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(57) ABSTRACT 

Power savings is provided to users of various electronic 
devices by monitoring the times and locations at which those 
users activate, deactivate, or otherwise change an operational 
state of one or more functional elements of a device. Other 
contextual or environmental information can be captured as 
well when the user performs such an action. One or more 
statistical analysis or prediction algorithms can be used to 
determine when and/or where the user is likely to repeat the 
one or more actions, where a confidence level of the predic­
tion can be impacted at least in part by the environmental and 
contextual factors. When a prediction has a minimum level of 
confidence, a corresponding action can be performed auto­
matically by the device when the relevant factors are met. 
Changes in behavior can be monitored such that the predic­
tions can be refined over time. 

25 Claims, 6 Drawing Sheets 
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STATISTICAL APPROACH TO POWER 
MANAGEMENT FOR ELECTRONIC 

DEVICES 

BACKGROUND 

People are utilizing portable electronic devices for an 
increasing number and variety of tasks. It is not uncommon 
for a user to have a personal media player, notebook com­
puter, cell phone, and electronic book reader, among other 
such devices. Further, the demands on these devices increase 
as the devices offer enhanced functionality. For example, a 
tablet computer or portable gaming platform might perform 
most, if not all, of the tasks performed by the devices above. 
Thus, the amount of resource and power consumption 
required by these devices tends to increase, along with the 
need for the devices to have sufficient power for a user to 
utilize the devices as necessary. 

In many instances a user will utilize certain functionality 
during certain times of day, such as using Bluetooth® while 
driving or WiFi while at home. If the user wants to conserve 
power on the device, the user might turn this functionality off 
when it is not needed. In many cases, however, the user will 
forget to turn the functionality off, which can lead to an 
unnecessary drain on power, as well as on aspects such as 
processing capacity and bandwidth. Further, even when the 
user remembers to turn the functionality off, the user might 
not enjoy having to continually turn certain functionality on 
and off each day. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments in accordance with the present dis­
closure will be described with reference to the drawings, in 
which: 

FIG. 1 illustrates front and back views of an example 
electronic device that can be used in accordance with various 
embodiments; 

FIG. 2 illustrates example components of an example elec­
tronic device that can be used in accordance with various 
embodiments; 

FIGS. 3(a), (b), and (c) illustrate an example displays for 
states of an electronic device that can be used in accordance 
with various embodiments; 

FIG. 4 illustrates an example situation wherein a device can 
determine a location based on proximity to another device or 
component in accordance with various embodiments; 

FIG. 5 illustrates an example display when a device detects 
an exception in accordance with various embodiments; 

FIG. 6 illustrates an example table of learned user behav­
iors that can be used in accordance with various embodi­
ments; 

FIG. 7 illustrates an example graph oflearned user behav­
iors that can be used in accordance with various embodi­
ments; 

FIG. 8 illustrates an example process for utilizing learned 
behavior to adjust device functionality that can be used in 
accordance with various embodiments; and 

FIG. 9 illustrates an environment in which various embodi­
ments can be implemented. 

DETAILED DESCRIPTION 

Systems and methods in accordance with various embodi­
ments of the present disclosure overcome one or more of the 
above-referenced and other deficiencies in conventional 
approaches to conserving power for an electronic device. In 

2 
particular, various embodiments utilize one or more learning 
models or algorithms to attempt to analyze user behavior 
patterns and predict when to activate, deactivate, or adjust an 
operational mode of at least one functional aspect of an elec-

5 tronic device. Various approaches analyze multiple param­
eters of information, such as may include time, location, and 
various environmental or contextual data when a particular 
functional aspect is activated, used, and/or deactivated, and 
attempt to determine probabilities of that component being 

10 activated, used, and/or deactivated at any given time. Based at 
least in part upon the determined probabilities, one or more 
functional aspects can be adjusted and/or power profiles 
executed automatically, without user intervention. As the user 
behavior changes, the probabilities will change and the times 

15 at which various power profiles are executed can be updated 
accordingly. The ability to automatically turn on and off 
functionality for the user helps to not only prevent the user 
from forgetting to activate or deactivate the functionality, but 
can also prevent the need to repeatedly go through the mul-

20 tiple steps necessary to adjust a functional setting of a device 
in many conventional interfaces. 

In at least some embodiments where a user has a learning or 
intelligent management mode activated, a new computing 
device can begin monitoring behavior of a user with respect to 

25 the device. For example, the device can monitor when a user 
activates or deactivates certain functionality, such as activat­
ing Bluetooth functionality to synchronize with an automo­
bile communication system while driving to work or WiFi 
functionality to access Web-based content while at home. The 

30 user might also in turn deactivate this functionality when 
leaving the respective environment. The device can also 
monitor other contextual information, such as the time of day 
or day of the week when the user performs that action. An 
application executing on (or in communication with) the 

35 computing device can attempt to perform statistical analysis 
on the collected data to attempt to predict user patterns with 
respect to various functionality of the device. When a particu­
lar action can be predicted with a minimum probability or 
level of confidence, for example, the device can begin to 

40 automatically adjust the functionality based on the predicted 
user behavior. User actions can be used to adjust the deter­
mined probability, as a user re-activating a functional mode 
can be indicative that the prediction was not accurate, etc. 

In at least some embodiments, a user can be prompted to 
45 confirm an action the first few times an action is to be taken, 

or when the prediction falls below a determined level of 
confidence. After a certain level of confidence is obtained, the 
action can be taken automatically and without notification as 
long as the prediction remains accurate with at least that level 

50 of confidence. If there is a variation or exception, such as 
where the user goes to an appointment or goes on vacation 
instead of following a particular routine, the device might 
prompt the user to confirm whether the action should still be 
taken. Various other notifications can be provided as well as 

55 appropriate. 
Further, additional information can be utilized as well 

within the scope of the various embodiments. For example, a 
computing device can analyze information in the user's 
schedule or calendar to attempt to predict user location or 

60 actions. The device might attempt to determine other people 
the user is with (as may be based on image recognition or 
device identifiers) to attempt to determine which power pro­
file to activate. Other information such as motion, velocity, 
current activity, and the like can be considered in other algo-

65 rithms. 
In some embodiments, an electronic device can also pre­

dict whether that device is likely to run out of power before a 
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next charging opportunity. For example, the device might be 
able to determine that the user is on the subway and will not 
be home for another 45 minutes, with the device having an 
estimated 30 minutes of power left at the current rate of power 
consumption. In such a situation, the device can be configured 
to, either automatically or upon user confirmation, adjust the 
functionality of the device in order to conserve power until 
such time as the device is able to be charged. 

