,
it is pointed out that the system 102 is specifically designed to interact with a wide variety
of PDA components of different types; the particular PDA component shown in Fig. 16 is
presented here in the spirit of illustration, not limitation. Further note that the PDA
component 1602 shown in Fig. 16 incorporates the functionality shown in Fig. 9, but that
functionality is omitted from Fig. 16 to facilitate explanation.

[0098] In one implementation, the PDA component 1602 includes four principal parts.
As a first part, an optional speech recognition component 1604 receives an input signal
from one or more audio input devices (not shown). In some cases, for instance, that input
signal expresses a user’s utterance as an audio waveform signal, captured by one or more
microphones. The speech recognition component 1604 converts the input signal into
recognized speech information. The speech recognition component 1604 can use any
analysis component(s) (labeled in Fig. 16 as AC(s)) to perform this task, such as a deep-
learning neural network of any type.

[0099] In an alternative case, the PDA component 1602 receives the user’s messages
in text form, which, for instance, the user may type into an input interface. In this case,
the PDA component 1602 omits use of the speech recognition component 1604 in its
processing of the input messages.

[00100] In a second part, a language understanding (LU) component 1606 optionally
uses one or more analysis components (AC(s)) to interpret the user’s utterance.
Additional information regarding one implementation of the LU component 1606 is set
forth below with respect to Fig. 17. The LU component 1606 outputs an interpreted user
utterance.

[00101] In a third part, a dialog management component 1608 uses one or more
analysis components (AC(s)) to track the state of the ongoing conversation and to map the
interpreted user utterance into a PDA utterance. The PDA utterance represents the PDA
component’s response to the user’s utterance. In one implementation, the dialog
management component 1608 can use a machine-learned model (such as deep-learning
neural network) to perform its mapping operation. Alternatively, or in addition, the dialog
management component 1608 can use a rule application engine to perform its mapping
operation. Alternatively, or in addition, the dialog management component 1608 can
choose a PDA utterance based on one or more dialog script templates provided in a data
store 1610. Alternatively, or in addition, the dialog management component 1608 can also

consult other resources in formulating a PDA utterance, such as other applications 1612
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(such as a calendar application), user history information 1614 maintained in a data store,
etc.

[00102] In a fourth part, an response output component 1616 converts the PDA
utterance generated by the dialog management component 1608 into an appropriate output
form, and then sends the converted PDA utterance to user. For example, the response
output component 1616 can use a text-to-speech synthesizer to convert a text-based
indication of the PDA utterance into audio form.

[00103] Fig. 17 shows one implementation of the language understanding (LU)
component 1606 of Fig. 16. The LU component 1606 includes at least one domain
determination component 1702, at least one intent determination component 1704, and at
least one slot value determination component 1706.

[00104] More specifically, the domain determination component 1702 determines the
most probable domain associated with the input user utterance. A domain pertains to the
general theme to which an input utterance pertains, which may correspond to a set of tasks
handled by a particular application, or a subset of those tasks. For example, the command
“find Mission Impossible” pertains to a media search domain.

[00105] The intent determination component 1704 determines an intent associated with
the input user utterance. An intent corresponds to an objective that a user likely wishes to
accomplish by submitting an input utterance. For example, a user who submits the
command “find Mission Impossible” intends to find a particular movie having the name of
“Mission Impossible.” A user who submits the command “buy Mission Impossible”
intends to purchase the movie “Mission Impossible,” and so on.

[00106] The slot value determination component 1706 determines slot values in the
input utterance. The slot values correspond to information items that an application needs
to perform a requested task, upon interpretation of the input utterance. For example, the
command, “find Jack Nicolson movies in the comedy genre” includes a slot value “Jack
Nicolson” that identifies an actor having the name of “Jack Nicolson,” and a slot value
“comedy,” corresponding to a requested genre of movies.

[00107] Any of the domain determination component 1702, intent determination
component 1704, and slot value determination component 1706 can use any technology to
perform their respective functions. For example, any of these components (1702, 1704,
1706) can use one or more machine-learned models. To cite merely one illustrative and
non-limiting case, the domain determination component 1702 may correspond to a

machine-learned classification model, such as a linear model, a deep-learning neural
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network model, a clustering-based model, a decision tree model, a support vector machine
model, and so on. The intent determination component 1704 can likewise correspond to
any of these kinds of models.

