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In a computing device running multiple applications, a check is made as to whether a threshold value of multiple threshold values
has been met. Each of the multiple threshold values Is associated with a characteristic of one of the multiple applications or a
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characteristic of a resource of the computing device. If the threshold value has not been met, then the multiple applications are
allowed to continue running on the computing device. However, If the threshold value has been met, then one or more of the

multiple applications to shut down Is selected based at least in part on the characteristic associated with the threshold value that
has been met, and the selected application I1s shut down.
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(57) Abstract: In a computing device running multiple applications, a check 1s made as to whether a threshold value of multiple

threshold values has been met. Fach of the multiple threshold values 1s associated with a characteristic of one of the multiple applic -

ations or a characteristic of a resource of the computing device. If the threshold value has not been met, then the multiple applica -

tions are allowed to continue running on the computing device. However, if the threshold value has been met, then one or more of
the multiple applications to shut down 1s selected based at least in part on the characteristic associated with the threshold value that
has been met, and the selected application 1s shut down.
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APPLICATION LIFETIME MANAGEMENT
Background
[0001] Computing devices can run multiple applications concurrently. As the number of
applications running concurrently increases, the usage of various computing device resources
(Such' as processors, memory, etc.) can also increase. These applications can continue to use
the computing device resources even if the applications are not being actively used by a user
of the computing device. This can be problematic because the usage of the computing device
resources by the multiple concurrently running applications can degrade the performance of
the computing device, which can lead to frustrating and unpleasant user experiences.
Sunimagg
[0002] This Summary 1s provided to introduce a selection of concepts in a simplified
torm that are turther 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.
[0003] In accordance with one or more aspects, in a computing device running multiple
applications, a check 1s made as to whether a threshold value of multiple threshold values has
been met. Each of the multiple threshold values 1s associated with a characteristic of one of
the multiple applications or a characteristic of a resource of the computing device. If the
threshold value has not been met, then the multiple applications are allowed to continue
running on the computing device. However, it the threshold value has been met, then one or
more of the multiple applications to shut down is selected based at least in part on the
characteristic associated with the threshold value that has been met, and the selected
appliCation 1s shut down.
[0004] In accordance with one or more aspects, a list of background applications running
on the computing device 1s generated. The list of background applications is prioritized based
at least 1n part on usage of a resource of the computing device by the background applications
on the list. An application on the list of background applications is selected, and the selected
application 1s shut down.
10004a] According to one aspect of the present invention, there is provided a method in
a computing device running multiple applications, .the method comprising: determining

multiple threshold values, each of the multiple threshold values being associated with either a
1
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characteristic of one of the multiple applications or a characteristic of a resource of the
computing device; adjusting the multiple threshold values based at least in part on if the
computing device 1s operating as a plugged-in system or an on-battery system; checking
whether a threshold value of the multiple threshold values has been met, the threshold value
assoclated with a periodic network usage amount of the computing device; allowing, if the
threshold value has not been met, the multiple applications to continue running on the
computing device; and if the threshold value has been met, then: selecting, based at least in
part on the periodic network usage amount of the computing device, one or more of the
multiple applications to shut down; and shutting down the one or more applications.

[0004b] According to another aspect of the present invention, there is provided one or
more computer storage memories having stored thereon multiple instructions that, when
executed by one or more processors of a computing device, cause the one or more processors
to perform operations comprising: generating a list of background applications running on the
computing device; determining a threshold value associated with a periodic network usage of
the computing device, the threshold value having a first threshold value if the computing
device 1s operating as an on-battery system, and a second threshold value if the computing
device 1s operating as a plugged-in system, the first threshold value and the second threshold
value having diftferent threshold values; prioritizing the background applications on the list,
such that background applications that exceed a periodic network usage amount have a lower
priority; selecting an application with a low priority on the list of background applications;
automatically shutting down the selected application; and repeating the selecting of an
application and shutting down the selected application until the periodic network usage of the
computing device does not meet the threshold value determined by said determining.

[0004¢] According to still another aspect of the present invention, there 1s provided a
method 1n a computing device running multiple applications, the method comprising:
determining multiple threshold values including: a first threshold value associated with an age
of one of the multiple applications, a second threshold value associated with usage of a
processor core of the computing device, a third threshold value associated with usage of a
storage device of the computing device, and a tourth threshold value associated with periodic
network usage of the computing device; adjusting the multiple threshold values based at least

in part on 1f the computing device 1s operating as a plugged-in system or an on-battery system;
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checking whether a threshold value of the multiple threshold values has been met; allowing, if
none ot the multiple threshold values has been met, the multiple applications to continue
running on the computing device; if the first threshold value has been met, then selecting a
tirst application of the multiple applications having an oldest age and shutting down the first
application; it the second threshold value has been met, then selecting a second application of
the multiple applications having a largest processor core usage and shutting down the second
application; if the third threshold value has been met, then selecting a third application of the
multiple applications having a largest storage device usage and shutting down the third
application; and 1f the tourth threshold value has been met, then selecting a fourth application
of the multiple applications having a largest periodic network usage amount and shutting
down the tourth application.