Various other approaches can be used as well within the 
scope of the various embodiments as discussed and suggested 
elsewhere herein. 

FIG. 1 illustrates front and back views, respectively, of an 
example electronic user device 100 that can be used in accor­
dance with various embodiments. Although a portable com­
puting device ( e.g., an electronic book reader or tablet com­
puter) is shown, it should be understood that any electronic 
device capable of receiving and processing input, or at least 
capable of communicating and/or being charged, can be used 
in accordance with various embodiments discussed herein, 
where the devices can include, for example, desktop comput­
ers, notebook computers, personal data assistants, smart 
phones, video gaming consoles, television set top boxes, and 
portable media players. In this example, the user device 100 
has a display screen 102 on the front side, which under normal 
operation will display information to a user facing the display 
screen (e.g., on the same side of the computing device as the 
display screen). The computing device in this example 
includes at least one front image capture element 104 and at 
least one back image capture element 110 positioned on the 
device such that, with sufficient lenses and/or optics, the user 
device 100 is able to capture image information in substan­
tially any direction about the computing device. The example 
user device 100 also includes at least one microphone 106 or 
other audio capture device capable of capturing audio data, 
such as words spoken by a user of the device or sounds 
indicative of an environment in which the device can cur­
rently be found. 

4 
(LCD), although devices such as portable media players 
might convey information via other means, such as through 
audio speakers. As discussed, the device in many embodi­
ments will include at least one image capture element 208 

5 such as a camera or infrared sensor that is able to image a user, 
people, or objects in the vicinity of the device. It should be 
understood that image capture can be performed using a 
single image, multiple images, periodic imaging, continuous 
image capturing, image streaming, etc. Further, a device can 

10 include the ability to start and/or stop image capture, such as 
when receiving a command from a user, application, or other 
device. The device also can include one or more orientation 
and/or location determining elements 212, such as an accel­
erometer, gyroscope, electronic compass, or GPS device as 

15 discussed above. These elements can be in communication 
with the processor in order to provide the processor with 
positioning and/or orientation data. 

In some embodiments, the computing device 200 of FIG. 2 
can include one or more sideband or other such communica-

20 tion elements (not shown), such as a Wi-Fi, Bluetooth, RF, or 
another wireless communication system, enabling the user 
device to communicate with other devices or components, 
such as a charger or docking station. In some embodiments 
the device can include at least one additional input device able 

25 to receive conventional input from a user. This conventional 
input can include, for example, a push button, touch pad, 
touch screen, wheel, joystick, keyboard, mouse, keypad, or 
any other such device or element whereby a user can input a 
command to the device. In some embodiments, however, such 

30 a device might not include any buttons at all, and might be 
controlled only through a combination of visual and audio 
commands, such that a user can control the device without 
having to be in contact with the device. 

The example device 200 also includes a battery 214 or 
35 other appropriate power source. The power source can 

include, for example, at least one rechargeable battery, and 
can include other elements as well such as solar power cells or 
other such elements. The device also can include an intelli-The example user device 100 also includes at least one 

position and/or orientation determining element 108. Such an 
element can include, for example, an accelerometer or gyro- 40 

scope operable to detect an orientation and/or change in ori­
entation of the user device 100. An orientation determining 
element also can include an electronic or digital compass, 
which can indicate a direction ( e.g., north or south) in which 
the device is determined to be pointing ( e.g., with respect to a 45 

primary axis or other such aspect). A location determining 
element also can include or comprise a global positioning 
system (GPS) or similar positioning element operable to 
determine relative coordinates for a position of the computing 
device. Various embodiments can include one or more such 50 

elements in any appropriate combination. As should be 
understood, the algorithms or mechanisms used for determin­
ing relative position and/or orientation can depend at least in 
part upon the selection of elements available to the device. 

gent charging port or switch 218, in at least some embodi­
ments, which is controllable by the processor 202. The device 
might be plugged into an outlet or placed into a charging 
station, for example, but in at least some embodiments the 
charging switch 218 can control whether or not power is 
actually passed on to the battery for purposes of charging. For 
example, if the battery has almost no remaining charge then 
the switch might close in order to allow power to charge the 
battery, while in the case of a battery 214 that is nearly fully 
charged the charging switch 218 might open such that no 
charge passes to the battery at the current time. In some 
embodiments, the user can override such settings, whereby 
the device might always accept a charge or only accept a 
charge upon certain user settings, etc. An example device also 
can include at least one power management module or com­
ponent 216, which can be implemented in software and/or 
hardware in communication with, or executed by, at least one 
processor 202 of the device 200. In at least some embodi-

FIG. 2 illustrates a logical arrangement of a set of general 55 

components of an example computing device 200 such as the 
user device 100 described with respect to FIG. 1. In this 
example, the device includes a processor 202 for executing 
instructions that can be stored in a memory device or element 
204. As would be apparent to one of ordinary skill in the art, 60 

the device can include many types of memory, data storage, or 
non-transitory computer-readable storage media, such as a 
first data storage for program instructions for execution by the 
processor 202, a separate storage for images or data, a remov­
able memory for sharing information with other devices, etc. 65 

The device typically will include some type of display ele­
ment 206, such as a touch screen or liquid crystal display 

ments, the power management module 216 can monitor vari­
ous aspects of the device, and its usage by a user, to determine 
when to adjust a functional state of at least one component of 
the device. 