[00108] The slot value determination component 1706 may correspond to a machine-
learned Conditional Random Fields (CRF) model. In this approach, a CRF model
provides the most probable slot sequence defined by:

Y = argmax p(Y|X).
Y

[00109] In this equation, the term X refers to a sequence of tokens in a detected
linguistic item (x4, X, ..., X7) and Y refers to a sequence of tags (y,, ¥, ..., y) assigned
to the tokens, where the tags are selected from a set C of possible tags. The tags
correspond to slot variables, such as, in the media search domain, the tags, “actor name,”

29 <C

“release date,” “genre,” etc. In the above example, the CRF model would determine that
the term “Jack Nicolson” corresponds to an actor name, having the particular value “Jack
Nicolson.”
[00110] Alternatively, or in addition, any of the domain determination component 1702,
the intent determination component 1704, and/or the slot value determination component
1706 can use a rule application engine to perform its respective analysis. For example,
any of these components (1702, 1704, 1706) can apply rules which maps certain keywords
in an input utterance into appropriate classification results. For instance, the intent
determination component 1704 can apply a rule that indicates that any input utterance that
matches the template “buy <x>” refers to an intent to buy a particular product, where that
product is identified by the value of variable x.

D. Representative Computing Functionality
[00111] Fig. 18 shows computing functionality 1802 that can be used to implement any
aspect of the mechanisms set forth in the above-described figures. For instance, the type
of computing functionality 1802 shown in Fig. 18 can be used to implement any of the
local user computing devices 204 of Fig. 2, and/or any server computing device of the
computing systems (212, 228, 230) of Fig. 2. In all cases, the computing functionality
1802 represents one or more physical and tangible processing mechanisms.
[00112] The computing functionality 1802 can include one or more hardware processor
devices 1804, such as one or more central processing units (CPUs), and/or one or more
graphical processing units (GPUs), and so on. The computing functionality 1802 can also

include any storage resources (also referred to as computer-readable storage media or
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computer-readable storage medium devices) 1806 for storing any kind of information,
such as machine-readable instructions, settings, data, etc. Without limitation, for instance,
the storage resources 1806 may include any of RAM of any type(s), ROM of any type(s),
flash devices, hard disks, optical disks, and so on. More generally, any storage resource
can use any technology for storing information. Further, any storage resource may
provide volatile or non-volatile retention of information. Further, any storage resource
may represent a fixed or removable component of the computing functionality 1802. The
computing functionality 1802 may perform any of the functions described above when the
hardware processor device(s) 1804 carry out computer-readable instructions stored in any
storage resource or combination of storage resources. For instance, the computing
functionality 1802 may carry out computer-readable instructions to perform each block of
the processes described in Section B. The computing functionality 1802 also includes one
or more drive mechanisms 1808 for interacting with any storage resource, such as a hard
disk drive mechanism, an optical disk drive mechanism, and so on.

[00113] The computing functionality 1802 also includes an input/output component
1810 for receiving various inputs (via input devices 1812), and for providing various
outputs (via output devices 1814). Illustrative input devices include a keyboard device, a
mouse input device, a touchscreen input device, a digitizing pad, one or more video
cameras, one or more depth cameras, one or more microphones, a voice recognition
mechanism, any movement detection mechanisms (e.g., accelerometers, gyroscopes, etc.),
and so on. One particular output mechanism may include a display device 1816 and an
associated graphical user interface presentation (GUI) 1818. For instance, the local user
computing device 206 can present a digital contact card on the display device 1816. The
display device 1816 may correspond to a charge-coupled display device, a cathode ray
tube device, a projection mechanism, etc. Other output devices include a printer, one or
more speakers, a haptic output mechanism, an archival mechanism (for storing output
information), and so on. The computing functionality 1802 can also include one or more
network interfaces 1820 for exchanging data with other devices via one or more
communication conduits 1822. One or more communication buses 1824 communicatively
couple the above-described components together.

