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MOBILE DEVICE NOTIFICATION SCHEDULING

BACKGROUND
[0001] Mobile computing devices provide a computing platform for a variety of
applications. These installed applications may use nofifications to alert a user when
some new information is available. A iypical mobile device user has many
applications installed on their device, and so nolifications from these applications
can be overwhelming given finite user attention and finite user interface resources

{e.g., scresn size).

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The following detailed description references the drawings, wherein:

[0003] FIG. 1 is a block diagram of an example system for managing and

scheduling notifications on a mobile device,

[0004] FIG. 2A is a block diagram of an example notification scheduler system
flustrating data inpuls and outputs during an example notification scheduling

Process,
[0005]  FIG. 2B is a timeline of an example notification scheduling process,;
[0006] FIG. 3is a flowchart of an example notification scheduling process; and

[0007]  FIG. 4is a flowchart of an example notification scheduling process.

DeTalLED DESCRIPTION
[0008] The following descrintion makes reference to the accompanying drawings,
in which similar symbols identify similar components, unless context dictates
otherwise. The descriptions herein, as well as the drawings, present examples of
the subject matier of the present disclosure and are in no way limiting in regard {o
the subject matter disclosed herein. Throughout the description, the singular forms
of “a”, “an”, and "the” mean “one or more”. Thus, various examples in which a
component is described in singular form also apply o examples having muitiple of

those components. Moreover, some aspects of the examples presented harein may
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be modified, re-arranged, re-ordered substituted, combined, and/or separated in a
variety of different configurations without departing from the subject matier of the

present disclosure.

[0008] The present disclosure presents a technique for scheduling notifications
based in part on the relative importance of each nofification o the user. To
determine the relative importance, training data is used to identify notifications that
are associated with a high degree of user engagement as inferred based on user
interaction with a given notification. For instance, a notification that is dismissed
immediately may be associated with a low degree of user engagement, whereas 2
notification that is selected and/or viewed for some duration prior o being dismissed

may be associated with a higher degree of user engagement.

[0010] Moreover, notifications may be characterized based on their respective
content and/or based on the application that generated them. Such content
information for a given notification may then be used o characterize that notification
and use that characlerization as a basis 1o predict the degres of user engagement
with the given notification. For example, a notification for a text message from a
particular sender may be characterized similarly to other text message notifications
from the same sender. The new noiification can then be assigned a predicted
degree of user engagement similar {o the degree of user engagement for those
other text messages, which may be inferred from training data, machine leaming,

efc.

[0011]  In addition, o assist in scheduling notifications, each new notification may
be associated with a respective maximum delay tme. For instance, urgent
notifications related o operation of the device or a transient, non-repeating event,
may be asscociated with a relatively brief maximum delay ime, because delaying
deliver of those nolifications may limit the usefulness of such notifications. On the
other hand, notifications related to a non-critical application update or a non-transient
condition may be associated with a relatively long maximum delay time, because
relatively litlle usefuiness will be lost by delaying delivery of such notifications. A
timer for each new nolification can then be starled upon generation of the
notification. The system may then use the timer for each nolification (i.e., time unti

maximum delay time) when scheduling notifications.
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[0012] For example, the system may monitor the device context for an
opporiunity o interrupt the user with one or more notifications having timers that
have not yvet reached their respective maximum delay times and, upon identifying an
opportunity, provide a set of notifications with the highest predicted degrees of user
engagement. However, upon determining that any notifications have reached their
maximum delay time, the system may force ithat notification {0 be provided,
regardless of predicted degree of user engagement and device context.  Other
examples are also possible. For instance, the remaining time 1o maximum delay of
undelivered notifications may be used as a basis o prioritize which noiifications {0
provide during a given notification opportunity.  Thus, notifications approaching
maximum delay may be gradually assigned higher priority as they approach their
maximum delay time in an attempt fo avoid providing such notifications oulside of

context-based interruption opporiuniiies.

[0013] Finally, notifications may be presented with a user interface modality that
is based at least in part on the context of the mobile device. For example, a device
context associated with 2 user being in 8 meseling may be used as a basis for
providing a notification via a silent modality {e.q., by blinking lights on the device). In
another example, a device context associated with a user jogging or walking may be
used as a basis for providing a nolification via a sound-alert modality {(e.g., by
activating a chime or ring). In ancther example, a device context associated with a
user being engaged with their device may be used as a basis for providing a
notification via a display modality {e.g., by displaying a pop-up window andior a
selectable symbol that indicates the nolification is ready for viewing). Many other

examples are also possible.

[0014] In brief, the present disclosure presenis a technigue that leverages
machine iearning technigues to manage and schedule notifications on a mobile
device. The technigue may involve associating each notification with a predicted
degree of user engagement based in part on conteni of the notification and the
originating application. The technique may involve monitoring the device context for
notification provision opportunities (2.g., interruption opportunities). Upon identifying
an opportunity, the technigue may involve selecting one or more nolifications o

display based on the predicted degree of user engagement of those nofifications.
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The technigue may also involve tracking a respective maximum delay time for each
notification.  Upon determining that a maximum delay time has been reached, the
technique may involve providing the corresponding notification via the user interface.
Moreover, the technique may involve selecting a user interface modality for a given
notification based in part on the device context. In some cases, the present
disciosure presents an approach that specifies: which noiifications o provide, when

o provide them, and how 1o do so via the user interface.