[0004d] According to yet another aspect of the present invention, there is provided a
computer-readable medium having computer executable instructions stored thereon, that when

executed performs the method as described herein.

Brief Description of the Drawings

[0005] The same numbers are used throughout the drawings to reference like features.

[0006] Fig. 1 1llustrates an example computing device implementing the application

lifetime management in accordance with one or more embodiments.

1b
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[0007] Fig. 2 1illustrates an example system implementing the application lifetime
management in accordance with one or more embodiments.

[0008] Fig. 3 1s a flowchart illustrating an example process for a device implementing
application lifetime management in accordance with one or more embodiments.

[0009] Fig. 4 1s a flowchart 1llustrating an example process for selecting one or more
applications to be shut down 1n accordance with one or more embodiments.

[0010] Fig. 5 1llustrates an example computing device that can be configured to
implement the application lifetime management 1n accordance with one or more
embodiments.

Detailed Description

[0011] Application lifetime management 1s discussed herein. Various characteristics
of applications and/or computing device resources are monitored, such as application age,
processor usage, memory usage, and so forth. Each of these monitored characteristics has
an associated threshold value, and 1f at least one of the threshold values 1s met then one or
more applications are selected to be automatically shut down. The one or more
applications that are selected to be automatically shut down are based at least in part on
the threshold value that was met and the characteristic associated with that threshold
value.

[0012] Fig. 1 1llustrates an example computing device 100 implementing the
application lifetime management 1n accordance with one or more embodiments.
Computing device 100 can be a variety of different types of devices. For example,
computing device 100 can be a desktop computer, a netbook or laptop computer, a
notepad or tablet computer, a mobile station, an entertainment appliance, a set-top box
communicatively coupled to a display device, a television, a cellular or other wireless
phone, a game console, an automotive computer, and so forth. Thus, computing device
100 may range from a full resource device with substantial memory and processor
resources (e.g., personal computers, game consoles) to a low-resource device with limited
memory and/or processing resources (e.g., traditional set-top boxes, hand-held game
consoles).

[0013] Computing device 100 1s powered by one or more power sources. These
power sources can be an external power source or plug-in power supply, and when
operating under power from such a power source computing device 100 1s referred to as
operating as a plugged-in system or device. These power sources can also be an internal

power source such as a battery, and when operating under power from such a power
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source computing device 100 1s referred to as operating as an on-battery system or device.
Many types of devices can be plugged-in systems or on-battery systems at different times,
depending on the power source that the device 1s operating under at any particular time.
Other types of devices, however, can be only plugged-in systems (having no internal
power source) or only on-battery systems (using no external power source).

[0014] Computing device 100 includes an operating system 102 and one or more
applications 104. During operation, operating system 102 and applications 104 run on
computing device 100, with operating system 102 managing applications 104. The
management of applications 104 includes automatically shutting down one or more
applications 104, as discussed 1n more detail below. The lifetime or life of an application
104 refers to the time period when the application 1s running, beginning when the
application begins running and ending when the application 1s shut down.

[0015] Operating system 102 includes a system information collection module 106
and an application lifetime management module 108. Although system information
collection module 106 and application lifetime management module 108 are illustrated as
being part of operating system 102, alternatively one or both of module 106 and module
108 can be implemented separately from operating system 102.

[0016] System 1nformation collection module 106 collects various information
regarding characteristics of applications 104 and/or the resources of computing device
100. The information regarding characteristics of applications 104 includes, for example,
the age of each application 104. The age of an application 104 refers to how long ago
(e.g., in terms of minutes, hours, days, etc.) the application 104 was last in the foreground.
An application 1s 1n the foreground when it 1s being displayed or otherwise presented via a
user nterface of the computing device. Applications that have been minimized (and
optionally applications having their display windows covered by the display windows of
other applications) are not in the foreground, and are referred to as background
applications. The information regarding characteristics of applications 104 can also
include other properties of applications 104, such as a count of how many applications 104
are running on computing device 100.

