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(57) Abstract: A supervisory control system provides power management in an
electronic device by providing timeout periods for a hardware component to low-
er levels of the operating system such as a power management arbitrator and/or
a hardware interface controller. The timeout periods are chosen based on usage
patterns detected on the electronic device and based on user preference informa-
tion. The power management arbitrator and/or hardware interface controller tran-
sition at least a portion of a hardware component to a lower-power state based
on monitored activity information of the hardware component. The supervisory
control system may further provide wakeup periods to the power management
arbitrator and/or a hardware interface controller to determine whether the hard-
ware component should be transitioned to a higher power state at the end of the
wakeup period if the hardware component satisfies a transition condition.
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USAGE PATTERN BASED SUPERVISORY CONTROL OF POWER
MANAGEMENT

BACKGROUND

[0001] Power consumption management of the various system hardware
components in a computing device, such as network adapters, display interfaces,
input/output devices, cameras, etc., becomes more challenging as more computing devices
become mobile and depend on battery power as a primary power source. Various modules
in an operating system (OS) contribute to the management of power, such as deciding when
a hardware component may transition to a low power mode. Applications and OS modules,
however, can block system hardware components from going to low power. For example,
some computing systems rely on applications to register their use of a system device when
the device is needed by the application and release the device when the application no longer
needs to use the device. This arrangement can block the hardware component from
transitioning to low power mode, even for a brief period, when the device is not in use
because applications often do not reliably register and release their requests to use the
hardware component. Often the device could have transitioned to a lower power state, thus
drawing less power from the battery than if the device had not transitioned to a low power
state.

SUMMARY

[0002] The described technology provides usage pattern based supervisory control
of power management in a computing device to determine when a system hardware
component should transition to a low power state. An adaptive power management method
includes receiving operational information of one or more applications executing on the
electronic device, the one or more applications interacting with a hardware component of
the electronic device, determining a usage pattern of the hardware component by the one or
more applications based on the received operational information, setting a timeout period
associated with the hardware component of the electronic device based on the determined
usage pattern, the timeout period defining a minimum amount of time before a power state
of the hardware component is permitted to be transitioned from a higher-power state to a
lower-power state.

[0003] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not
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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.

[0004] Other implementations are also described and recited herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates an example environment for usage pattern based
supervisory control of power management of a device with a power usage plot.

[0006] FIG. 2 illustrates an example environment for usage pattern based
supervisory control of power management on a device.

[0007] FIG. 3 illustrates an example usage pattern module in an environment for
usage pattern based supervisory control of power management.

[0008] FIG. 4 is a graphical user interface environment with a graphical user
interface dialog window on a device with usage pattern based supervisory control of power
management.

[0009] FIG. 5 is a graphical user interface control panel environment with a
graphical user interface dialog window on a device with usage pattern based supervisory
control of power management.

[0010] FIG. 6 illustrates a flow diagram showing example operations for providing
usage pattern based supervisory control of power management to a device.

[0011] FIG. 7 is a plot of example power usage of a hardware component and a
signal diagram illustrating interaction between the components of a device in an
environment of usage pattern based supervisory control of power management.

[0012] FIG. 8 is a plot of example power usage of a hardware component and a
signal diagram illustrating interaction between the components of a device in an
environment of usage pattern based supervisory control of power management.

[0013] FIG. 9 is a plot of example power usage of a hardware component and a
signal diagram illustrating interaction between the components of a device in an
environment of usage pattern based supervisory control of power management.

[0014] FIG. 10 illustrates plots of example power status of an application, hardware
device, and network traffic of a device under supervisory control with usage pattern based
control of power management of a device.

[0015] FIG. 11 illustrates an example processing system for use in supervisory

control with usage pattern based control of power management.
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DETAILED DESCRIPTIONS

[0016] Under a system of usage pattern based supervisory control of power
management, a usage pattern module performs functions including collecting information
about the use of a hardware component (e.g., a network adapter, video adapter, input/output
device, etc.) on an electronic device, identifying and classifying usage patterns associated
with the electronic device and its hardware components, and setting power management
parameters. The electronic device includes a power management supervisory controller
and/or power management arbitrator to determine power management parameters (e.g.,
timeout periods, wakeup periods, power state transition targets, power consumption targets,
etc.) based on usage patterns in the collected information. The power management arbitrator
transitions a hardware component of the electronic device to a low power mode (or lower-
power mode) according to the power management parameters after all applications have
relinquished use of the system hardware component for the duration of a timeout period
(e.g., transmitting or receiving network communications, displaying video, audio output,
etc.) even if some applications are still registered to use the hardware component. By
analyzing usage pattern information, including information expressed via user preferences,
the usage pattern module is able to identify inefficient power management practices and/or
areas of diminished user experience on the electronic device. The usage pattern module can
improve power management by adjusting the power management parameters based on
heuristics and/or user power management preferences.