[0015]  FIG. 1 is a block diagram of an example system 100 for managing and
scheduling nofifications on a mobile device 140. System 100 includes a mobile
device 140 in communication with a computing system 110. The mobile device 140
and the computing system 110 may be communicatively coupled via network 130.
in some cases, the compuiing system 110 may be a remoie server and the mobile
device 140 may be a network-connected computing device, such as a mobile
computing device {e.g., celiular phone, tablet, elc) or personal computer {e.g.,
laptop computer, compuier terminal). As described herein, the computing system
110 may send indications of notifications to be displayed on maobile device 140, In
some examples, the notifications may be relaled {o particular applications, which
each have associated remote computing systems (e.q., the application servers 120,
1243 in communication with the computing system 110, For example, the computing
system 110 in communication with mobile device 140 may be a remote server

associated with an operation system (OS) for the mobile device 140.

[00168] The computing systemn 110 includes a processing system 112 and data
storage 114. The processing system 112 and data slorage 114 may be
communicatively coupled via a bus and/or network. The processing system 112
may include processor(s) that are used o execute instructions 118 in the data
storage 114. In some examples, the processing system 112 may include functional
modules that perform predetermined tasks and/or routines (e.g., push notification
module 118). For example, functional modules may be defined by processor-
executable instructions stored in memeory that define processes performed by the
computing system 110 upon execution of such instructions by the processor(s). In

some examples, computing systerm 110 may include hardware fealures to perform
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processes described herein, such as logical circuit(s), application spedcific integrated

circuit{s), etc.

[0017] Data storage 114 may be any slecironic, magnetic, optical, or other
physical storage device that can be non-fransiently encoded to store data. Dats
siorage 114 may store data specifying push notification setiings. In some examples,
setftings may include indications of times to deliver push notifications, permissions for
particular applications to send push notifications, maximum time delays for particular
notifications, user interface delivery modalilies, etc. In some examples, the push
notification settings stored in data storage 114 may indicate notification settings for
different users, such as a first user, a second user, etc. In some cases, the push
notification seltings may specify user interface delivery modalities, such as
notification via display notification on a target device, via haptic feedback, via status

indicator lights, etc.

[0018] In addition, the computing system 110 may be in communication with
muitiple application-associated servers (e.g., servers 120, 124). Such servers may
be associated with respective applications that are installed on mobile device 140.
For example, some applications that involve sending and receiving communications
amongst mobile devices may facilitate such messaging via a server that serves as
an intermediary 1o route communications to and from specific user-associated
mobile devices {(e.g., device 140). in some cases, such remole servers 120, 124
may communicate directly with mobile device 140 to indicate, for exampie, that a
message is ready for delivery to mobile device 140, In some cases, remole servers
120, 124 may communicate with mobile device 140 by first sending an indication 1o
computing system 110 that a message is ready for delivery to mobile device 140,
The computing system 110 may then send push notification(s) to mobile device 140
fo pass on the pending notifications and/or redirect the mobile device o server(s)
120, 124 as necessary. Thus, nolifications 122, 126 may be indications of various

notifications that are generated by application-associated servers 120, 124

[0019]  In some examples, notifications 122, 126 may involve information that an
update is available for a particular application. In some examples, notifications 122,
125 may involve information that a pending message is ready for delivery to mobile

device 140, such as may occur in communication-related applications in which
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another device may originate a message for delivery 1o mobile device 140, A
transmission indicative of such message may then be routed o application server
120, which generates notification 122. Notification 122 may be a transmission
indicative of the original message. Notification 122 may be sent {0 computing
systermn 110, at which point the computing system 110 may send a related push
notification {0 mobile device 140 via network 130. Moreover, OS-associated
computing system 110 may send notifications 1o mobile device 140 that are related
fo operation of the OS itself. Other examples are also possible in which remote
computing systems generate transmissions related to pending notifications for

delivery {0 mobile device 140.

[0020] The mobile device 140 may be a computing device that corresponds (o g
particular user 10. The user-associated mobile device 140 may be, for exampie, a
cellular phone and/or personal computer that is used by the user 10. In some
examples, the description of the mobile device 140 may apply to devices that are
used by multiple users that each have a separate login. The separale logins thereby
provide separate implementations of a shared device in which personalized
features, permissions, access rights, elc., are set according 1o atiributes associated
with each user. Thus, as described herein, upon user 10 logging in to such a shared
device, that device corresponds o user 10 and may funclion in a way that is suitable

for user 10 (8.g., according o attributes associated with user 10,

[0021]  The mobile device 144 includes a communication interface 142, sensor(s)
144, a user interface 146, a processing system 148 and data storage 150. The
communication inferface 142 may include features that allow the mobile device 140
to send and receive information via network 130 {e.g., for communication with
computing system 110). For example, communication interface 142 may include an
antenna for sending/receiving wireless signals and/or pori(s) for wired network
signals as well as related signal processing hardware for generating and interpreting

such signals.

[0022] Sensor(s) 144 may include devices that generate data indicative of stimuli
and/or status related to the context of the mobile device 140. In some examples, the
sensor(s) 144 may include devices that generate data related {0 posilion, location,

and/or acceleration of the device 140. In some examples, the sensor(s) 144 may
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include ambient temperature, incident sound, incident light, applied pressure, and/or
touch of the device 140. Moreover, in some exampies, the mobile device 140 may

not include sensor(s} 144.