[0017] Resources of computing device 100 include hardware and/or software
resources of computing device 100, such as processors and/or processor cores, memory,
network connections, and so forth. The mformation regarding characteristics of resources
of computing device 100 includes, for example, information regarding the usage of

resources of computing device 100, information describing properties of resources of
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computing device 100, and so forth. For example, characteristics of resources of
computing device 100 can include how much of the processor (or a processor core) of
computing device 100 is being used by all applications 104 combined, how much of each
processor (or each processor core) of computing device 100 1s being used by each
individual application 104, an average lifetime of memory pages on a standby list, a type
of network connection (e.g., whether a particular network connection 1s a cellular wireless
connection, a wireless local arca network (e.g., Wi-F1) connection, etc.), and so forth.
[0018] Application lifetime management module 108 1includes an application
information tracking module 112, a trigger module 114, an application selection module
116, and a shutdown module 118. Application information tracking module 112 receives
information regarding characteristics of applications 104 and/or the resources of
computing device 100 from system information collection module 106. Trigger module
114 monitors the information received by application information tracking module 112
and determines when a threshold value associated with a particular characteristic of an
application 104 and/or a resource of computing device 100 has been met. When a
threshold value associated with a particular characteristic of application 104 and/or a
resource of computing device 100 has been met, application selection module 116 selects
one¢ or more of applications 104 to shut down. Shutdown module 118 manages shutting
down of the one or more applications selected by application selection module 116.
Shutdown module 108 automatically shuts down the one or more applications selected by
application selection module 116 - user mput or confirmation of the application to shut
down need not be received for shutdown module 108 to shut down the selected one or
more applications.

[0019] Application information tracking module 112 maintains information regarding
various characteristics of applications 104 and/or the resources of computing device 100
from system information collection module 106. Application information tracking module
112 can request this information at regular or 1rregular intervals (e.g., every five seconds)
from system information collection module 106, or alternatively can receive this
information from module 106 1n other manners (e.g., module 112 can register with module
106 to recerve messages or other updates with the information).

[0020] In one or more embodiments, the information maintained by application
information tracking module 112 includes the age of cach application 104, processor
(Central Processing Unit or CPU) core usage for each processor core in computing device

100, memory usage, storage device (e.g., hard disk) usage for each storage device in
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computing device 100, and network connection usage for each network connection used
by computing device 100. The processor core usage 1s, for example, a combined usage of
the processor core capacity (e.g., as a percentage of the full processor core capacity) by all
applications 104, and/or the individual usage of the processor capacity (e.g., as a
percentage of the full processor core capacity) by each application 104. Such processor
core usage (whether combined applications or individual applications) can be determined,
for example, by averaging the usage at particular intervals (e.g., every five seconds) over a
particular number of intervals (e.g., 12 intervals).

[0021] The memory usage 1s, for example, a combined usage of the memory by all
applications 104, and/or the individual usage of the memory by each application 104.
Such memory usage (whether combined applications or individual applications) can be
determined, for example, by determining the average lifetime of memory pages (¢.g., over
a particular time period, such as the previous minute, the life of the application, and so
forth) on a standby list maintained by a memory manager of operating system 102. Such
memory usage can also be determined in different manners, such as by determining an
average number of memory pages (€.g., over a particular time period, such as the previous
minute, the life of the application, and so forth) in a working set of memory pages for the
application.

[0022] The storage device usage 1s, for example, a combined usage of the storage
device by all applications 104, and/or the individual usage of the storage device by each
application 104. The storage device usage (whether combined applications or imndividual
applications) can be determined, for example, by averaging the frequency of accesses to
the storage device (e.g. over a particular time period, such as the previous minute, the life
of the application, and so forth). Such storage device usage can also be determined n
different manners, such as by determining an amount of data transferred to and/or from the
storage device (e.g. over a particular time period, such as the previous minute, the life of
the application, and so forth).

[0023] The network connection usage 1s, for example, a combined usage of the
network connection by all applications 104, and/or the individual usage of the network
connection by ecach application 104. The network connection usage (whether combined
applications or individual applications) can be determined, for example, by determining an
average frequency of data being communicated (sent or received) over the network
connection (e.g. over a particular time period, such as the previous minute, the life of the

application, and so forth). Such network connection usage can also be determined 1n
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different manners, such as by determining an average amount of data being communicated
(sent or recerved) over the network connection (€.g. over a particular time period, such as
the previous minute, the life of the application, and so forth).

[0024] Trigger module 114 wuses the information maintained by application
information tracking module 112 to determine when a threshold value associated with a
particular characteristic of an application 104 and/or a resource of computing device 100
has been met. In one or more embodiments, each characteristic for which information 1s
maintained by application information tracking module 112 has its own associated
threshold value (although it should be noted that multiple such threshold values can be the
same value). The threshold values used by trigger module 114 can be pre-configured in
trigger module 114, or alternatively can be provided to or otherwise obtained by trigger
module 114 from another component or module (of computing device 100 or another
device).

[0025] In one or more embodiments, a threshold value 1s met 1f the associated
characteristic has a value that equals or exceeds the threshold wvalue. In other
embodiments, a threshold value can be met in other manners, such as if the associated
characteristic has a value that exceeds the threshold value.