FIG. 3(a) illustrates an example state 300 of such a com­
puting device that can be utilized in accordance with various 
embodiments. As discussed, such a device can monitor infor­
mation about activities of a user with respect to the device, as 
well as environmental or contextual information associated 
with the device at the time of those activities. Such informa-
tion can be analyzed using one or more statistical analysis 
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approaches to attempt to determine how to adjust a power 
profile or mode of one or more components of the computing 
device. In this example, a user has brought up a settings 
interface on a display element of a computing device. The 
interface can include adjustable elements 308 enabling a user 5 

to manually adjust a functional state of one or more compo­
nents of the device. In this example, the user has the option of 
turning on or off a selection of capabilities, including Blue­
tooth connectivity, WiFi connectivity, and 4G wireless con­
nectivity. As is known for such functions, the functions can be 10 

useful at different times but can significantly drain battery 
power while active, such that it can be desirable to tum off at 
least some of these functions at certain times or locations. For 
example, a user might want to turn on Bluetooth when the 
user is driving an automobile so the user can utilize a wireless 15 

headset to place calls through the device, or run calls through 

If the user selects a "yes" or similar option, the device can tum 
off Bluetooth functionality. Such an approach can be benefi­
cial for the user, as even though the user must manually accept 
an option ( although the option might go away after a period of 
inactivity), the user is aware that Bluetooth has been turned 
off, and can select a single element to turn off Bluetooth 
without having to navigate through various screens or options 
to get to the appropriate setting. 

In at least some embodiments, as the determined probabil­
ity or level of confidence increases through, for example, the 
user confirming or repeating certain behavior, the device can 
begin to automatically adjust the functionality without first 
getting approval from the user. For example, FIG. 3(c) illus­
trates a state 340 of the device wherein the action can be 
predicted with a sufficient probability or confidence that the 
action can be performed automatically. In this example, the 
device determines that at the present time 342, weekday 344, 
and location 346 that the user will likely want to tum off 
Bluetooth, such that the device can perform the action auto-

a sound system of the vehicle. Similarly, a user want to turn 
off a 4G cellular connection when the user is in a meeting, in 
a movie theater, on a plane, etc., and might only utilize WiFi 
when at home or at a particular coffee shop. 

Approaches in accordance with various embodiments can 
monitor changes in any of these or other such functional 
settings by a user. For example, the user in this example might 
turn on Bluetooth when the user leaves for work in the morn­
ing on a weekday. When the user switches the setting, the 
device can attempt to determine any relevant contextual or 
environmental data, such as a time 302 at which the setting 
was changed, a date or day of the week 304 when the setting 
was changed, and a geographic location 306 where the device 
was when the setting was changed. The time and date can be 
determined from system data, for example, and the location 
can be determined using any appropriate location determina­
tion mechanism, such as a global positioning system (GPS) 
element, calendar data, image analysis, etc. This information 
can be used to attempt to predict when a user is like to repeat 
the determined action. 

The interface in FIG. 3(a) illustrates that at least some 
functions or components have a selectable element such as an 
"Intelligent Management" button. When a user selects intel­
ligent management or another such option for a component, 
the device can attempt to predict when the user will change a 
functional mode of that component, such as to tum the com­
ponent on or off, or enter the component into a low power 
mode. Initially, the device may have to collect several days 
worth of data to attempt to come to a consensus or at least 
predict a probability of an action with a minimum acceptable 
level of confidence. After about a week in some embodi­
ments, the device might be able to start predicting when a user 
will perform a certain action. 

For example, after a week an statistical analysis process 
might determine that the user turns on Bluetooth while near 
the user's home each weekday at around 8:25, give or take a 
window of plus or minus ten minutes. The process might also 
determine that the user turns off Bluetooth when the user 
arrives at work at around 8:55, give or take a window of plus 
or minus ten minutes. If the data points when analyzed sug­
gest a sufficiently high probability that the user will repeat the 
behavior on the next weekday, the device can take an appro­
priate action that can vary among the various embodiments. 
As illustrated in the example state 320 ofFIG. 3(b), the device 
can determine at a time within the window ( e.g., time 322 and 
weekday 324) that the user shuts offB!uetooth, that when the 
user arrives at work the user will likely turn off Bluetooth. 
Accordingly, the device can generate a prompt 328 for the 
user asking whether the user would like to tum offB!uetooth. 
There can be one or more options enabling the user to provide 
input as should be apparent in light of the present disclosure. 

20 matically and provide a notification 348 to the user that the 
action is being taken. In at least some embodiments, the user 
can select to tum off the reminders, close the notification, 
override the action and leave Bluetooth active, or perform 
another such option. The notification might disappear after a 

25 period of inactivity. Such actions might continue to be per­
formed automatically by the device as long as the action can 
be predicted with a certain minimum level of confidence or 
statistical probability. 

As discussed, various other environmental information 
30 might be used as well within the scope of the various embodi­

ments. For example, a user might occasionally sit in the user's 
car to finish making one or more personal calls before enter­
ing the workplace. Accordingly, the user might not want the 
device to tum off Bluetooth simply when the user pulls into 

35 the parking lot at work at the normal time. In some embodi­
ments, the device can look for additional information that can 
indicate more accurately when the user would like to perform 
the action. In the example situation 400 of FIG. 4, the user has 
gotten out of the user's car and entered a building at work. 

40 Upon entering the building, passing through security, or at 
another appropriate location, the device 402 can come within 
range of a certain device, such as a WiFi base station 404 or 
location tag 406, such as an RFID or NFC tag as known in the 
art. If the device can determine with a higher confidence that 

45 the user is more likely to tum off Bluetooth when the user is 
near one of these devices than simply arriving at work, the 
portable computing device can wait until one of these location 
devices is detected, and then can perform the action. In some 
embodiments, a brief notification 408 can be presented any 

50 time a change in state is made, just to notify the user of the 
change, etc. In at least some embodiments, the user can tum 
off these notifications as well. 

Such an approach can improve the user experience with the 
device, as the user will no longer have to manually activate 

55 and deactivate Bluetooth or other such functionality each 
weekday, but can obtain the power savings of having the 
functionality deactivated when not needed. Any appropriate 
functionality that is activated, deactivated, or placed in a 
specific state with relevant consistency that can be correlated 

60 with one or more environmental or contextual types of data 
can utilize such automated management in accordance with 
various embodiments. 