[0023] The user interface 146 may include a display device, an audio system, 3
haptic feedback system, or another system ihat allows the user 10 {o perceive
information. In some examples, the user interface 146 may convey information via
the user interface 146 (e.q., via a display device and/or audio system). Moreover,
user inferface 146 may include an input device, such as a touch-sensitive region, a
microphone, an image caplure device, efc., for receiving inputs from user 10. Thus,
the user interface 146 zllows the user 10 {o operate the device 140 by providing
inputs and receiving outpuis. Among other features, the user interface 148 may be
used to output notification messages for perception by the user 10. Such notification
messages may prompt the user 10 1o indicate {(via the user interface 148) whether (o
proceed with a given operation {e.g., open an application related {o the notification).
in some examples, the user interface 146 may include a display device and the
confirmation messages may be a pop-up window that is displayed in place of at
least a portion of previously-displayed content — the pop-up window may appear o
appear “over’ the previously-displayed content. Other aspecis of the user interface

145 may be used to prompt user 10 to respond to a notification message.

[0024] The processing system 148 may include processor(s) that are used {0
execute insiructions 152 in the data storage 150. In some examples, the processing
system 148 may include functional modules that perform predetermined tasks
and/or routines. For example, functional modules may be defined by processor-
executable instructions stored in memory that define processes performed by the
device 140 upon execution of such instructions by the processor(s). For example,

instructions 1582 may include a notification scheduler module 154,

[0025] Data storage 150 may be any electronic, magnetic, optical, or other
physical storage device that can be non-fransiently encoded to store data. Dala
storage 150 may include processor-executable instructions 152 that cause the
device 140 to perform operations upon execution of the instructions 152 by the

processing sysiem 148,
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[0028] Instructions 152 may include an operating system {(0O5) 156 and
applications 158, 160. For exampie, the OS 156 may be initiated upon initialization
of the device 140 and may operate to manage computing resources of the device
140 and regulate cperation of applications 158, 160. In some examples, at least
some applications installed on the device 140 (e.g., the first application 158, the
second application 160, etc.) may occasionally provide notifications for percepiion by
user 10. in some examples, the OS 156 may at least partially regulate how and/or

when such notifications are rendered for the user's perception.

[0027] The notification scheduler module 154 may be a functional module that is
specified by exscutable instructions to cause the device 140 to perform the
operations described herein. In some cases, the notification scheduler module 154
makes determinations on whether to provide pariicular pending notifications at
particular times and which modality to employ when providing such notifications. In
some cases, the notification scheduler may prioritize pending notifications based on
their predicted degree of user engagement and also monitor sensor data to identify
opporiunities for providing notifications via the user interface. In some examples, the
notification scheduler 154 may receive incoming notifications, and then delermine

particular notifications to provide, at particular times, and by particular means.

[0028] In response to a determination made by the module 154, the device 140
may provide a specified nolification via user inferface 148, The notification
scheduler moduie 154 may be implemented by instructions that form a part of other
applications {(e.g., applications 158, 160), by instructions that are part of the O& 156
of the device 140, and/or by instructions that define a separale stand-alone

application.

[0029] FIG. 2A is a block diagram of an example notification scheduler system
210 illustrating data inputs and outputs during an example process involving
scheduling notifications on a mobile device. The notificalion scheduler 210 may be
similar in some respects o the notification scheduler module 154 described in
connection with FIG. 1. Thus, the notification scheduler may be a functional module
that is resident on a mobile device (e.g., the mobile device 140 of FIG. 1). Further,
in some examples, the notification scheduler 140 may be implemented, at least in

part, on a remote computing system (e.g., computing system 110 of FIG. 1). The
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notification scheduler system 210 of FIG. 2A illustrates incoming and outgoing data
and distinct funclional modules that are empioyed 1o identify select amongst multiple

notifications in an example.

[0030] As shown in FIG. 2A, the notification scheduler 210 includes a sensor
analvzer 212, a timer 214, an engagement predictor 215, a notification prioritizer
218, a notification selector 218, an opportunity identifier 220, and a modality selector
222. The nofification scheduler 210 receives prior user interaction daia 201, sensor
data 202, and data indicative of notifications {e.q., notification A 204, notification B
208, and notification C 208). The data indicative of sach notification may specify:
the associated application, a maximum time delay, and content of the notification.
Thus, notification A 204 is associated with application "app A”, a maximum time
delay “Tmax A”, and content “content A”. Similarly, notification B 206 is associated
with app B, Tmax B, and content B; and notification C 208 is associated with app C,

Tmax C, and content C.

[0031] Sensor analyzer 212 analyzes received sensor data 202, For example,
sensor analyzer 212 may monitor and analyze data indicalive of temperature,
ambient noise, acceleration, location, and so forth. The analyzed sensor data may
then be combined with the dala 201 indicative of prior user interactions with the
device to determine the device context and/or predict the degree of user
engagement with the device. In short, the daia 201 provides information of past
user interactions that contextualize the sensor data 202 io allow the sysiem {0
determing the device context and/or degree of user engagement. For example,
when cuirent sensor data 202 corresponds to a particular pattern that is logged in
the past user interaction daia 201, the current sensor data 202 may be determined
to indicate a similar device context and/or degree of user engagement as was found

in the previously logged information (i.e., data 201).

[0032] Timer 214 may include a counter or similar device that monitors and
tracks elapsed time since an initiating event.  Among other aspects, timer 214 may
be used o time elapsed iime since a given notification is received relative to is

specified maximum allowable time delay.