[0026] The threshold values can be set 1n a variety of different manners, and 1n one or
more embodiments are set so as to maintain a high degree of system responsiveness as
well as a long battery life. By shutting down certain applications when certain
characteristics meet certain threshold values, application lifetime management module 108
attempts to maintain a high degree of system responsiveness as well as a long battery life.
The particular threshold values can be set, for example, based on empirical analysis of the
operation of different devices.

[0027] Table I includes examples of threshold values that can be used for particular
characteristics of an application 104 and/or resource of computing device 100. It 1s to be
appreciated that the examples included 1n Table I are examples, and that other threshold
values and/or other characteristics can alternatively be used. Table I 1llustrates examples

of threshold values associated with particular characteristics for plugged-in systems.
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Table 1
Characteristic Threshold Value
Application age 3 hours (since the application was last in the foreground)
Processor usage 75% (combined usage of the processor core capacity by all

applications) for over 20 seconds; and/or
25% (usage of the processor core capacity by a single

application) for over 20 seconds

Memory usage Rapid churn/paging every 300 seconds (average lifetime of
memory pages on the standby list maintained by the memory
manager)

Disk usage 75% (disk utilization by all processor cores on any single disk

in the system) for over 20 seconds

[0028] Table II includes additional examples of threshold values that can be used for
particular characteristics of an application 104 and/or resource of computing device 100. It
1s to be appreciated that the examples included 1n Table II are examples, and that other
threshold values and/or other characteristics can alternatively be used. Table 11 1llustrates
examples of threshold values associated with particular characteristics for on-battery

systems.
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Table 11
Characteristic Threshold Value
Application age 3 hours (since the application was last in the foreground)
Processor usage 75% (combined usage of the processor core capacity by all

applications) for over 5 seconds; and/or

ereater than 50% 1n  intervals (record per-application
processor core usage every 5 seconds 1n a rolling history of 12
intervals; trigger 1f utilization 1s non-zero 1n more than 50% of

the intervals)

Memory usage Rapid churn/paging every 300 seconds (average lifetime of
memory pages on the standby list maintaimned by the memory

manager)

Periodic disk usage | Non-zero activity 1n consecutive 1ntervals (for each

application, disk utilization 1s recorded 1n 5 minute intervals)

Periodic Network Non-zero activity in consecutive intervals (for each
usage application, network utilization 1s recorded 1n 5 minute
intervals)

[0029] Application selection module 116, 1n response to trigger module 114
determining that a threshold value has been met, selects one or more of applications 104 to
shut down. This selection 1s based at least in part on the characteristic associated with the
particular threshold value that was exceeded, and thus 1s also based at least in part on the
particular threshold value that was exceeded. Application selection module 116 selects
onc or more of applications 104 to shut down when at least one threshold value 1s met.
For example, application selection module 116 selects one or more of applications 104 to
shut down 1f the threshold value for one resource (€.g., processor usage, memory usage,
etc.) 18 met.

[0030] In one or more embodiments, application selection module 116 selects an
application 104 to be shut down, and provides an indication of the selected application 104
to shutdown module 118. Shutdown module 118 shuts down the selected application 104
in any of a variety of different manners, such as by communicating a request to the
selected application 104 to shut itself down, by communicating with other components or
modules of operating system 102 to terminate execution of the selected application 104,

and so forth. After the selected application 104 1s shut down, trigger module 114 checks
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whether the threshold value that was previously met (and resulted in the selected
application 104 being shut down) is still met. If the threshold value is still met then
application selection module 116 selects another application 104 to be shut down.
However, 1f the threshold value is not still met, then no additional applications need be
shut down.

[0031] Alternatively, rather than selecting applications one by one, application
selection module 116 can select multiple applications that are to be shut down. For
example, application selection module 116 can determine a particular number of
applications that are to be kept running based on a particular resource of computing device
100 (e.g., a particular amount of random access memory (RAM) in computing device 100,
a particular number of processor cores in computing device 100, and so forth). One or
more applications are selected so that only that particular number of applications are kept
running.

0032] Application selection module 116 can select which application 104 to shut
down in a variety of different manners. In one or more embodiments, application selection
module 116 selects an application to be shut down trom a set of applications that includes
applications running in the background. Applications running in the foreground (and thus
possibly having displayed user interfaces that may be visible to the user) are not among
the set from which an application to be shut down 1s selected. Whether an application is
running in the foreground or background i1s a characteristic of the application that is
maintained by, and can be retrieved by application lifetime management module 108 from,
system information collection module 106.