As another example, a computing device might be able to 
determine from calendar, GPS, or other such data that a user 

65 is at an airport. If the device can access calendar or reservation 
information to determine the time at which user's flight is to 
depart, the device can automatically turn off certain function-
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ality, such as 4G connectivity, that the user will not be able to 
use while on the plane. Further, the device can in some 
embodiments power itself off at an appropriate time before 
takeoff such that the user will comply with federal regula­
tions, etc. If the user activates the device while on the plane, 5 

the device can already be in an "airplane" mode. In some 
embodiments, the device can turn itself back on a period of 
time after takeoff if the device is able to determine altitude, 
receive a notification from the airplane, etc. In some embodi­
ments, the device can notify the user that the device is going 10 

to shut down in a period of minutes. If the device is able to 
obtain flight status information, the device can adjust this 
time based on an adjusted departure time of the flight. 

Such a management and power savings approach can be 
used with any appropriate component, element, or function 15 

whose state can affect the power consumption of the respec­
tive electronic device. For example, in addition to the con­
nectivity mechanisms discussed above, functions can be 
managed as may include user facial recognition, gesture 
input, voice control, audio or video recording, GPS function- 20 

ality, call ring tones, and the like. Any interface that allows a 
user to activate, deactivate, or change an operational mode of 
a function or element can be automated as well using such a 
process. Once the device learns the behavior with a minimum 
level of confidence, the device can take over performing the 25 

behavior. 

8 
there is no consensus as to particular times when the user 
typically activates or deactivates Bluetooth, such that there 
might be no data entered, or a value might be tracked indicat-
ing that the particular functionality should be left to manual 
control by the user. 

In order to determine one or more appropriate time periods 
to activate or deactivate certain functionality, enter a different 
power mode, or perform another such action, an application 
or service executing on, or associated with, a computing 
device can attempt to analyze the probability that the user will 
perform that action at any given time. FIG. 7 illustrates an 
example graph 700 of two probability curves, indicating a 
likelihood that the user will activate 702 or deactivate 704 a 
particular component or functionality (here, Bluetooth) at 
various points in time throughout a day. As a user repeats the 
behavior at certain times, the probability at those times will 
increase. By attempting to model or fit a curve to the data 
points, one or more windows of time can be determined when 
the user is likely to perform a certain action. For example, 
there might be at least one confidence level 706 set, such that 
any value over that confidence level can be determined to be 
included in a window for performing that action, as may 
depend at least in part upon other factors as discussed else­
where herein. For example, it can be seen that for each curve 
there are three windows of time when the user typically 
activates or deactivates Bluetooth on a typical weekday. 
These might correspond to, for example, when the user is 
driving to work, when the user is on a lunch break, and when 

In certain situations, at least one environmental or contex­
tual value might vary from the predicted behavior. For 
example, a user might have an appointment that causes the 
user to be later to work than usual, or might go on vacation, 
which causes the device to be in unexpected places at certain 
times when actions are normally taken. In some embodi­
ments, the device might not perform an action unless certain 
expected variable values are met, such as the user being in a 
particular place at a particular time. In other embodiments, 
the device might prompt the user as to whether the user still 
wants the action to be performed, even though the behavior 
deviates or presents an exception from normal behavior. For 
example, FIG. 5 illustrates an example device state 500 
wherein the device is determined to be in an unexpected 
location 502 at a time on a weekday when the user is typically 
at work. If the user has a calendar entry such as "on vacation" 
the device might decide not to prompt the user. If, however, 
the device does not have any context as to whether the user is 
working in a different location or will otherwise behave simi­
larly in that unexpected location, the device can generate a 
prompt 504 asking the user whether to perform the expected 
behavior. In this way, the user can provide a determination as 

30 the user is driving home. As can be seen, there can be different 
periods of time over which each curve is above the confidence 
level, corresponding to a window of time in which the respec­
tive action can be taken. For example, a window of time to 
activate Bluetooth in the morning may run from 7:45 to 8:07, 

35 and if the user meets at least one other criteria during that 
time, such as being at home or getting into a car, the device 
can determine it is appropriate to activate Bluetooth at that 
time. As discussed, these values can change dynamically over 
time, such that the length and timing of the windows might 

40 vary, the number of windows where the probability is above 
the confidence level can change, etc. As discussed, the behav­
ior data might be weighted or decayed as well, such that older 
data impacts the probabilities less than more recent data, 
enabling the confidence level to increase as the behavior 

45 changes. 

to whether the action should still be performed. Further, the 
device can determine, based at least in part upon the user 50 

response, whether information for the exception should be 
added to the behavior data or discarded as being irrelevant to 
typical behavior, etc. 

FIG. 6 illustrates one example 600 of a way in which 
predicted behavior can be tracked for a user based upon 55 

behavioral information. It should be understood that there can 
be many additional data values stored in any of a number of 
different ways, and that the displayed table is simplified for 
purposes of explanation. In this example, it can be seen that 
the user typically turns on Bluetooth over a similar range of 60 

times each weekday, when the user is still at home, and turns 
Bluetooth off over a similar range of times each weekday 
when getting to work. In this example, the information 
reflects that the user tends to leave a little later on Fridays, 
such that the range is a little different, although in other 65 

embodiments the values tracked might be the same across 
weekdays or weekends. In this example, it is also shown that 

FIG. 8 illustrates an example process 800 for determining 
when to automatically adjust a state of a functional compo­
nent of an electronic device that can be utilized in accordance 
with various embodiments. It should be understood that there 
can be additional, fewer, or alternative steps performed in 
similar or alternative orders, or in parallel, within the scope of 
the various embodiments. Further, while in this example the 
electronic device is performing much, if not all, of the analy­
sis, it should be understood that a remote system or service 
could be performing at least a portion of the analysis in other 
embodiments. In this example, a learning or training mode is 
activated on the electronic device 802. The mode can be 
activated automatically upon startup, triggered manually by 
the user for one or more components, or using any other such 
approach. When a request or action is taken to change an 
operational state of a functional component 804, for example, 
environmental and/or contextual data can be captured that is 
associated with a timing or location of the request or action 
806. For example, the location of the device, the day of the 
week, identifying information for the user, and other such 
information can be stored for the type of action or request. 
Further, anything that can be turned on or off, placed in a 
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different state, or otherwise modified by the user can poten­
tially be monitored within the scope of the various embodi­
ments. 