[0033] The engagement predicior 215 may make real time determinations

regarding the degree of user engagement with the device. These determinations

5
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may be made based on sensor data 202 contextusglized in view of the prior user
interaction data 201. In some examples, the engagement predicior 215 may
determing the extent to which the user is presently engaged with their device. This
information is useful, because during pericds of relatively high user engagement
{e.q., while the user is actively interacting with the device via the user interface), the
user may be more receptive to receiving notifications. On the other hand, during
periods of relatively low user engagement {e.g., while the user is engaged in
activities that do not involve the device), the user may be less receplive {0 receiving
notifications. The degree of user engagement with the device, as determined the
engagement predictor 215, may be based on a model in which the prior user
interaction data 201 is used as training data and the analyzed sensor data is used
as an input to the model o determine the degree of user engagement with the
device in real time. In some examples, the engagement predictor 215 may assign a
predicted degree of user engagement with the device having mulliple gradations.
That is, rather than simply assigning a binary value indicating whether the user is
either a) engaged or b) not engaged, the engagement predictor 215 may assign one
of mulliple values that each indicale a respective predicted degres of user

engagement with the device.

[0034] The notification prioritizer 216 may prioritize multiple received notifications
based on their respective predicted degree of user engagements. The predicled
degree of user engagement for each notification may be determined based on
content of each received notification, which is correlated with training data and/or
analyzed according to machine learning techniques. Such techniques may involve,
for example, analyzing content and/or associated application of a given notification
and then comparing such data with predicted degree of user engagement for
particular notifications. The predicted degree of user engagement may be based on
a model derived from the user's interaction with actual notification, for example.
Thus, the model may evolve in ime according o machine learning technigues. In
some examples, a user's selection and/or dismissal of a given notification may be
used as a basis for assigning and/or adjusting a predicted degres of user
engagement with a given nolification and/or class of nolifications. In some
examples, a users viewing of a notification (e.q., as derived via eye tracking and/or

accelerometer data) may be used as a basis for assigning andfor adjusting a

10
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predicted degree of user engagement with a given notification and/or class of
notifications.  Moreover, olher user inlerface elements may be used as a basis for
determining that a user is viewing or otherwise interacting with a nolification. For
instance, if a nolification is being displayed, and the user is preventing the display
from being dimmed and/or rendered blank (e.g., by intermittently touching the
display and/or based on proximity sensors, eic.), it may be inferred that the user is
viewing the nofification. Such information may be used to adjust a model of
predicted degree of user engagement. In some cases, the notification prioritizer 218
may analyze the content of each notification, and use its model of predicied degree
of user engagement to generate a list of the pending notifications ordered according

to their relative predicted degree of user engagement.

[0035] In addition, the notification prioritizer 218 may receive an indication of the
real time degree of user engagement from the engagement predictor 215, and use
that information as a basis for assigning priorities o pending nctifications.  For
example, during periods of relatively high user engagement, as indicated by the
engagement predictor 215, the notification prioritizer 218 may pricritize a particular
subset of pending notifications having content related to, for example, incoming
communications from particular users (or another class of pending notifications). On
the other hand, during periods of relatively iwo user engagement, as indicated by the
engagement predictor 215, the nolification prioritizer 216 may prioritize another
subset of pending notifications having content related to ancther type of notifications.
Thus, the output of the notification prioritizer 216 may depend on both the predicted
degree of user engagement with the device generally, as indicated by the
engagement predictor 215, as well as the predicled degree of user engagement with
the particular pending noflifications (e.q., notifications A, B, and C), which may be

based al least in part on the content of such notifications.

[0038] The opportunity identifier 220 and modality selector 222 each receive
information from the sensor analyzer 212 as well as prior user interaction daia 201
to perform their respective funclions. The opportunity identifier 220 monitors
nformation from the sensor analyzer 212 lo identify opportunities for providing
notifications (e.q., interruption opportunities). For example, the opportunity identifier

220 may identify times during which sensor information indicates that the user is

11
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fransitioning between different activities (e.g., walking to standing, or standing to
sitting).  Such transition times have been previously associated with times of
relatively high user engagement with notifications. In some examples, the
opportunity identifier 220 may identify fimes during which sensor information
indicates that the user is at rest, as opposed o in the middle of walking or running.
in some exampies, the opportunity identifier 220 may also analyze information other
that sensor-derived context information, such as information from a calendar
application, phone application, elc., 1o characterize the context of the mobile device

and its user and thereby identify opportunities for providing notifications.

[0037] The modality selector 222 may use sensor information to select a modality
for providing a notification based on the current context of the device. For example,
if sensor information indicates the user is in motion, the modality selector 222 may
select a modality in which the user interface of the mobile device uses an audible
signal (2.g., a chime), as opposed to a purely visual cue. In addition, If sensor
information indicates the user is at rest, the modality selecior 222 may select a
purely visual cue (e.g., a blinking status light);, if sensor information indicates the
user is driving, the modality selector may select a modality in which the notification is
announced by a texi-to-speech application. In some examples, the modality
selector may select a modality in which the notification is indicated by vibration {e.g.,
via a haptic feedback system). Other notification modalities using various aspects of
the user interface system and/or combinations thereof may also be selected. In
some cases, the modality selecior 222 selects from amongst a set of possible
notification provision modalities based on sensor information. Many other examples

are also possible.