[0033]  Additionally, in one or more embodiments, the characteristics of the
applications 104 and resources of computing device 100 maintained by application
information tracking module 112 are obtained by application selection module 116. For
the characteristic associated with the threshold value that was met, the set of applications
running in the background is prioritized based on its value for that characteristic.
Application selection module 116 selects, from the set of applications running in the
background, the most offending application 104. The most offending application 104 1s
the application having a largest or highest value for that characteristic. For example, the
application 104 having the highest usage of a resource, the application 104 having the
largest age value (e.g., the application 104 having the oldest age), and so forth. The least
offending application 104 would then be the application 104 having the lowest usage of

the resource, the application having the youngest age, and so forth. For example, if the
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processor usage threshold 1s met, then application selection module 116 selects the
application having the largest processor usage as the most offending application, and
selects that application as the application to be shut down. E.g., if there are five running
applications 104 having processor usages of 20%, 5%, 4%, 4%, and 3%, respectively, then
the application having the processor usage of 20% 1s the application having the highest
usage of the processor and 1s the application that 1s selected to be shut down.
Alternatively, multiple applications can be selected to be shut down (e.g., the application
having the processor usage of 20% and the application having the processor usage of 5%).
[0034] Alternatively, other techniques can be used to select, from the set of
applications running in the background, the application to shut down. For example, the set
of applications running in the background can be prioritized based on how frequently each
application 1s used (e.g., what percentage of the time, while the application 1s running, the
application 1s running in the foreground), based on how recently each application was last
in the foreground, and so forth. The application selected as the application to shut down
can be the application that 1s least frequently used, the application that was least recently
in the foreground, and so forth.

[0035] Furthermore, 1n one or more embodiments one or more different types of
applications are exempted from being selected by application selection module 116 as an
application to be shut down. Application selection module 116 can be configured with, or
alternatively obtain from another module or device, an mdication of these one or more
types of applications that are exempted from being selected by application selection
module 116 as an application to be shut down. The particular types of applications that
are exempted from being selected by application selection module 116 as an application to
be shut down can be determined 1n different manners based on the desires of the designer
of application selection module 116, or an administrator or user of computing device 100.
[0036] It should be noted that although various examples of characteristics of
applications 104 and/or the resources of computing device 100 and associated threshold
values are discussed herein, these are only examples and other characteristics can
alternatively be used with the techniques discussed herein. For example, characteristics
such as the number of applications 104 running on computing device 100 can be used, and
trigger module 114 can determine that a threshold value has been met 1f at least a
threshold number of applications 104 are running on computing device 100. By way of

another example, different threshold values can be associated with different types of
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network connections, such as one threshold value for cellular wireless network connection
usage and another threshold value for Wi-F1 network connection usage.

[0037] Fig. 2 1llustrates an example system 200 implementing the application lifetime
management in accordance with one or more embodiments. System 200 can be
implemented by, for example, computing device 100 of Fig. 1. System 200 includes an
application lifetime management module 202 that can be, for example, application lifetime
management module 108 of Fig. 1.

[0038] Application lifetime management module 202 receives application and/or
resource characteristics 204 from a system information collection module 206. These
application and/or resource characteristics can be, for example, the mformation regarding
various characteristics of applications 104 and/or the resources of computing device 100
received by application information tracking module 112 of Fig. 1. These application
and/or resource characteristics 204 can be received via another component or module,
such as system information collection module 106 of Fig. 1.

[0039] Application lifetime management module 202 also receives application
1dentifiers 208 from a user interface management module 210. Application identifiers 208
identify applications that are, for example, currently running in the foreground. User
interface management module 210 maintains a record of the applications that are currently
running 1n the foreground, and provides the applications 1n that record as application
identifiers 208. These application 1dentifiers can be received via another component or
module, such as system information collection module 106 of Fig. 1.

[0040] Application lifetime management module 202 uses one or more of the
application/resource characteristics 204 and the application 1dentifiers 208 to select one or
more applications 212 to be shut down. These one or more applications can be selected 1n
different manners as discussed above. These applications 212 can be, for example, one or
more of applications 104 of Fig. 1. Application lifetime management module 202
communicates a shut down request or command 214 to the one or more applications 212.
[0041] Fig. 3 1s a flowchart illustrating an example process 300 for a device
implementing application lifetime management 1n accordance with one or more
embodiments. Process 300 1s carried out by a computing device, such as computing
device 100 of Fig. 1, and can be mmplemented in software, firmware, hardware, or
combinations thercof. Process 300 1s shown as a set of acts and 1s not limited to the order
shown for performing the operations of the various acts. Process 300 1s an example

process for a device implementing application Ilifetime management; additional
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discussions of implementing application lifetime management are included herein with
reference to different figures.

[0042] In process 300, a check 1s made as to whether a threshold value 1s exceeded
(act 302). As discussed above, this threshold value 1s a threshold value associated with a
characteristic of an application running on a computing device and/or a resource of
computing device.

[0043] If no threshold value 1s exceeded, then the applications running on the
computing device are allowed to continue running on the computing device (act 304). Act
302 1s then repeated (e.g., at regular or irregular intervals).