[00114] The communication conduit(s) 1822 can be implemented in any manner, e.g.,
by a local area computer network, a wide area computer network (e.g., the Internet), point-
to-point connections, etc., or any combination thereof. The communication conduit(s)

1822 can include any combination of hardwired links, wireless links, routers, gateway
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functionality, name servers, etc., governed by any protocol or combination of protocols.
[00115] Alternatively, or in addition, any of the functions described in the preceding
sections can be performed, at least in part, by one or more hardware logic components.
For example, without limitation, the computing functionality 1802 (and its hardware
processor) can be implemented using one or more of: Field-programmable Gate Arrays
(FPGASs); Application-specific Integrated Circuits (ASICs); Application-specific Standard
Products (ASSPs); System-on-a-chip systems (SOCs); Complex Programmable Logic
Devices (CPLDs), etc. In this case, the machine-executable instructions are embodied in
the hardware logic itself.

[00116] The following summary provides a non-exhaustive list of illustrative aspects of
the technology set forth herein.

[00117] According to a first aspect, one or more computing devices are described for
implementing a first personal digital assistant (PDA1) component for use by a first user.
The device(s) include: logic configured to send a status inquiry message, over a computer
network, to a registration system, upon a request by the first user to communicate with a
second user; logic configured to receive, over the computer network, a status report
message from the registration system, in response to the status inquiry message, the status
report message conveying initial communication setup information; logic configured to
determine a set of PDAIl-specified communication options that can be used to
communicate with the second user; logic configured to use the initial communication
setup information to send a PDA1-to-PDA2 message, over the computer network, to a
second personal digital assistant (PDA2) component associated with the second user, the
PDA1-to-PDA2 message identifying the set of PDA1-specified communication options;
logic configured to receive a PDA2-to-PDA1 message from the PDA2 component, over
the computer network, the PDA2-to-PDA1 message providing at least one PDA2-
suggested communication option, selected by the PDA2 component, for use in
communicating with the second user, wherein the PDA2 component generates the PDA2-
suggested communication option(s) based on consideration of a current context of the
second user; and logic configured to present the PDA2-suggested communication
option(s) to the first user. A user computing device associated with the first user carries
out a communication with a user computing device associated with the second user, upon
the first user invoking a PDA2-suggested communication option.

[00118] According to a second aspect, the device(s) further include logic configured to

forward a status update message, over the computer network, to the registration system.
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The status update message conveys status update information, for storage by the
registration system, the status update information describing a current status of the first
user.

[00119] According to a third aspect, the initial setup communication information
includes at least endpoint address information for use in contacting the PDA2 component.
[00120] According to a fourth aspect, the first user makes the request to communicate
with the second user by activating a digital contact card associated with the second user.
[00121] According to a fifth aspect, the digital contact card includes a section that
describes a set of default communication options by which the first user may communicate
with the second user.

[00122] According to a sixth aspect, the logic configured to present is configured to
provide the PDA2-suggested communication option(s) as part of the digital contact card.
[00123] According to a seventh aspect, the digital contact card includes: a first section
that describes a set of default communication options by which the first user can
communicate with the second user; and a second section that describes the PDA2-
suggested communication option(s) provided by the PDA2 component.

[00124] According to an eighth aspect, a method is described that is implemented by
one or more computing devices, for assisting a first user in communicating with a second
user, the first user being associated with a first personal digital assistant component
(PDAT1) and the second user being associated with a second personal digital assistant
component (PDA2). The method includes: forwarding a status update message, over a
computer network, to a registration system, the status update message conveying status
update information, for storage by the registration system, the status update information
describing a current status of the second user; receiving a PDA1-to-PDA2 message, over
the computer network, from the PDA1 component, the PDAI-to-PDA2 message
identifying a set of PDAl-specified communication options, wherein the set of PDAI-
specified communication options describes, from a perspective of the PDA1 component,
viable modes for communicating with the second user; identifying context information
that describes a current context of the second user; determining, based on the context
information, at least one PDA2-suggested communication option for use by the first user
in communicating with the second user; and sending a PDA2-to-PDA1 message, over the
computer network, to the PDAl component that conveys the PDA2-suggested
communication option(s). The method performs communication between a user

computing device associated with the first user and a user computing device associated
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with the second user, upon the first user invoking a PDA2-suggested communication
option.