[0038] The notification selector 218 receives information from the timer 214,
notification prioritizer 216, and opportunity identifier 220 to schedule pending
notifications to be provided at particular imes. In addition, the modality selector 222
selects the appropriate modality for that fime, and the information is combined {0
output data 230, which indicates a subset of pending nofifications and the modality
by which the subset should be provided via the user interface. The notlification
selactor 218 delermines whether any pending notifications have been pending for

their maximum time delay (as indicated by timer 214), and should therefore be

12
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scheduled to be provided immediately. The nolification selector 218 also determines
whether an opportunity exists for providing notifications {as indicated by opporiunity
identifier 220}, and then schedules one or more of the highest priority pending
notifications (as indicated by notification prioritizer 216). In some cases, morsover,
the notification selector 218 may use the remaining time untl the maximum time
delay is elapsed for a given notification as a factor {0 be weighed along with iis
relative priority when scheduling ncotifications. As such, the nolification scheduler
218 may help avoid scheduling some notifications only upon passage of their
maximum time delay. This may be desirable, for example, because notifications
scheduled upon passage of their maximum time delay may be relatively less likely o
be scheduled al opporiune moments for interruption (e.g., as identified by
opportunity identifier 220). Example operations of the nofification selector 210 are

described below in connection with the flowcharts of FIGS. 3 and 4.

[0039] FIG. 2B is a fimeline of an example process involving scheduling
notifications on a mobile device. The timeline shows that notifications A, B, and C
204, 206, 208 are received at times Ta, T, and T¢, respeclively. As noted above,
the received notifications also indicate that they are o be provided prior {o passage
of respective maximum time delays: Tmax A, Tmax B, and Tmax C, respectively.
The nolifications are ultimaiely scheduied {0 be provided at schedule times: Tscha,
Tschg, and Tsche, respectively.  In operation, the order ¢f evenis is as follows: (1)
Notification A is received at Ta; (2) Notification B is received at TB; (3) Nofification C
is received at Te, (4) Notification B is provided at Tsche, due 1o passage of Tmax B
from Tg; (5) Notification C is provided at Tsche, due to Notification C being the
highest priority pending notification at the identified notification time; (8) Notification

Ais provided at Tschy, due to passage of Tmax A from Ta.

[0040] In the example timeline of FiG. 2B, the Tmax B is relatively short
compared to Tmax A and Tmax C. This may be due to Noftification B having a
refatively higher degree of urgency than Notifications A and C.  In the example
timeiine of FIG. 28, the only identified opportunity for providing a notification (e.g., an
interruption opportunity) is at Tsche, At Tsche, the highest priority pending
notification is Notification C, and so Noiification C is scheduled to be provided while

Notification A remains pending. The priority may be derived by notification prioritizer
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216 mapping the content of both Notifications A and C to its model of predicted
degree of user engagement. In the example timeline, Notifications A, B, and C are
not provided in the order in which they were received, nor are they simply provided
in accordance with their respective maximum time delays. Rather, a2 combination of
identifying notification provision opportunities, priorifization pending notifications, and

monitoring maximum time delay are used to schedule all three.

[0041] Moreover, in some examples, the maximum iime delay values may be
modified dynamically based on device context and/or user interactions with the
device. Forinstance, if the device context and/or user interactions indicate a pericd
of relatively high user engagement, then the maxdmum time delays for pending
notifications may be reduced o thereby encourage those notifications o be provided
within the period of high user engagement. On the other hand, if the device context
and/or user interactions indicate a period of relatively iow user engagement, then the
maximum time delays for pending notifications may be increased to thersby allow
those noiifications to be delayed beyond the period of low user engagement. In
soms cases, such dynamic adjustments may involve scaling the maximum time
delays of pending notifications and/or adjusting the maximum time delays of pending
notifications according to a formula that is based on the real time predicted degree of

user engagement.

[0042] FIG. 3 is a flowchart of an example process 300 involving scheduling
notifications on @ mobile device. Process 300 may be described beiow as being
executed or performed by a system, such as a user computing device (e.q., device
140 descrived in connection with FIG. 1), Process 300 may be implemented in the
form of executable instructions stored on at least one machine-readable storage
medium of the system and executed by al least one processor of the system. In
some examples, process 300 may be implementad in the form of electronic circuitry
{e.g., hardware). The process 300 is depicted with a series of blocks in the flowchart
of FIG. 3. In some cases, one or more blocks of process 300 may be executed
substantially concurrently or in a different order than shown in FIG. 3. In some
cases, process 300 may include more or less blocks than are shown in FIG. 3. In
some examples, one or more of the blocks of process 300 may, at cerlain times, be

ongoing and/or may repeat.
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[0043] Al block 302, a request is received o provide a first notification prior to
passage of a maximum time delay. The request may be received from a remote
server, for example, and may be related 10 a notification for a particular application
installed on the mobile device. For instance, the notification may indicate an
available update, a communication from ancther user, eic. In some examples, the
maximum time delay for the first noftificalion may be indicated in the received
request.  For instance, the nofification may be associated with a maximum time
delay by its originating application (e.q., based on the urgency or fime-sensitivity of
the notification). In some exampies, the maximum time delay may be one of a set of
possible time delays that is indicated by some aspect of the received request. For
instance, each application may be associated with a maximum time delay, and each
notification may be associated with one of those applications such that the
association belween maximum time delays and applications can be used o
associate each notification with a maximum fime delay. In some examples,
moreover, the maximum fime delay for at least some received nolifications may be

set by the mobile device, such as {0 a default value.

[0044] At block 304, the time elapsed since receiving the request to provide the
first notification is tracked. For example, a timer may be initiated upon receiving the
first notification, and the elapsed lime may be tracked relative o the indicated

maximum ime delay.