[0044] However, if a threshold value 1s exceed, then one or more applications to shut
down are selected (act 306). These one or more applications can be selected 1n different
manners, as discussed above.

[0045] The one or more applications selected 1n act 306 are shut down (act 308). Act
302 1s then repeated (e.g., at regular or 1rregular intervals).

[0046] Fig. 4 1s a flowchart illustrating an example process 400 for selecting one or
more applications to be shut down 1n accordance with one or more embodiments. Process
400 1s carried out by a computing device, such as computing device 100 of Fig. 1, and can
be implemented 1n software, firmware, hardware, or combinations thercof. Process 400 1s
shown as a set of acts and 1s not limited to the order shown for performing the operations
of the various acts. Process 400 1s an example process for selecting one or more
applications to be shut down; additional discussions of selecting one or more applications
to be shut down are included herein with reference to different figures.

[0047] Process 400 1s typically iitiated 1n response to a threshold value associated
with a characteristic of an application running on a computing device and/or a resource of
computing device being met. In process 400, a list of background applications 1s generated
(act 402). The background applications are applications that are running on the computing
device 1n the background.

[0048] Optionally, one or more applications that are exempted from being shut down
are removed from the generated list (act 404). Different types of applications can be
exempted from being shut down, as discussed above.

[0049] The applications remaining on the generated list are prioritized (act 406). The
applications can be prioritized in different manners, such as according to usage of a
particular resource (e.g., the resource associated with the threshold value that was met),

age, frequency of use, and so forth.
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[0050] An application on the generated list 1s selected (act 408). The application
selected 1n act 408 1s the application that 1s prioritized the highest (e.g., has the highest
usage of a resource, has the oldest age, has the lowest frequency of use, and so forth).
[0051] The selected application 1s shut down (act 410). The selected application can
be shut down 1n different manners, as discussed above.

[0052] A check 1s then made as to whether the threshold value 1s still being met (act
412). If the threshold value 1s still being met, then process 400 returns to act 408 to select
another application. Alternatively, process 400 can return to act 402 to re-generate the list
of background applications.

[0053] If the threshold value 1s not still being met then process 400 1s done (act 414).
Additionally, 1f all applications that can be shut down (e.g., all background applications,
all applications that are not exempted from being shut down, etc.) have been shut down,
process 400 1s done (act 414) even 1f the threshold value 1s still met.

[0054] Process 400 1s discussed with reference to generating a list and removing from
the list applications that are exempted from being shut down. Alternatively, a list of
background applications can be generated and prioritized, an application on the generated
list selected, and then the application shut down only 1f the selected application 1s not
exempted from bemg shut down.

[0055] The techniques discussed herein support various usage scenarios. For example,
if a particular background application 1s using a large amount of the capacity of the
processor (or memory), that particular background application can be selected as the
application to be shut down. Thus, a background application, which was not 1n the
foreground and not being currently used by the user of device 100, is automatically shut
down and the resources being used by that background application are freed up for other
applications to use. Rather than simply shutting down the least recently used application,
the application having a high probability of freeing up resources for other applications to
use 1s the application that 1s shut down.

[0056] It should also be noted that the application lifetime management techniques
discussed herein alleviate the user of some of the burden of managing multiple
applications on his or her computing device. The user can run applications as he or she
desires without concern for shutting down those applications when he or she 1s no longer
using those applications. Rather, the application Ilifetime management techniques
discussed herein automatically shut down the application for the user, taking care to shut

down background applications rather than applications currently being used by the user.
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[0057] Fig. 5 illustrates an example computing device 500 that can be configured to
implement the application lifetime management 1n accordance with one or more
embodiments. Computing device 500 can be, for example, computing device 100 of Fig.
1.

[0058] Computing device 500 includes one or more processors or processing units 502
(cach of which can include one or more processor cores), one or more computer readable
media 504 which can include one or more memory and/or storage components 506, one or
more mput/output (I/O) devices 508, and a bus 510 that allows the various components
and devices to communicate with one another. Computer readable media 504 and/or one
or more I/0O devices 508 can be included as part of, or alternatively may be coupled to,
computing device 500. Bus 510 represents one or more of several types of bus structures,
including a memory bus or memory controller, a peripheral bus, an accelerated graphics
port, a processor or local bus, and so forth using a variety of different bus architectures.
Bus 510 can include wired and/or wireless buses.

[0059] Memory/storage component 506 represents one or more computer storage
media. Component 506 can include volatile media (such as random access memory
(RAM)) and/or nonvolatile media (such as read only memory (ROM), Flash memory,
optical disks, magnetic disks, and so forth). Component 506 can include fixed media (e.g.,
RAM, ROM, a fixed hard drive, etc.) as well as removable media (e.g., a Flash memory
drive, a removable hard drive, an optical disk, and so forth).