When at least a minimum number of data points has been 
obtained, one or more statistical analysis or probability mod­
eling approaches can be applied to attempt to determine one 
or more patterns in the user behavior with respect to that 
action that can be modeled with at least a minimum amount of 
probability or level of confidence 808. When at least one point 

10 
flagged behavior does not occur again for a period of time 
such as a week or two, the action might be dropped. In other 
embodiments, the decay values will cause the confidence to 
decrease over time such that an action that is not repeated for 

5 a period of time will be dropped due to the decreased prob­
ability. Other approaches to handling behaviors that no longer 
occur can be used as well within the scope of the various 
embodiments. 

or window of time for predicted behavior can be determined 10 

with at least the level of confidence 810, at least one flag, 
pointer, or other such setting or indicator can be generated 
indicating a set of one or more criteria that, when met, will 
cause at least one action to be taken with respect to a func­
tional component or aspect of the device 812. As discussed, 15 

this can include activating or deactivating a state of a wireless 
connection at a certain time and location, entering a particular 
power mode in response to engaging in a particular activity, 
etc. When one or more conditions are determined that match 
the indicator 814, the appropriate operational state can be 20 

activated 816. In at least some embodiments, another confi­
dence check can be made to ensure that the determined con­
ditions still meet a minimum confidence threshold or level of 
probability. Similarly, in some embodiments the user might 

In some embodiments, a user can select whether to tend 
towards availability or power savings. For example, ifthere is 
a ten minute window when a function should be activated, an 
availability-preferring user might want the function activated 
at the beginning of that window, while a power-saving user 
might want the function activated at the end of the window 
unless otherwise needed. Similarly, an availability-preferring 
user might want the function deactivated at the end of a 
window, while a power-saving user might want the function 
deactivated at the beginning of the window unless that func­
tion is currently in use. Other variations can be used as well 
for other types of users, devices, applications, or situations. 

In some embodiments, a device might adjust a functional 
mode of one or more components in a way that might not be 
obvious to the user. For example, if a user has not used a 
wireless data connection for a period of time, and is unlikely 

be prompted or notified before performing the action. Based 
on any response or action by the user accepting, denying, or 
reverting a determined action, additional data can be stored 
and analyzed for use in updating the probability information 
818. 

In some embodiments, a predicted action being rejected or 
reverted by the user can result in registering of a "false posi­
tive" indication for the action. In such a failure case, such as 
where the user quickly changes a component back to a prior 
state, the device can register that the action might not have 
been appropriate for at least one of the current conditions, and 
might attempt to determine a difference that should be asso­
ciated with the change in action, such as the user using a 
specific application, being with another user, etc. Information 
for any such occurrence can be stored to an exception table or 
other appropriate location in various embodiments. In some 
embodiments, a single "false positive" for a type of action 
over a given period of time might be interpreted as a one-time 
or infrequent variance, and may or may not be factored into 
the action determination. If two or more false positives are 
determined, for example, data such as a time when the user 
subsequently performs the action can be included with the 
behavioral data and used to adjust a timing of the predicted 
behavior. In some embodiments, such data might cause the 
window in which the action can be taken to broaden, as the 
confidence at any given time within that window may 
decrease. As the behavior again becomes more consistent, at 
the earlier time or a new time, the size of the window may 
decrease again, accordingly. The process effectively imple­
ments a feedback loop wherein the predicted behaviors can be 
adjusted based on determined affirmations or false positives 
on behalf of the user, device, etc. The feedback loop enables 
the predictions to be tuned or refined over time based on these 
or other changes in behavior. 

25 to use the data connection very often based upon past behav­
ior, the device might decide to deactivate the data connection 
for a current period of time. The device might, however, 
continue to display an icon indicating that the wireless data 
connection is active. The device in this particular power sav-

30 ing mode can monitor actions by the user, and if the user 
submits a data request or opens an application that relies upon 
a data connection (or performs another such action), the 
device can cause the data connection to be re-activated, etc. 
Similarly, a cellular connection might be placed in a low 

35 power mode, such as where the connection is checked less 
frequently, when the user is in a mode where the connection 
should be active, but has not used the connection for a mini­
mum period of inactivity. On the other hand, certain determi­
nations such as determining a user is traveling over 35 MPH 

40 ( as may be determined by an accelerometer or other such 
component) might cause Bluetooth to automatically be acti­
vate in at least a low-power mode, since the user is determined 
to be in some type of vehicle. If, as discussed, the user is 
traveling at over 300 MPH or is at an altitude of20,000 feet, 

45 Bluetooth might automatically be deactivated as the user can 
be determined with a high level of confidence to be in an 
airplane or other such mode of transportation. Various other 
such approaches can be used as well within the scope of the 
various embodiments, as may further conserve power while 

50 minimizing the impact on the user. 
Similarly, different components or functions might have 

different confidence thresholds established, whether by a 
user, a provider, or another such entity. For example, it might 
be relatively acceptable if a Bluetooth signal is turned off 

55 when it is not in use, and thus can have a relatively low 
confidence threshold, as the user would just have to turn 
Bluetooth back on in order to use a Bluetooth device with the 
computing device. On the other hand, turning off a cellular 