[0017] Usage pattern based supervisory control improves power consumption and
battery performance of an electronic device by transitioning hardware components to lower-
power states more frequently than if the electronic device relied on applications to de-
register their use of the hardware components. Usage pattern based supervisory control
further improves power consumption and battery performance by transitioning hardware
components to lower-power states using a lower-level of the OS on the electronic device,
thereby reducing latency between power state transition decisions and the actual power
transitions. Usage pattern based supervisory control takes into account user preferences such
that transitions of hardware components to lower-power states is less likely to impair the
user experience.

[0018] This disclosure describes the system and methods for effective supervisory
power management on various system hardware components based on usage pattern
detection. A result of the described technology is a refinement in power consumption by

automating the reduction of system hardware component power consumption states during
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those periods when the system hardware component is not needed (e.g., transitioning a
network adapter to a low power or lower-power state when network traffic is not actually
flowing), even if only for a very brief period of time without relying on applications
executing on the device to release their use of the hardware component by notifying the
operation system.

[0019] Various examples are described below with respect to the figures. These
examples are merely exemplary, and implementations of the present disclosure are not
limited to the examples described below and illustrated in the figures.

[0020] FIG. 1 illustrates an example environment 100 for usage pattern based
supervisory control of power management of a device 102 with a power usage plot 104. The
device 102 is an electronic device with an OS and one or more system hardware components
(not shown) that are capable of transitioning between one or more high power modes and
low power modes. In at least some implementations, the one or more system hardware
components of device 102 are capable of multiple power modes, including intermediate
power modes between a high-power mode and a low power mode. For example, a system
hardware component may have one or more on-board processors for that may be turned off
in a low power mode, limited to a speed below full capacity in an intermediate power mode,
and allowed to run at full speed in a high-power mode. As used herein, “power mode” and
“power state” refer to the energy consumption of a system hardware component relative to
the maximum amount of power the system hardware component is capable of consuming.
Power states may be referred to as “higher power” and/or “lower power” states to indicate
that a power state is higher or lower than another power state without necessarily implying
that the power state is the highest or lowest power state that the system hardware component
is capable of. Other implementations may include additional power modes to provide finer
control over supervisory power management.

[0021] Device 102 includes a usage pattern module, a power management
supervisory controller, and a power management arbitrator. The usage pattern module
collects information regarding the use of hardware components on the electronic device 102
by one or more applications executing on the device 102 to identify and classify usage
patterns based thereon. In an implementation, a usage pattern includes the use of an
application or group of applications used in a pattern by a user. As one example of a usage
pattern, a user may edit a locally stored document in a word processing application while
listening to music on a streaming music application. Under this scenario, a hardware

component (e.g., the network adapter) performs little to no network communication on
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behalf of the word processing application but receives network data to stream the next song
on a playlist when the prior song starts playing. Such a usage pattern is characterized by
bursts of network traffic punctuated by periods of network idle while playing a song but
before the next song needs to be buffered. Accordingly, there are opportunities for the
network adapter to enter a low-power (or lower-power) mode in the periods between
streaming songs. The usage pattern module is configured to identify these opportunities
when the user is in the word processing application and the music streaming application at
the same time, and the usage profile of the hardware component (e.g., the network adapter)
matches the corresponding network traffic profile.

[0022] When the usage pattern module has determined a current usage pattern, it
communicates the determined pattern to a power management supervisory controller and/or
power management arbitrator. In an implementation, the power management supervisory
controller is associated with a higher level of the OS on the device 102, and the power
management arbitrator is associated with a lower level of the OS on the device 102. The
power management arbitrator may transition system hardware components between various
power modes by controlling a hardware sublayer, a hardware driver, and/or a component of
the data link layer of the OS associated with the hardware system device. In an
implementation, the power management arbitrator need not communicate with the power
management supervisory controller or other components of the OS on electronic device 102
to effect power state transitions of system hardware components.