[0045] At biock 308, the context of the mobile device may be monitored for an
opportunity to provide nolifications.  For example, sensor data may be analyzed for
indications of a ime {o provide nofifications. In some examples, this may involve
identifying times in which the coniext changes betweaen two activities (e.g., standing

to sitling, walking to standing, etc.).

[0048] Al block 308, a second nofification may be scheduled to be provided via
the user interface of the device prior to passage of the maximum time delay for the
first notification. The second notification may be a notification that has reached its
own maximum time delay since being received at the mobile device. In some cases,
the second nolification may be a notification with a higher predicied degree of user
engagement than the first notification {e.g., a higher prionty as determined by the

notification prioritizen).
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[0047] Al block 310, the elapsed time since receiving the first notification (at
block 302) is determined 0 exceed the maximum time delay. For example, a timer
that tracks the elapsed time since receiving the first notification (e.g., at block 304)

may exceed the maximum time delay.

[0048] At block 312, the first notification may be provided via the user interface of
the mobile device. The provision of the first nolification may be performed in
response o the determination of block 310. The provision of the first notification
may be carried out in accordance with a notification modalily that is selected at least

partially based on a context of the device.

[0048] FIG. 4 is a flowchart of an example process 400 involving scheduling
notifications on a mobile device. Process 400 may be described beiow as being
executed or performed by a system, such as a user computing device {g.g., device
140 described in connection with FIG. 1). Process 400 may be implemented in the
form of executable instructions siored on at least one machine-readabie siorage
medium of the system and execuied by at least one processor of the system. In
some examples, process 400 may be implemented in the form of elecironic circuitry
{e.q., hardware). The process 400 is depicted with a series of blocks in the flowchart
of FIG. 4. In some cases, one or more blocks of process 400 may be executed
substantially concurrently or in a different order than shown in FIG. 4. In some
cases, process 400 may include more or less blocks than are shown in FIG. 4. In
some examples, one or more of the blocks of process 400 may, at certain fimes, be

ongoing and/or may repeat.

[0050] At block 402, a request is received to provide notifications on a mobile
device prior to passage of a maximum time delay. For example, the request may be
received from a remocie server responsible for providing push notifications. In some
examples, the notification may even be generated iocally by an application instalied
on a device. The received reguest may then be passed o a utility used o schedule

and manage provision of notifications on the mobile device.

[0051] At block 404, the time since recelving each request is fracked. For
example, a timer may be started upon reception of each reguest, and the elapsed

fime can be tracked.
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[0052]  Atblock 408, the pending notifications may be prioritized. For example, a
notification prioritizer may evaluaie each pending notification using its content,
associated application, and/or remaining time until passage of maxdmum time delay
using a model of predicted degres of user engagement. The model may specify, for
example, predicted degrees of user engagement for notifications having content that
corresponds (o a particular pattern (e.q., notifications of messages from a particuiar
sender). In some cases, the model may evolve over time via machine learning
techniques based on the user's interaction with the mobile device upon provision of
particular notifications. For instance, a user selecling a notification may be regarded
as a relatively high degrees of user engagement whereas a user dismissing a
notification may be regarded as a relatively low degree of user engagement. Al
pending (i.e., not yet provided) nolifications may be prioritized according o the

model of predicted degree of user engagement with the notification.

[0053] Al block 408, the mobile device may determine whether the context of the
device indicates an opportunily to provide notifications.  As noled above, this
determination may involve pericdically analyzing sensor data o determine a context
of the mobile device. Some contexts may be preferred for provision of notifications.
in some cases, fransitions between contexis may be preferred for provision of
notifications.  The opporiunity identifier may use the sensor data (o analyze
opportunities for providing notifications. I, at block 408, it is determined that the
context indicates an opportunity to provide notifications, process 400 proceeds o
block 412. On the other hand, if it is determined that context does not indicate an

opporiunity to provide notifications, process 400 proceeds o block 410.

[0054] At block 410, the mobile device may determine whether the elapsed time
since receiving any of the pending notificalions exceeds iis respective maximum
fime delay. This determination may involve comparing each of several ongoing
timers with a respective maximum time delay to determine whether any of the
elapsed times has exceeded its maximum fime delay. If, at block 410, il is
determined that a notification’s slapsed time has excesded its maximum time delay,
process 400 proceeds o block 414, On the other hand, i it is determined that none
of the notifications have an elapsed time that exceads its maximum time delay,

process 400 reiums 1o biock 402 to receive additional notification{s). Thus, if context
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does not indicale an opporiunity to notify (in block 408) and none of the elapsed
times have exceeded their respeciive time delays {in block 410), the process 400
does not provide any notifications and checks for any newly received notifications {o
be provided. If no new notifications have been received upon returning o block 402,
process 400 may periodically repeat blocks 408 and 410 o determine anew whether

any pending notifications should be provided.

[0055]  Aiblock 412, which is undertaken upon determining that context indicates
an opportunity o notify, a subset of notifications with greatest priority may be
provided. In some examples, the number of notifications provided at any given time
may be limited 10 a maximum number N, which may be 2, 3, 4, 5, stc. The number
N may be sel based on the maximum number of notifications that a user can
sensibly amalgamate and process simultaneously without becoming overwhelmed.
The pending notification(s) with the greatest priority may be determined based on
the most recent ranking of all pending noltifications (af block 408). In some cases,
the notifications may be provided via the user interface of the mobiie device using a
notification modality that is selected based in part on sensor data indicative of the

context of the device.