[00125] According to a ninth aspect, the PDA1-to-PDA2 message (referenced in the
above method) is received in response to the PDA1 component accessing the registration
system to determine initial communication setup information. Further, the PDA1
component uses the initial communication setup information to send the PDA1-to-PDA2
message to the PDA2 component.

[00126] According to a tenth aspect, the initial setup communication information
(referenced in the ninth aspect) includes at least endpoint address information for use in
contacting the PDA2 component.

[00127] According to an eleventh aspect, the context information describes: a current
location of the second user; and/or at least one calendared commitment pertaining to the
second user; and/or at least one communication resource that is currently available to the
second user; and/or at least one communication preference of the second user.

[00128] According to a twelfth aspect, the above-referenced determining operation
involves mapping the context information into the PDA2-suggested communication
option(s) using one or more option-selection rules.

[00129] According to a thirteenth aspect, wherein the above-referenced determining
operation involves mapping the context information into the PDA2-suggested
communication option(s) using a machine-learned statistical model (as an alternative, or in
addition to, the kind of mapping performed by the twelfth aspect).

[00130] According to a fourteenth aspect, a system is described for assisting a first user
in communicating with a second user. The system includes: a first personal digital
assistant (PDA1) component for providing a personal digital assistant service to a first
user; a second personal digital assistant (PDA2) component for providing a personal
digital assistant service to a second user; and a registration system configured to maintain
a data store that provides status information regarding a current status of the first user and
a current status of the second user. The registration system is configured to: receive a
status update message from the PDAI1 component or the PDA2 component over a
computer network, the status update message conveying status update information that
describes a current status of the first user or the second user, respectively; and store the
status update information in a data store. The PDA1 component includes logic configured
to: send a status inquiry message, over the computer network, to the registration system,

upon a request by the first user to communicate with the second user; in a first case,
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receive, over the computer network, a status report message from the registration system,
in response to the status inquiry message, the status report message conveying initial
communication setup information; use the initial communication setup information to send
a PDA1-to-PDA2 message, over the computer network, to the PDA2 component; and
receive a PDA2-to-PDA1 message from the PDA2 component, over the computer
network, the PDA2-to-PDA1 message providing at least one PDA2-suggested
communication option, selected by the PDA2 component, for use in communicating with
the second user. The PDA2 component includes logic configured to: receive the PDA1-
to-PDA2 message, over the computer network, from the PDA1 component; identify
context information that describes a current context of the second user; and determine,
based on the context information, the PDA2-suggested communication option(s) for use
by the first user in communicating with the second user. The system performs a
communication between a user computing device associated with the first user and a user
computing device associated with the second user, upon the first user invoking a PDA2-
suggested communication option.

[00131] According to a fifteenth aspect, the registration system is further configured to:
receive the status inquiry message from the PDA1 component, the status inquiry message
conveying an intent by the first user to communicate with the second user; determine
whether a status update message has been received from the PDA2 component within a
specified interval of past time, with respect to a current time; in the first case, when the
status update message has been received within the specified interval of past time, send the
status report message to the PDA1 component; and in a second case, when the status
update message has not been received within the specified interval of past time, send a
message to the PDA1 component that conveys at least one registration-service-specified
communication option to the first user.

[00132] According to a sixteenth aspect, with respect to the fourteenth aspect, the first
user makes the request to communicate with the second user by activating a digital contact
card associated with the second user.

[00133] According to a seventeenth aspect, the digital contact card (referenced in the
sixteenth aspect) includes: a first section that describes a set of default communication
options by which the first user can communicate with the second user; and a second
section that describes the PDA2-suggested communication option(s) provided by the
PDA2 component.

[00134] According to an eightieth aspect, the context information (referenced in the
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fourteenth aspect) describes: a current location of the second user; and/or at least one
calendared commitment pertaining to the second user; and/or at least one communication
resource that is currently available to the second user; and/or at least one communication
preference of the second user.

[00135] According to a nineteenth aspect, the request from the first user indicates an
intent to communicate with both a second user and a third user, the third user being
associated with a third personal digital assistant (PDA3) component. Further, the PDA1
component is configured to interact with the PDA3 component to cause the PDA3
component to generate at least one PDA3-suggested communication option for use by the
first user in communicating with the third user.