[0023] The OS of device 102 manages the applications in the system that utilize
system services, including, for example, network services, video display, audio output, etc.
Network adapters will be a focus of the description herein, but the supervisory power
management features described may apply to any other system hardware components as
well. Hence, the OS is aware whether the network will be needed by monitoring applications
and OS modules that depend on the network adapter. This management represents a
supervisory state that the OS of device 102 can apply to individual network adapters, based
on the need for each rather than relying on registration of application for the network
adapters. As applications begin and end execution, the OS tracks the hardware component’s
overall network need, which network devices (or media) are needed, and the load status of
the network devices. The OS of device 102 informs a component such as a low-level OS
arbitrator, an NDIS API, and/or a miniport driver whether the network is needed by the

applications. If the network is not needed, the network adapter is transitioned to low power.
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[0024] When the OS of device 102 indicates that the network is needed by
applications or services, the OS still does not know the actual network demand. The system
applications and operating modules calling for network usage, therefore, benefit from a
separation of higher-level components of the OS of device 102 from the low-level OS
components such as the network adapter, arbitrator, etc. Accordingly, network adapter
power management can be controlled at the lowest possible layer in the network stack. If
the upper-level OS indicates that network services are not needed, the network adapter can
be transitioned to low power. However, when the OS indicates that applications or services
do require the network, it is still possible, or even likely, that there are periods where the
network is not actually needed because applications often register with the OS for control
of a system hardware component even if it is not needed for periods of time by the
application. During these periods of network inactivity, the network adapter can be
transitioned to low power. Usually, these periods of inactivity are quite short, often several
such periods per second. The sum of these inactive periods is typically larger than the
periods of actual network use. Transitioning to low power for these periods saves a
significant portion of power the network adapter would otherwise be using.

[0025] Decoupling the management of network power state and actual network
adapter power state is controllable from both a system-wide and per-device basis. In devices
that respond poorly to idle detection power transitions of system hardware components, a
system-wide override will mitigate poor idle detections. Similarly, individual device
manufacturers may deem it risky to allow the duty cycle of power transitions to negatively
impact their devices. Other reasons also exist for not wanting a particular device to respond
to idle detection power transitions.

[0026] Determining whether a system hardware component of device 102 is idle
may be done per one or more algorithms that can be used separately or in various
combinations. In one implementation, a fixed or variable timeout period may be used to
determine whether a system hardware component is idle. In the example of a network
device, the trigger to transition to a low power state is when the network is idle for a timeout
period. Typically, the length of the timeout period is dependent on the latency of the network
adapter startup and the power consumed during transitions versus steady state operation.
For example, a system hardware component with a shorter startup time that consumes
relatively little power when transitioning between a low power and a high-power state
compared to remaining in a high-power state may weigh in favor of a shorter timeout period

to avoid leaving the system hardware component in a high power state when it is not needed.
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[0027] As used herein, an inactivity condition may refer to a level of activity of a
hardware component that is zero, near-zero, or below a threshold level of activity. For
example, a network adapter may satisfy an inactivity condition if it transmits or receives no
packets to or from a host during a time period even if the network adapter is performing
other functions such as running a timeout and/or wakeup timer, “listening” for certain types
of packets, and/or communicating with a host. In some implementations, a network adapter
may send or receive packets on behalf of a host during a timeout period and still satisfy the
inactivity condition if the number and/or type of packets are below a threshold value.

[0028] As used herein, a transition condition may depend on a timeout period and
the activity of a hardware component during that period. For example, a transition condition
may be satisfied if an inactivity condition is satisfied during a timeout period. In some
implementations, a transition condition may be satisfied if a hardware component satisfies
an inactivity condition during a timeout period and there are no applications that have
indicated a need to use the hardware component in a time period after the timeout period.
In another implementation, a transition condition may be satisfied if a hardware component
doesn’t satisfy an inactivity condition during a timeout period but user preferences indicate
an aggressive power saving preference wherein a hardware component should be deemed
to have satisfied the transition condition if the hardware component’s activity during the
timeout period is below a predetermined level or if the hardware component’s activity is of
a certain type during the timeout period. In another implementation, a transition condition
is satisfied when there is no monitored activity information during the timeout period, and
the hardware component is idle at the end of the timeout period. In another implementation,
a transition condition is satisfied when the hardware component has a maximum amount of
activity during the timeout period. Other elements of the transition condition may also be
used.

[0029] In another implementation, a fixed or variable wakeup period may be used
to determine whether a system hardware component of device 102 that has been in a low-
power state may be transitioned to a high-power state or to re-check whether operating
conditions have changed sufficiently to justify a transition to a high power state. The length
of the wakeup period may be dependent on the latency of the network adapter startup and
the power consumed during transition of the system hardware component compared to
steady state operation. For example, a system hardware component with a longer startup

time that consumes significantly more power when transitioning between a low power and
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high power state compared to remaining in a high power state may weigh in favor of a longer
wakeup period to avoid excessively waking the device.