[0058] In some examples, moreover, the system may also limit the number of
opportunities for providing notifications that may be identified within a given time
imterval. That is, the system may limit the rate at which opportunities for providing
notifications may be identified. As such, the system may limit both the number of
notifications that are presented at any given time (e.g., the number “N”} and also the
frequiency with which sets of nolifications are presented. Together, these fealures
may help prevent the user from being overwhelmed with notifications being

presented too frequently and/or presenied (oo many at once.

[0057]  Atlblock 414, which is undertaken upon determining that the elapsed time
since receiving & nolification exceeds ihat nolification’s maximum time delay, the
notification having the elapsed fime greater than its maximum time delay may be
provided. In some cases, the nolifications may be provided via the user interface of
the mobile device using a notification modality that is selected based in part on

sensor data indicative of the contaxt of the device.
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[0058]  Alblock 418, the time since receiving the provided notifications (of blocks
412 and/or 414) may stop being tracked. Once a notification is provided, it is no
longer necessary to continue tracking the elapsed time since receiving the
notification because thal notification will no longer fail 1© be provided within is
specified maximum time delay. Following block 418, process 400 may return again
to block 402 1o receive a notification once again. If no new noiifications have been
received upon retuming to block 402, process 400 may periodically repeat blocks
408 and 410 to determine anew whether any pending notifications should be

provided.

[0059] FIG. 5 is a block diagram of an example OS faull state determination
system 500. System 500 may be similar to systems 100 and 210 described in
connection with FIGS. 1-4, for example. In FIG. 5, system 500 includes a processor
510 and a2 non-transifory maching-readable storage medium 520.  Although the
following descriptions refer o a single processor and a single machine-readable
storage medium, the descriptions may also apply © a system with multiple
processors and/or multiple machine-readable storage mediums. In such examples,
the instructions may be distributed (e.q., stored) across muitiple machine-readable
storage mediums and the instructions may be distributed (e.g., execuled) across

multiple processors.

[0080] Processor 510 may incorporate central processing units (CPUs),
microprocessors, and/or other hardware devices suitable for retrieval and execution
of instructions stored in non-transitory machine-readable storage medium 520. In
the example shown in FIG. 5, processor 510 may fetch, decode, and execule
instructions 522, 524, 526, 528. In some examples, processor 510 may include
electronic circuits having electronic components for performing the processes
spacified by the instructions in machine-readable storage medium 520, With respect
to the executable instruction represeniations (e.q., boxes) described and shown
herein, it should be understood that part or all of the execuiable insitructions and/or
electronic circulls included within one box may, in some examples, be included in a

different box shown in the figures or in a different box not shown,

[0061] Machine-readable siorage medium 520 may be any elecironic, magnetic,

optical, or other physical storage device that stores executable instructions. Thus,
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machine-readable storage medium 520 may be, for example, Random Access
Memory {RAM), an Electrically-Erasable Programmable Read-Only Memory
(EEPROM)}, a2 NAND or NOR flash memory device, a siorage drive, an optical
disc, and the like. Machine-readable storage medium 520 may be disposed within
system 500, as shown in FIG. 5. In this situation, the executable instructions may
be “instalied” on the system 500. In some examples, machine-readable storage
medium 520 may be a poriable, exiernal or remote storage medium, for example,
that allows system 500 1o download the instructions from  the
portable/externalfremote  storage medium. In this situation, the executable
instructions may be part of an “installation package”. As described hersin, machine-
readable storage medium 520 may be encoded with executable instructions for
comparing image data to a reference image and, based on the comparison,

determining whether an O3 is in a state associated with the reference image.

[0082] Referring to system 500, nolification reception instructions 522, when
executed by a processor (e.q., 510), may cause system 500 to receive indicalions of
notifications to be provided to a user via a user interface of a mobile device. Time
tracking instructions 524, when executed by a processor {e.g., 510}, may cause
system 500 o track elapsed time since a given notification is received. In some
examples, instructions 524 may cause the system 500 {o track elapsed time until
a given nofification exceeds its maximum time delay. Context monitoring
instructions 526, when execuled by a processor (e.g., 510), may cause system
500 to analvze sensor data to identify contexts suitable for providing notifications.
For example, the instructions 526 may cause the system 500 to identify intervals
in which the systermn 500 changes from one context to another, which may be a
desirable interval in which to present notlifications. Notification prioritization and
scheduiing instructions 528, when executed by a process (e.q., 510), may cause
system 500 {o pricritize pending notifications based on their predicted degree of
user engagement and select at least some of those notifications for scheduling. In
some examples, the instructions 528 may cause system 500 to select a set of the
most highly ranked notifications {0 be scheduled during each identified opportunity
to provide notifications.  In some examples, the instructions 528 may cause
system 500 to immediately schedule any notifications for which the elapsed time

since receiving them exceeds their maximum time delay.
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CLAMS

1. A method comprising:
receiving a request to provide a first notification via a user interface of a
mobile device prior to passage of a maximum time delay;
fracking an elapsed time since receiving the reguest {0 provide the first
notification;
prior to passage of the maximum time delay:
monitoring a context of the mobile device for an opportunity fo
provide notifications via the user interface, and
scheduling, based on the monitored context, a second notification to
be provided via the user interface prior to passage of the maximum time
delay;
determining that the elapsed time exceeads the maximum time delay, and
responsive o determining that the elapsed time exceeds the maximum

time delay, providing the first notification via the user interface.