In a situation where the new time is sufficiently different 
from the old time for performing an action, and thus does not 60 

fall within a common time window according to a confidence 

connection might have a much higher confidence threshold as 
turning off a cellular signal can result in the user missing a 
business call, emergency call, or the like, which can be par-

or prediction curve, data for the old time might be marked or 
flagged as data to be watched, as the particular behavior might 
no longer be relevant. In such an instance, if the old action still 
is predicted with a minimum confidence value, the user might 65 

be prompted before performing the action until the confi­
dence level increases or the flag is otherwise removed. If a 

ticularly undesirable for many users. 
As mentioned, in at least some embodiments a decision to 

activate or deactivate a functional aspect of a device can be 
modified based at least in part upon an amount of power 
remaining on a battery of the device, or another determined 
aspect relating to the available power. For example, if the 
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device is determined to be unlikely to be charged before 
running out of power at a current rate of consumption, one or 
more components can be deactivated or put in a lower power 
state to attempt to conserve power. Decisions as to which 
components or functionality to adjust can be based at least in 
part upon factors such as user behavior, predicted actions, and 
a critical nature of specific components. Approaches for pre­
dicting battery life and adjusting functionality to conserve 
power are described, for example, in co-pending U.S. patent 
application Ser. No. 12/973,847, filed Dec. 20, 2010, entitled 
"Power Management for Electronic Devices," which is 
hereby incorporated herein by reference. 

As discussed, different approaches can be implemented in 
various environments in accordance with the described 
embodiments, such as to determine and/or obtain configura­
tion information for a device skin coupled with a computing 
device. As an example, FIG. 9 illustrates an example of an 
environment 900 for implementing aspects in accordance 
with various embodiments. As will be appreciated, although a 
Web-based environment is used for purposes of explanation, 
different environments may be used, as appropriate, to imple­
ment various embodiments. The system includes an elec­
tronic client device 902, which can include any appropriate 
device operable to send and receive requests, messages or 
information over an appropriate network 904 and convey 
information back to a user of the device. Examples of such 
client devices include personal computers, cell phones, hand­
held messaging devices, laptop computers, set-top boxes, 
personal data assistants, electronic book readers and the like. 
The network can include any appropriate network, including 
an intranet, the Internet, a cellular network, a local area net­
work or any other such network or combination thereof. Com­
ponents used for such a system can depend at least in part 
upon the type of network and/or environment selected. Pro­
tocols and components for communicating via such a net­
work are well known and will not be discussed herein in 
detail. Communication over the network can be enabled via 
wired or wireless connections and combinations thereof. In 
this example, the network includes the Internet, as the envi­
ronment includes a Web server 906 for receiving requests and 
serving content in response thereto, although for other net­
works, an alternative device serving a similar purpose could 
be used, as would be apparent to one of ordinary skill in the 
art. 

12 
the application server 908, can be handled by the Web server 
906. It should be understood that the Web and application 
servers are not required and are merely example components, 
as structured code discussed herein can be executed on any 

5 appropriate device or host machine as discussed elsewhere 
herein. 

The data store 910 can include several separate data tables, 
databases or other data storage mechanisms and media for 
storing data relating to a particular aspect. For example, the 

10 data store illustrated includes mechanisms for storing content 
(e.g., production data) 912 and user information 916, which 
can be used to serve content for the production side. The data 
store is also shown to include a mechanism for storing log or 
session data 914. It should be understood that there can be 

15 many other aspects that may need to be stored in the data 
store, such as page image information and access rights infor­
mation, which can be stored in any of the above listed mecha­
nisms as appropriate or in additional mechanisms in the data 
store 910. The data store 910 is operable, through logic asso-

20 ciated therewith, to receive instructions from the application 
server 908 and obtain, update or otherwise process data in 
response thereto. In one example, a user might submit a 
search request for a certain type of item. In this case, the data 
store might access the user information to verify the identity 

25 of the user and can access the catalog detail information to 
obtain information about items of that type. The information 
can then be returned to the user, such as in a results listing on 
a Web page that the user is able to view via a browser on the 
user device 902. Information for a particular item of interest 

30 can be viewed in a dedicated page or window of the browser. 
Each server typically will include an operating system that 

provides executable program instructions for the general 
administration and operation of that server and typically will 
include computer-readable medium storing instructions that, 

35 when executed by a processor of the server, allow the server 
to perform its intended functions. Suitable implementations 
for the operating system and general functionality of the 
servers are known or commercially available and are readily 
implemented by persons having ordinary skill in the art, par-

40 ticularly in light of the disclosure herein. 

The illustrative environment includes at least one applica- 45 

tion server 908 and a data store 910. It should be understood 

The environment in one embodiment is a distributed com­
puting environment utilizing several computer systems and 
components that are interconnected via communication links, 
using one or more computer networks or direct connections. 
However, it will be appreciated by those of ordinary skill in 
the art that such a system could operate equally well in a 

that there can be several application servers, layers or other 
elements, processes or components, which may be chained or 
otherwise configured, which can interact to perform tasks 
such as obtaining data from an appropriate data store. As used 
herein, the term "data store" refers to any device or combi­
nation of devices capable of storing, accessing and retrieving 
data, which may include any combination and number of data 
servers, databases, data storage devices and data storage 
media, in any standard, distributed or clustered environment. 
The application server 908 can include any appropriate hard­
ware and software for integrating with the data store 910 as 
needed to execute aspects of one or more applications for the 
client device and handling a majority of the data access and 
business logic for an application. The application server pro­
vides access control services in cooperation with the data 
store and is able to generate content such as text, graphics, 
audio and/or video to be transferred to the user, which may be 
served to the user by the Web server 906 in the form of HTML, 
XML or another appropriate structured language in this 
example. The handling of all requests and responses, as well 
as the delivery of content between the client device 902 and 

system having fewer or a greater number of components than 
are illustrated in FIG. 9. Thus, the depiction of the system 900 
in FIG. 9 should be taken as being illustrative in nature and not 

50 limiting to the scope of the disclosure. 
Various embodiments can be implemented in a wide vari­

ety of operating environments, which in some cases can 
include one or more user computers, computing devices, or 
processing devices which can be used to operate any of a 

55 number of applications.User or client devices can include any 
of a number of general purpose personal computers, such as 
desktop or laptop computers running a standard operating 
system, as well as cellular, wireless, and handheld devices 
running mobile software and capable of supporting a number 