[0030] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component of device 102 (e.g., a network adapter) to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from a low power state to a high-power state
may be determined by the class/type of applications running on the device. For example, a
video streaming application that burst short portions of network traffic may be optimized
for different timeout periods and wakeup periods than an audio application that downloads
one song at a time and then remains idle until the next song downloads. In at least one
implementation, a low-level arbitrator may determine the relevant time periods without
resort to high-levels of the operating system.

[0031] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component of device 102 (e.g., a network adapter) to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from low power to a high-power state may be
determined based on the durations of recent periods, in the case of a network adapter, of
network transmission compared to periods of network idle. If a set of recent periods of
network transmission are cached, then a weighted algorithm or a decaying value algorithm
may be used to determine the length of upcoming expected periods of network transmission
for which the system hardware component (e.g., the network adapter) should be in a high-
power state.

[0032] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component (e.g., a network adapter) of device 102 to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from low power to a high-power state may be
determined based on an available battery state. As such, the length of the timeout and/or
wakeup periods may become more aggressive as the remaining battery power declines. The
aggressiveness of the lengths of the timeout period and wakeup period is limited by the
baseline power consumed by transitions.

[0033] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component (e.g., a network adapter) of device 102 to a low
power state when the network is idle and/or the length of the wakeup period to trigger the

transition of the system hardware component from low power to a high-power state may be
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determined based on feedback from a system hardware component. In the case of a network
adapter, the responsiveness of the network adapter to transitions between low power and
high power states and the power consumer by the network adapter in transitioning between
those states may be communicated through the network driver to the OS to determine an
optimal length of time for the timeout period and/or the wakeup period.

[0034] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component (e.g., a network adapter) of device 102 to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from low power to a high-power state may be
determined based on user input. An OS may allow the user to input information to the OS
regarding the nature of the length of the timeout period to be used. If the available battery
power of the device reaches a threshold, the OS may present a user interface to the user to
collect a “hint” from the user regarding the user’s power management preferences. For
example, if a user wishes for a system hardware component to have good performance, the
user may select a less aggressive timeout and/or wakeup period to preserve performance at
the cost of remaining battery life. On the other hand, a user may select a more aggressive
timeout and/or wakeup period if the user wishes to maximize battery life at the cost of
performance due to more frequent transitions between high and low power states of a system
hardware component.

[0035] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component (e.g., a network adapter) of device 102 to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from low power to a high-power state may be
determined based on the input of an arbiter. The power management arbitrator is a low-level
OS module that determines the contribution and effect of the various available algorithms
for determining the length of the timeout and/or wakeup periods.

[0036] In another implementation, the length of the timeout period to trigger the
transition of a system hardware component (e.g., a network adapter) of device 102 to a low
power state when the network is idle and/or the length of the wakeup period to trigger the
transition of the system hardware component from low power to a high-power state may be
determined based on application type usage and/or the state of the application. If an
application has registered with the OS to use the system hardware component, then the
timeout period may be set based on the expected needs of the application with respect to the

system hardware component. For example, if a multi-player online game application has
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registered with the OS to use the network adapter, then a longer timeout period may be set
because network latency in an online gaming application is likely to degrade the user
experience due to lag between the user and other players in the game. If the state of the
online gaming application changes, however, then a longer timeout period may be more
appropriate. For example, if the user becomes inactive in the game and appears to be taking
a break from play, then the lag issue is not as important as when the player was actively
engaged, and a longer timeout period may be acceptable. Other examples of application type
and application state affecting the timeout and/or wakeup period include a video application
that is displaying video at a requested frame rate to the user. If the video application is
playing the video, it may be assumed that the user is watching the video and the video
adapter should not be transitioned to a low power state. On the other hand, if the user pauses
the video and/or selects the windows of other applications executing on the device (e.g., the
video application window is partially or completely obscured by other windows), then a
shorter timeout period may be appropriate. In an implementation, the video adapter has
multiple intermediate power modes such that the video adapter may be transitioned into an
intermediate power state to support video applications that do not demand a high frame rate.

[0037] Implementations of the present application include a network power module,
which may be part of a power management arbitrator, integrated within an operating system
of device 102, which controls the use of networking hardware during various power states
of a device. Applications register with the network power module. The network power
module accesses a policy store to determine a priority of the application. The application’s
priority may be static or configurable. The network power module also determines a power
state of the device, which may be defined in various ways without departing from the scope
of implementations. The network power module—based on power state, application
priority, or other factors such as remaining battery power, application state, device user
interface (UI) state—enables the network communication hardware to be powered up to
receive and transmit data.