[00136] According to a twentieth aspect, the system further includes a compilation
component configured to prepare and present a final set of suggested communication
options based on the PDA2-suggested communication option(s) provided by the PDA2
component and the PDA3-suggested communication option(s) received from the PDA3
component.

[00137] A twenty-first aspect corresponds to any combination (e.g., any permutation or
subset that is not logically inconsistent) of the above-referenced first through twentieth
aspects.

[00138] A twenty-second aspect corresponds to any method counterpart, device
counterpart, system counterpart, means-plus-function counterpart, computer-readable
storage medium counterpart, data structure counterpart, article of manufacture counterpart,
graphical user interface presentation counterpart, etc. associated with the first through
twenty-first aspects.

[00139] In closing, the functionality described herein can employ various mechanisms
to ensure that any user data is handled in a manner that conforms to applicable laws, social
norms, and the expectations and preferences of individual users. For example, the
functionality can allow a user to expressly opt in to (and then expressly opt out of) the
provisions of the functionality. The functionality can also provide suitable security
mechanisms to ensure the privacy of the user data (such as data-sanitizing mechanisms,
encryption mechanisms, password-protection mechanisms, etc.).

[00140] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts

described above. Rather, the specific features and acts described above are disclosed as

29



WO 2018/071224 PCT/US2017/054823

example forms of implementing the claims.
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CLAIMS

1. One or more computing devices for implementing a first personal digital
assistant (PDA1) component for use by a first user, comprising:

logic configured to send a status inquiry message, over a computer network, to a
registration system, upon a request by the first user to communicate with a second user;

logic configured to receive, over the computer network, a status report message
from the registration system, in response to the status inquiry message, the status report
message conveying initial communication setup information;

logic configured to determine a set of PDA1-specified communication options that
can be used to communicate with the second user;

logic configured to use the initial communication setup information to send a
PDA1-to-PDA2 message, over the computer network, to a second personal digital
assistant (PDA2) component associated with the second user, the PDA1-to-PDA2 message
identifying the set of PDA1-specified communication options;

logic configured to receive a PDA2-to-PDA1 message from the PDA2 component,
over the computer network, the PDA2-to-PDA1 message providing at least one PDA2-
suggested communication option, selected by the PDA2 component, for use in
communicating with the second user,

the PDA2 component generating said at least one PDA2-suggested communication
option based on consideration of a current context of the second user; and

logic configured to present said at least one PDA2-suggested communication
option to the first user,

a user computing device associated with the first user carrying out a
communication with a user computing device associated with the second user, upon the
first user invoking a PDA2-suggested communication option.

2. The one or more computing devices of claim 1,

further comprising logic configured to forward a status update message, over the
computer network, to the registration system,

the status update message conveying status update information, for storage by the
registration system, the status update information describing a current status of the first
user.

3. The one or more computing devices of claim 1, wherein the initial setup
communication information includes at least endpoint address information for use in

contacting the PDA2 component.
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4. The one or more computing devices of claim 1, wherein the first user makes the
request to communicate with the second user by activating a digital contact card associated
with the second user.

5. The one or more computing devices of claim 4, wherein said logic configured to
present is configured to provide said at least one PDA2-suggested communication option
as part of the digital contact card.

6. A method, implemented by one or more computing devices, for assisting a first
user in communicating with a second user, the first user being associated with a first
personal digital assistant component (PDA1) and the second user being associated with a
second personal digital assistant component (PDA2), the method comprising:

forwarding a status update message, over a computer network, to a registration
system, the status update message conveying status update information, for storage by the
registration system, the status update information describing a current status of the second
user;

receiving a PDA1-to-PDA2 message, over the computer network, from the PDAI
component, the PDAIl-to-PDA2 message identifying a set of PDAl-specified
communication options,

the set of PDA1-specified communication options describing, from a perspective
of the PDA1 component, viable modes for communicating with the second user;

identifying context information that describes a current context of the second user;

determining, based on the context information, at least one PDA2-suggested
communication option for use by the first user in communicating with the second user;
and

sending a PDA2-to-PDA1 message, over the computer network, to the PDA1
component that conveys said at least one PDA2-suggested communication option,

the method performing communication between a user computing device
associated with the first user and a user computing device associated with the second user,
upon the first user invoking a PDA2-suggested communication option.