60 of networking and messaging protocols. Such a system also 
can include a number of workstations running any of a variety 
of commercially-available operating systems and other 
known applications for purposes such as development and 
database management. These devices also can include other 

65 electronic devices, such as dummy terminals, thin-clients, 
gaming systems, and other devices capable of communicat­
ing via a network. 
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software applications, modules, services, or other elements 
located within at least one working memory device, including 
an operating system and application programs, such as a 
client application or Web browser. It should be appreciated 

Various aspects also can be implemented as part of at least 
one service or Web service, such as may be part of a service­
oriented architecture. Services such as Web services can com­
municate using any appropriate type of messaging, such as by 
using messages in extensible markup language (XML) for­
mat and exchanged using an appropriate protocol such as 
SOAP ( derived from the "Simple Object Access Protocol"). 
Processes provided or executed by such services can be writ­
ten in any appropriate language, such as the Web Services 
Description Language (WSDL). Using a language such as 
WSDL allows for functionality such as the automated gen­
eration of client-side code in various SOAP frameworks. 

5 that alternate embodiments may have numerous variations 
from that described above. For example, customized hard­
ware might also be used and/or particular elements might be 
implemented in hardware, software (including portable soft­
ware, such as applets), or both. Further, connection to other 

10 computing devices such as network input/ output devices may 
be employed. 

Most embodiments utilize at least one network that would Storage media and computer readable media for containing 
code, or portions of code, can include any appropriate media 

15 
known or used in the art, including storage media and com­
munication media, such as but not limited to volatile and 

be familiar to those skilled in the art for supporting commu­
nications using any of a variety of commercially-available 
protocols, such as TCP/IP, OSI, FTP, UPnP, NFS, CIFS, and 
AppleTalk. The network can be, for example, a local area 
network, a wide-area network, a virtual private network, the 
Internet, an intranet, an extranet, a public switched telephone 
network, an infrared network, a wireless network, and any 20 

combination thereof. 

non-volatile, removable and non-removable media imple­
mented in any method or technology for storage and/or trans­
mission of information such as computer readable instruc­
tions, data structures, program modules, or other data, 
including RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disk (DVD) 
or other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 

In embodiments utilizing a Web server, the Web server can 
run any of a variety of server or mid-tier applications, includ­
ing HTTP servers, FTP servers, CGI servers, data servers, 
Java servers, and business application servers. The server(s) 
also may be capable of executing programs or scripts in 
response requests from user devices, such as by executing one 
or more Web applications that may be implemented as one or 
more scripts or programs written in any programming lan­
guage, such as Java®, C, C# or C++, or any scripting lan­
guage, such as Perl, Python, or TCL, as well as combinations 
thereof. The server(s) may also include database servers, 
including without limitation those commercially available 
from Oracle®, Microsoft®, Sybase®, and IBM®. 

25 any other medium which can be used to store the desired 
information and which can be accessed by the a system 
device. Based on the disclosure and teachings provided 
herein, a person of ordinary skill in the art will appreciate 

30 

The environment can include a variety of data stores and 35 

other memory and storage media as discussed above. These 
can reside in a variety of locations, such as on a storage 
medium local to (and/or resident in) one or more of the 
computers or remote from any or all of the computers across 
the network. In a particular set of embodiments, the informa- 40 

ti on may reside in a storage-area network ("SAN") familiar to 
those skilled in the art. Similarly, any necessary files for 
performing the functions attributed to the computers, servers, 
or other network devices may be stored locally and/or 
remotely, as appropriate. Where a system includes comput- 45 

erized devices, each such device can include hardware ele­
ments that may be electrically coupled via a bus, the elements 
including, for example, at least one central processing unit 
(CPU), at least one input device (e.g., a mouse, keyboard, 
controller, touch screen, or keypad), and at least one output 50 

device (e.g., a display device, printer, or speaker). Such a 
system may also include one or more storage devices, such as 
disk drives, optical storage devices, and solid-state storage 
devices such as random access memory ("RAM") or read­
only memory ("ROM"), as well as removable media devices, 55 

memory cards, flash cards, etc. 
Such devices also can include a computer-readable storage 

media reader, a communications device ( e.g., a modem, a 
network card (wireless or wired), an infrared communication 
device, etc.), and working memory as described above. The 60 

computer-readable storage media reader can be connected 
with, or configured to receive, a computer-readable storage 
medium, representing remote, local, fixed, and/or removable 
storage devices as well as storage media for temporarily 
and/or more permanently containing, storing, transmitting, 65 

and retrieving computer-readable information. The system 
and various devices also typically will include a number of 

other ways and/or methods to implement the various embodi-
ments. 

The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. It 
will, however, be evident that various modifications and 
changes may be made thereunto without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. 

What is claimed is: 
1. A method of conserving power on an electronic device, 

comprising: 
detecting one or more instances when a user of the elec­

tronic device causes a respective adjustment ofan opera­
tional state of at least one functional component of the 
electronic device, the operational state affecting an 
amount of power consumption of the electronic device; 

for each of the one or more instances, storing data includ­
ing at least a time and a location of the electronic device 
when the respective adjustment was caused; 

predicting a pattern of behavior of the user with respect to 
an adjustment of the operational state of the at least one 
functional component using at least one statistical prob­
ability determination process with respect to the data; 

associating the pattern of behavior of the user with respect 
to the adjustment of the operational state of the at least 
one functional component with an approximate location 
and window of time at which the pattern of behavior is 
predicted to occur according to a determined statistical 
probability, the determined statistical probability being 
based at least in part upon a type of the at least one 
functional component; and 

in response to determining that the electronic device is at or 
near the approximate location and window of time at 
which the predicted pattern of behavior is predicted to 
occur according to the determined statistical probability, 
automatically causing the adjustment of the operational 
state of the at least one functional component. 
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2. The method of claim 1, further comprising: 
monitoring user action with respect to the adjustment of the 

operational state of the at least one functional compo­
nent after automatically causing the adjustment; and 

updating the determined statistical probability at which the 5 

16 
13. The method of claim 5, further comprising: 
enabling the user to override adjusting the at least one 

operational state of the computing device. 
14. The method of claim 5, further comprising: 
storing exception data when the user behavior deviates 

from the one or more patterns of user behavior. pattern of behavior is predicted to occur based at least in 
part upon the user action. 