2. The method of claim 1, further comprising:

prior 1o passage of the maximum time delay, making a deilermination,
based at least in part on conient of the first and second notifications, that the
second notification has a higher predicled degree of user engagement than the

first notification.

3. The method of claim 1, wherein the second notification is one of mulliple
additional notifications, the method further comprising:

prior 1o passage of the maximum time delay, making a determination that
the multiple additional notifications have a higher predicied degree of user
engagement than the first nolification, wherein the determination is made based
on content of the multiple additional notifications and content of the first

notification; and
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scheduling, based on the monitored context, the muiltiple additional
notifications to be provided via the user interface prior to passage of the maximum

time delay.

4. The method of claim 1, further comprising:
after receiving the request to provide the first noiification, receiving a
request 1o provide the second notification prior to passage of a second maximum

time delay.

5 The method of claim 1, wherein monitoring the context comprises:
receiving sensor data indicative of motion of the mobile device; and
determining that the indicated motion is associated with a period of
high user engagement, and
wherein scheduling the second notification comprises:
selecting a subset of notifications from amongst a plurality of
notifications that includes the first notification and the second notification,
wherein the subset is selected from amongst the plurality based on content
of the plurality of notifications, wherein the selected subset includes the
second notification and does not include the first notification; and
providing the selected subset of notifications via the user interface

during the period of high user engagement.

6. The method of claim 1, further comprising:

selecting one from amongst multicle notification provision modalities based
on the monitored context of the mobile device, wherein sach of the mulliple
notification provision modalities specifies a respective operation of the user
interface, and

wherein the provision of the first notification via the user interface is
performed in accordance with the selected one of the notification provision

modalities.
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7. The method of caim 1, further comprising:

receiving an indicalion of a predicted degree of user engagement with a
group of notifications, wherein the group is defined at least in part based on a
sirnilarity of content of the notifications in the group;

determining that the first notification is included in the group based atl ieast
in part on content of the first nolification;

making a comparison between a preadicted degree of user engagement with
the second notification and the indicated predicted degree of user engagement
with the group of notifications; and

determining, based on the comparison, that the second nolification has a
greater predicted degree of user engagement than the first notification, and

wherein scheduling the second notification, rather than the first notification,
is based in part on determining that the second nolification has a greater predicted

degree of user engagement than the first notification.

8. A mobile device comprising:
a user interface;
a processing system coupled {o the user interface, the processing sysiem
to:
receive a reguest {0 provide a first notification via the user interface
pricr o passage of a maximum time delay;
frack an elapsed time since receiving the request to provide the first
notification:
monitor a context of the mobile device for an opportunity (o provide
notifications via the user interface, and
schedule a second notification, rather than the first notification, to be
provided via the user interface prior to passage of the maximum time delay;
determine that the slapsed time exceeds the maximum time dslay;
and
responsive fo determining that the elapsed time exceeds the

maximum time delay, provide the first notification via the user interface.
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9. The mobile device of claim 8, wherein the processing system is to

prior {0 passage of the maximum time delay, make a determination, based
at least in part on content of the first and second nolifications, that the second
notification has a higher predicted degres of user engagement than the first

notification.

10. The mobile device of claim 8, wherein the second notification is one of
muitiple additional notifications, and wherein the processing system is to:

prior {0 passage of the maximum time delay, make a determination that the
muitiple additional nolifications have a higher predicted degree of user
engagement than the first notification, wherein the determination is made based
on content of the mulliple additional notifications and content of the first
notification; and

schedule, based on the monitored context, the muiliple additiona
notifications to be provided via the user interface prior to passage of the maximum

time delay.

11, The mobile device of claim 8, wherein the processing sysiem is to
after receiving the request to provide the first notification, receive a request
to provide the second noiification prior to passage of a second maximum time

delay.

12. A non-fransifory machine-readable storage medium encoded with
instructions executable by a processor of g system {0 cause the system to:

receive a request {0 provide a first notification via the user interface prior fo
passage of a maximum time delay;

track an elapsed time since receiving the request to provide the first
notification;

receive sensor data indicative of motion of the mobile device;

determine that the indicated motion is associated with a period of high user
engagement;

select g subset of notifications from amongst a plurality of notifications that

includes the first notification and the second notification, wherein the subset is
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selected from amongst the plurality based on content of the plurality of
notifications, wherein the selected subsset includes the second notification and
does not include the first notification;

provide the selected subset of notifications via the user interface during the
period of high user engagement;

determine that the elapsed time exceeds the maximum time delay; and

responsive to determining that the elapsed time exceeds the maximum

time delay, provide the first notification via the user interface.

13. The non-transitory machine-readable storage medium of claim 12, wherein
the instructions further cause the system to:

prior to passage of the maximum time delay, make a delermination, based
at feast in part on content of the first and second notifications, that the second
notification has a higher predicted degree of user engagement than the first

notification.

14.  The non-transitory machine-readable storage medium of claim 12, wherein
the instructions further cause the system to:

prior 1o passage of the maximum time delay, make a determination that the
muitiple additional notifications have a higher predicted degree of user
engagement than the first notification, wherein the determination is made based
on content of the multiple additional notifications and content of the first
notification; and

schedule, based on the monilored context, the muitiple additional
notifications 1o be provided via the user interface prior to passage of the maximum

time delay.

15.  The non-transitory machine-readable storage medium of claim 12, wherein
the instructions further cause the sysiem fo:

after receiving the request to provide the first notification, receive a request
to provide the second notification prior o passage of a second maximum time

delay.
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