7. A system for assisting a first user in communicating with a second user,
comprising:

a first personal digital assistant (PDA1) component for providing a personal digital
assistant service to a first user;

a second personal digital assistant (PDA2) component for providing a personal

digital assistant service to a second user;
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a registration system configured to maintain a data store that provides status
information regarding a current status of the first user and a current status of the second
user;

the registration system being configured to:

receive a status update message from the PDA1 component or the
PDA2 component over a computer network,

the status update message conveying status update information that
describes a current status of the first user or the second user, respectively;
and

store the status update information in a data store;

the PDA1 component including logic configured to:

send a status inquiry message, over the computer network, to the
registration system, upon a request by the first user to communicate with
the second user;

in a first case, receive, over the computer network, a status report
message from the registration system, in response to the status inquiry
message, the status report message conveying initial communication setup
information,;

use the initial communication setup information to send a PDA1-to-
PDA2 message, over the computer network, to the PDA2 component; and

receive a PDA2-to-PDA 1 message from the PDA2 component, over
the computer network, the PDA2-to-PDA1 message providing at least one
PDA2-suggested communication option, selected by the PDA2 component,
for use in communicating with the second user; and

the PDA2 component including logic configured to:

receive the PDA1-to-PDA2 message, over the computer network,
from the PDA1 component;

identify context information that describes a current context of the
second user; and

determine, based on the context information, said at least one
PDA2-suggested communication option for use by the first user in
communicating with the second user,

the system performing a communication between a user computing device

associated with the first user and a user computing device associated with the second user,
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upon the first user invoking a PDA2-suggested communication option.

8. The system of claim 7, wherein the registration system is further configured to:

receive the status inquiry message from the PDA1 component, the status inquiry
message conveying an intent by the first user to communicate with the second user;

determine whether a status update message has been received from the PDA2
component within a specified interval of past time, with respect to a current time;

in the first case, when the status update message has been received within the
specified interval of past time, send the status report message to the PDA1 component; and

in a second case, when the status update message has not been received within the
specified interval of past time, send a message to the PDA1 component that conveys at
least one registration-service-specified communication option to the first user.

9. The system of claim 7,

wherein the request from the first user indicates an intent to communicate with
both a second user and a third user, the third user being associated with a third personal
digital assistant (PDA3) component, and

wherein the PDA1 component is configured to interact with the PDA3 component
to cause the PDA3 component to generate at least one PDA3-suggested communication
option for use by the first user in communicating with the third user.

10. The system of claim 9, wherein the system further includes a compilation
component configured to prepare and present a final set of suggested communication
options based on said at least one PDA2-suggested communication option provided by the
PDA2 component and said at least one PDA3-suggested communication option received
from the PDA3 component.

11. The one or more computing devices of claim 4, wherein the digital contact card
includes a section that describes a set of default communication options by which the first
user may communicate with the second user.

12. The one or more computing devices of claim 4, wherein the digital contact card
includes:

a first section that describes a set of default communication options by which the
first user can communicate with the second user; and

a second section that describes said at least one PDA2-suggested communication
option provided by the PDA2 component.

13. The method of claim 6, wherein the context information describes:

a current location of the second user; and/or
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at least one calendared commitment pertaining to the second user; and/or

at least one communication resource that is currently available to the second user;
and/or

at least one communication preference of the second user.

14. The method of claim 6, wherein said determining involves mapping the context
information into said at least one PDA2-suggested communication option using one or
more option-selection rules.

15. The method of claim 6, wherein said determining involves mapping the context
information into said at least one PDAZ2-suggested communication option using a

machine-learned statistical model.
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1204

STORE THE STATUS UPDATE INFORMATION IN A DATA STORE
1206

FIG. 12

SERVICING A REQUEST FROM A PDA
1302

RECEIVE A STATUS INQUIRY MESSAGE FROM THE PDA1 COMPONENT, THE STATUS
INQUIRY MESSAGE CONVEYING AN INTENT BY THE FIRST USER TO COMMUNICATE WITH
THE SECOND USER
1304

Y

DETERMINE WHETHER A STATUS UPDATE MESSAGE HAS BEEN RECEIVED FROM THE
PDA2 COMPONENT WITHIN A SPECIFIED INTERVAL OF PAST TIME, WITH RESPECT TO A
CURRENT TIME
1306