[0060] The techniques discussed herein can be mmplemented in software, with
instructions being executed by one or more processing units 502. It 1s to be appreciated
that different mstructions can be stored 1n different components of computing device 500,
such as 1n a processing unit 502, in various cache memories of a processing unit 502, 1n
other cache memories of device 500 (not shown), on other computer readable media, and
so forth. Additionally, 1t 1s to be appreciated that the location where nstructions are stored
1n computing device S00 can change over time.

[0061] One or more input/output devices 508 allow a user to enter commands and
information to computing device 500, and also allows information to be presented to the
user and/or other components or devices. Examples of input devices include a keyboard, a
cursor control device (e.g., a mouse), a microphone, a scanner, and so forth. Examples of
output devices include a display device (e.g., a monitor or projector), speakers, a printer, a

network card, and so forth.
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[0062] Various techniques may be described herein i the general context of software
or program modules. Generally, software includes routines, programs, objects,
components, data structures, and so forth that perform particular tasks or implement
particular abstract data types. An implementation of these modules and techniques may be
stored on or transmitted across some form of computer readable media. Computer
readable media can be any available medium or media that can be accessed by a
computing device. By way of example, and not limitation, computer readable media may
comprise "computer storage media" and "communications media."

[0063] "Computer storage media" include volatile and non-volatile, removable and
non-removable media 1mplemented in any method or technology for storage of
information such as computer readable instructions, data structures, program modules, or
other data. Computer storage media include, but are not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage
or other magnetic storage devices, or any other medium which can be used to store the
desired information and which can be accessed by a computer.

[0064] "Communication media" typically embody computer readable instructions, data
structures, program modules, or other data in a modulated data signal, such as carrier wave
or other transport mechanism. Communication media also include any information
delivery media. The term "modulated data signal" means a signal that has one or more of
1ts characteristics set or changed 1n such a manner as to encode information 1n the signal.
By way of example, and not limitation, communication media include wired media such as
a wired network or direct-wired connection, and wireless media such as acoustic, RF,
infrared, and other wireless media. Combinations of any of the above are also included
within the scope of computer readable media.

[0065] Generally, any of the functions or techniques described herein can be
implemented using software, firmware, hardware (e.g., fixed logic circuitry), manual
processing, or a combination of these implementations. The terms "module" and
"component" as used herein generally represent software, firmware, hardware, or
combinations thercof. In the case of a software implementation, the module or component
represents program code that performs specified tasks when executed on a processor (e.g.,
CPU or CPUs). The program code can be stored in one or more computer readable
memory devices, further description of which may be found with reference to Fig. 5. The

features of the application lifetime management techniques described herein are platform-
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independent, meaning that the techniques can be implemented on a variety of commercial
computing platforms having a variety of processors.

[0066] Although the subject matter has been described 1n language specific to
structural features and/or methodological acts, 1t 1s to be understood that the subject matter
defined 1n the appended claims 1s not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.
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CLAIMS:

1. A method i a computing device running multiple applications, the method

comprising:

determining multiple threshold values, each ot the multiple threshold values
being associated with either a characteristic of one of the multiple applications or a

characteristic of a resource of the computing device;

adjusting the multiple threshold values based at least in part on 1f the

computing device is operating as a plugged-in system or an on-battery system;

checking whether a threshold value of the multiple threshold values has been
met, the threshold value associated with a periodic network usage amount of the computing

device:

allowing, if the threshold value has not been met, the multiple applications to

continue running on the computing device; and
if the threshold value has been met, then:

selecting, based at least in part on the periodic network usage amount of the

computing device, one or more of the multiple applications to shut down; and

shutting down the one or more applications.
2. A method as recited in claim 1, further comprising:

checking whether a threshold value associated with a usage of a processor core

of the computing device by the multiple applications has been met; and

if the threshold value associated with the usage of the processor core by the
multiple applications has been met, selecting, based at least in part on the usage of the
processor, one or more additional applications ot the multiple applications to shut down and

shutting down the one or more additional applications.
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3. A method as recited in claim 1, turther comprising:

checking whether a threshold value associated with a usage ot a processor core

of the computing device by a single application of the multiple applications has been met; and

if the threshold value associated with the usage ot the processor core by the

single application has been met, shutting down the single application.
4, A method as recited in claim 1, further comprising:

checking whether a threshold value associated with a usage of memory ot the

computing device has been met; and

it the threshold value associated with the usage of the memory has been met,
selecting, based at least in part on the usage ot the memory, one or more additional applications
of the multiple applications to shut down and shutting down the one or more additional

applications.
5. A method as recited in claim 1, further comprising:

checking whether a threshold value associated with a usage of a storage device

of the computing device has been met; and

if the threshold value associated with the usage of the storage device has been

met, selecting, based at least in part on the usage of the storage device, one or more additional
applications of the multiple applications to shut down and shutting down the one or more

additional applications.
6. A method as recited in claim 1, further comprising:

checking whether a threshold value associated with an age of the one of the
multiple applications has been met, wherein the age of the one of the multiple applications

indicates how long ago the one of the multiple applications was last in the foreground; and
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if the threshold value associated with the age of the one of the multiple

applications has been met, shutting down the one of the multiple applications.