3. The method of claim 1, wherein a timing of automati­
cally causing the adjustment of the operational state of the at 
least one functional component is further based at least in part 
upon a remaining amount of power on the electronic device. 

15. The method of claim 14, wherein a detection of mul­
tiple instances of the exception data is capable of triggering a 
reduction in the determined statistical probability associated 

10 with one of the patterns of user behavior. 

4. The method of claim 1, wherein predicting the pattern of 
behavior of the user with respect to the adjustment of the 
operational state of the at least one functional component is 
performed at least in part by sending a request to a system or 
service remote to the electronic device to analyze the data. 

16. The method of claim 14, wherein a detection of mul­
tiple instances of the exception data is capable of triggering an 
adjustment in a window size in which a user action is pre-

15 dieted to occur. 

5. A method of managing operational states on a computing 
device, comprising: 

monitoring actions of a user with respect to the computing 
device; 

storing contextual information for one or more instances 
when a user action changes at least one operational state 
of the computing device; 

20 

analyzing the contextual information to predict one or 
more patterns of user behavior with respect to changes in 25 

the at least one operational state of the computing 
device; 

for each pattern of user behavior predicted according to a 
determined statistical probability, determining one or 
more respective factors associated with the pattern of 30 

user behavior, the determined statistical probability 
being based at least in part upon a type of at least one 
functional component of the computing device; and 

in response to detecting the one or more factors associated 
with one of the patterns of user behavior, adjusting the at 35 

least one operational state of the computing device. 
6. The method of claim 5, wherein the contextual informa­

tion includes at least a time and location of the computing 
device when the user changes the at least one operational state 
of the computing device. 40 

17. The method of claim 5, further comprising: 
in response to a deviation in user behavior, discarding at 

least one of the patterns of user behavior if the user does 
not repeat an action within a minimum period of time. 

18. An electronic device, comprising: 
a device processor; 
at least one functional component; and 
device memory including instructions that, when executed 

by the processor, cause the electronic device to: 
monitor actions of a user with respect to the at least one 

functional component; 
store contextual information for one or more instances 

when a user changes an operational state of the at least 
one functional component; 

analyze the contextual information to predict one or 
more patterns of user behavior with respect to 
changes in the operational state of the at least one 
functional component; 

for each pattern of user behavior predicted according to 
a determined statistical probability, determine one or 
more respective factors associated with the pattern of 
user behavior, the determined statistical probability 
being based at least in part upon a type of the at least 
one functional component; and 

in response to detecting the one or more factors associ­
ated with one of the patterns of user behavior, adjust 
the operational state of the at least one functional 
component. 

7. The method of claim 5, wherein the contextual informa­
tion further includes at least one of calendar information, 
device state information, a speed or altitude of the device, an 
action of the user, a detected marker, captured audio or image 
information, day of the week, or nearby users. 

8. The method of claim 5, wherein the at least one opera­
tional state of the computing device includes at least one 
operational mode of the at least one functional component of 
the computing device. 

19. The electronic device of claim 18, wherein the instruc-
45 tions when executed further cause the electronic device to: 

apply a decay value to the contextual information, 
wherein recent user actions affect a determined pattern of 

behavior more than older user actions. 

9. The method of claim 5, wherein the at least one opera- 50 

tional state of the computing device includes at least one of a 
plurality of power schemes for the computing device. 

10. The method of claim 5, further comprising: 
prompting the user for confirmation before adjusting the at 

least one operational state of the computing device asso- 55 

ciated with the one of the patterns of user behavior when 
the determined statistical probability is below a deter­
mined level of confidence. 

11. The method of claim 5, further comprising: 
generating a notification when adjusting the at least one 60 

operational state of the computing device. 
12. The method of claim 5, further comprising: 

20. The electronic device of claim 18, wherein the at least 
one functional component includes at least one of a wireless 
connection element, a data connection element, a display 
device, an audio or video recording device, or an input ele­
ment. 

21. The electronic device of claim 18, wherein the contex­
tual information is aggregated for statistical analysis based on 
whether the one or more instances when the user changes the 
operational state occurs on a weekday or a weekend. 

22. The electronic device of claim 18, wherein the contex­
tual information includes at least one of a detected wireless 
signal, detected RFID information, detected near field com­
munications (NFC) information, a recognized image or 
object, a recognized sound, or a nearby device. 

monitoring second actions of the user with respect to the 
computing device after adjusting the at least one opera-
tional state of the computing device; and 

23. A non-transitory computer-readable storage medium 
including instructions that, when executed by a processor of a 

65 computing device, cause the computing device to: 
updating the one or more patterns of user behavior based at 

least in part upon the monitored second actions. 
monitor actions of a user with respect to at least one func­

tional component of the computing device; 
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store contextual information for one or more instances 
when a user changes an operational state of the at least 
one functional component; 

analyze the contextual information to predict one or more 
patterns of user behavior with respect to changes in the 5 

operational state of the at least one functional compo­
nent; 

for each pattern of user behavior predicted according to 
determined statistical probability, determine one or 
more respective factors associated with the pattern of 10 

user behavior, the determined statistical probability 
being based at least in part upon a type of the at least one 
functional component; and 

in response to detecting the one or more factors associated 
with one of the patterns of user behavior, adjust the 15 

operational state of the at least one functional compo­
nent. 

24. The non-transitory computer-readable storage medium 
of claim 23, wherein the instructions when executed further 
cause the computing device to: 20 

enable the user to select which of the at least one functional 
component is able to be automatically adjusted by the 
computing device. 

25. The non-transitory computer-readable storage medium 
of claim 23, wherein the instructions when executed further 25 

cause the computing device to: 
monitor second actions of the user with respect to the at 

least one functional component after adjusting the 
operational state of the at least one functional compo-
nent; and 30 

update the one or more patterns of user behavior based at 
least in part upon the monitored second actions. 

* * * * * 
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