WHEN FRESH WHEN NOT FRESH

4 ) 4 )

SEND A STATUS REPORT MESSAGE TO
THE PDA1 COMPONENT, PROVIDING

INITIAL COMMUNICATION SETUP
INFORMATION FOR USE BY THE PDA1
COMPONENT IN CONTACTING THE

USER

PDA2 COMPONENT 1310

1308 -

- J \ Y,

FIG. 13

SEND A MESSAGE TO THE PDA1
COMPONENT THAT CONVEYS AT LEAST
ONE REGISTRATION-SERVICE-SPECIFIED
COMMUNICATION OPTION TO THE FIRST
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ILLUSTRATIVE OPERATION OF THE PDA1 COMPONENT
1402

SEND A STATUS INQUIRY MESSAGE, OVER THE COMPUTER NETWORK, TO THE
REGISTRATION SYSTEM, UPON A REQUEST BY THE FIRST USER TO COMMUNICATE WITH
A SECOND USER
1404

(
RECEIVE, OVER THE COMPUTER NETWORK, A STATUS REPORT MESSAGE FROM THE

REGISTRATION SYSTEM, IN RESPONSE TO THE STATUS INQUIRY MESSAGE, THE STATUS
REPORT MESSAGE CONVEYING INITIAL COMMUNICATION SETUP INFORMATION

1406
-

[
DETERMINE A SET OF PDA1-SPECIFIED COMMUNICATION OPTIONS THAT CAN BE USED

BY THE FIRST USER TO COMMUNICATE WITH THE SECOND USER
1408

G

4 2
USE THE INITIAL COMMUNICATION SETUP INFORMATION TO SEND A PDA1-TO-PDA2

MESSAGE, OVER THE COMPUTER NETWORK, TO THE PDA2 COMPONENT, THE PDA1-
TO-PDA2 MESSAGE IDENTIFYING THE SET OF PDA1-SPECIFIED COMMUNICATION
OPTIONS

1410
- J

e A\
RECEIVE A PDA2-TO-PDA1 MESSAGE FROM THE PDA2 COMPONENT, OVER THE
COMPUTER NETWORK, THE PDA2-TO-PDA1 MESSAGE PROVIDING AT LEAST ONE

PDA2-SUGGESTED COMMUNICATION OPTION, SELECTED BY THE PDA2 COMPONENT,
FOR USE BY THE FIRST USER IN COMMUNICATING WITH THE SECOND USER
1412

PRESENT THE PDA2-SUGGESTED COMMUNICATION OPTION(S) TO THE FIRST USER,
E.G., VIA A CONTACT CARD ASSOCIATED WITH THE SECOND USER
1414

FIG. 14
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ILLUSTRATIVE OPERATION OF THE PDA2 COMPONENT
1502

4 N\
FORWARD A STATUS UPDATE MESSAGE, OVER THE COMPUTER NETWORK, TO A

REGISTRATION SYSTEM, THE STATUS UPDATE MESSAGE CONVEYING STATUS UPDATE
INFORMATION, FOR STORAGE BY THE REGISTRATION SYSTEM, THE STATUS UPDATE
INFORMATION DESCRIBING A CURRENT STATUS OF THE SECOND USER

1504
\- J

RECEIVE A PDA1-TO-PDA2 MESSAGE, OVER THE COMPUTER NETWORK, FROM THE
PDA1 COMPONENT, THE PDA1-TO-PDA2 MESSAGE IDENTIFYING A SET OF PDA1-
SPECIFIED COMMUNICATION OPTIONS
1506

A 4

IDENTIFY CONTEXT INFORMATION THAT DESCRIBES A CURRENT CONTEXT OF THE
SECOND USER
1508

SUGGESTED COMMUNICATION OPTION FOR USE BY THE FIRST USER IN
COMMUNICATING WITH THE SECOND USER
1510

SEND A PDA2-To-PDA1 MESSAGE, OVER THE COMPUTER NETWORK, TO THE PDA1
COMPONENT THAT CONVEYS THE PDA2-SUGGESTED COMMUNICATION OPTION(S)
1512

— — — —

{ DETERMINE, BASED ON THE CONTEXT INFORMATION, AT LEAST ONE PDA2-

FIG. 15
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