7. A method as recited 1n claim 1, wherein the selecting one or more of the multiple

applications to shut down comprises:

1identifying at least one of the multiple applications that 1s exempted from being
shut down, wherein the at least one of the multiple applications includes applications that are

running in the foreground; and

selecting, as the one or more of the multiple applications to shut down, one or

more applications other than the at least one of the multiple applications.
8. A method as recited 1n claim 1, further comprising:

checking whether a threshold value associated with a resource of the

computing device, different from the periodic network usage, has been met; and

selecting one or more additional applications of the multiple applications
having a largest usage of the resource and shutting down the one or more additional

applications.

9. One or more computer storage memories having stored thereon multiple

instructions that, when executed by one or more processors of a computing device, cause the

one or more processors to perform operations comprising:
generating a list of background applications running on the computing device;

determining a threshold value associated with a periodic network usage ot the
computing device, the threshold value having a first threshold value if the computing device 1s
operating as an on-battery system, and a second threshold value 1f the computing device 1s
operating as a plugged-in system, the first threshold value and the second threshold value

having different threshold values;
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prioritizing the background applications on the list, such that background

applications that exceed a periodic network usage amount have a lower priority:

selecting an application with a low priority on the list of background

applications;
automatically shutting down the selected application; and

repeating the selecting of an application and shutting down the selected
application until the periodic network usage of the computing device does not meet the

threshold value determined by said determining.

10. One or more computer storage memories as recited in claim 9, wherein
selecting the application on the list comprises selecting the application on the list having a

largest periodic network usage amount.

11. One or more computer storage memories as recited in claim 9, wherein
selecting the application comprises selecting multiple applications on the list of background
applications, and wherein shutting down the selected application comprises shutting down the

multiple selected applications.

12. One or more computer storage memories as recited mn claim 9, wherein the
background applications on the list are further prioritized based at least in part on usage of a

processor core of the computing device.

13. One or more computer storage memories as recited in claim 9, wherein the
background applications on the list are further prioritized based at least in part on usage of a

storage device of the computing device.

14, One or more computer storage memories as recited i claim 9, wherein the
threshold value 1s a third threshold value 1t the periodic network usage is on a cellular wireless
network, and a fourth threshold value if the periodic network usage is on a Wi-F1 network,

wherein the third threshold value and the ftourth threshold value are different threshold values.
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13, One or more computer storage memories as recited in claim 9, wherein the
background applications on the list are further prioritized based at least in part on usage of

memory of the computing device.

16. One or more computer storage memories as recited in claim 9, wherein the
background applications on the list are further prioritized based at least in part on an age of
the background applications, wherein the age of the background applications indicates how

long ago the background applications were last in the foreground.

17. A method in a computing device running multiple applications, the method

comprising:
determining multiple threshold values including:

a ftirst threshold wvalue associated with an age of one of the multiple

applications,

a second threshold value associated with usage of a processor core of the

computing device,

a third threshold value associated with usage of a storage device of the

computing device, and

a fourth threshold value associated with periodic network usage of the

computing device;

adjusting the multiple threshold values based at least in part on if the

computing device 1s operating as a plugged-in system or an on-battery system;

checking whether a threshold value of the multiple threshold values has been

met:

allowing, 1f none of the multiple threshold values has been met, the multiple

applications to continue running on the computing device;
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if the first threshold value has been met, then selecting a first application of the

multiple applications having an oldest age and shutting down the first application;

if the second threshold value has been met, then selecting a second application
of the multiple applications having a largest processor core usage and shutting down the

second application;

if the third threshold value has been met, then selecting a third application of

the multiple applications having a largest storage device usage and shutting down the third

application; and

if the fourth threshold value has been met, then selecting a fourth application of
the multiple applications having a largest periodic network usage amount and shutting down

the fourth application.
18. A method as recited in claim 17, further comprising:
running an empirical analysis on the computing device; and

wherein the determining of the multiple threshold values 1s based at least in

part on the empirical analysis.

19. A method as recited in claim 17, further comprising adjusting the fourth
threshold value based at least in part on if the periodic network usage 1s on a cellular wireless

network or if the periodic network usage 1s on a Wi-F1 network.

20). A computer-readable medium having computer executable instructions stored

thereon, that when executed performs the method according to any one of claims 1-8 or 17-19.
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