[0038] In some implementations, the network power module sets a timer in certain
power states — such as in high power states. The timer establishes a timeout period, which
may be adaptable, during which the device and/or the network communication hardware
remains powered up, and traffic may be sent. After the timeout timer expires, the device
and/or the network communication hardware revert into a low power state. The arrival of
additional high-priority traffic may cause a currently running timer to increase remaining

time or to be reset, to give more time for the traffic to be transmitted. Low-priority traffic
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may be transmitted or received during the timer period. Low-priority traffic may be queued
for transmission until the communication hardware is activated. In some implementations,
lower-priority traffic may cause the network power module to activate the network
communications hardware if a threshold amount of lower-priority traffic queues for
transmission. The timeout period may be adjustable based on application operational
requirements, upper-level OS operational requirements, hardware component activity, and
other factors.

[0039] In some implementations, the network power module sets a timer in certain
power states—such as in low power states. The timer establishes a wakeup period, which
may be adaptable, during which the device and/or the network communication hardware
remains in a low power state. After the wakeup timer expires, the device and/or the network
communication hardware revert into a high power state or re-evaluated operational
information and hardware device activity to determine whether to transition to a high power
state, to adjust a timeout period or to adjust the wakeup period. It should be understood that
detected hardware device activity or high-priority demand (e.g., by an application or OS
module) may trigger a transition to a high power state independent of the state of the wakeup
period time. The wakeup period may be adjustable based on application operational
requirements, upper-level OS operational requirements, hardware component activity, and
other factors.

[0040] Plot 104 illustrates an overall power usage level of the device 102 during
various phases of operation. The y-axis of plot 104 indicates overall power usage level of
the device 102 and the x-axis of plot 104 indicates time. Point 106 illustrates a period of
time during which the device 102 is consuming a higher level of power. Point 108 illustrates
a period of time during which the device 102 is consuming a low level of power due to the
transitioning of one or more system hardware components to a low power mode, such as,
for example, after the expiration of a timeout period. Point 110 illustrates a return to higher
level of power consumption by device 102, such as, for example, at the end of a wakeup
period of one or more system hardware components. Point 112 illustrates a medium level
of power consumption by device 102, such as when one or more system hardware
components have been transitioned to a low power mode, but not as many system hardware
components as were transitioned at point 108. Alternatively, point 112 may illustrate a
power consumption level represented by one or more system hardware components in an
intermediate power state that is between a high power state and a low power state. Point 114

illustrates a return to a lower level of power consumption by device 102, such as when a
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user has indicated a preference for longer battery time over performance, and an arbitrator
has transitioned one or more system hardware components into low power states. Point 116
illustrates an increase in power consumption by device 102, such as when a wakeup period
has concluded and one or more system hardware components transition into higher power
modes.

[0041] FIG. 2 illustrates an example environment 200 for usage pattern based
supervisory control of power management on a device 202. The device 202 includes an OS
203 and a variety of applications 204 executing thereon. The applications 204 may include
components of the OS as well as other executable applications. Some of the applications
204 seek to use resources provided by a hardware component 214 that is part of the device
202. Requests from the applications 204 to use hardware component 214 are managed by a
power management supervisory controller 206. In an implementation, the power
management supervisory controller is a part of the OS. If there are no pending requests to
use hardware component 214 from the applications 204, then the power management
supervisory controller 206 can direct the hardware component 214 to transition to a low
power state. A command to transition the hardware component 214 may be communicated
from the power management supervisory controller 206 to the hardware component via one
or more intermediate levels. In an implementation, the intermediate levels include a power
management arbitrator 208, a hardware sublayer 210, and a hardware driver 212. The
hardware sublayer and hardware driver may be referred to herein as the hardware interface
controller 211, which may include a combination of hardware and software components.

[0042] The device 202 includes a usage pattern module 216. The usage pattern
module 216 is in communication with the power management supervisory controller, the
applications 204, a data store 207, and the various hardware components of the device 202.
The usage pattern module 216 collects operational information from the applications 204
regarding use of the hardware components by the applications 204. The usage pattern
module 216 may store historical data relating to usage patterns in the data store 207 for later
retrieval and analysis. Upon determining a current usage pattern of a hardware component
of the one or more applications 204, the usage pattern module 216 may communicate the
current usage pattern to the power management supervisory controller 206 such that the
power management supervisory controller 206 may determine power management
parameters (e.g., timeout periods, wakeup periods, target number of transitions from higher-
power to lower-power states of a hardware component, target power consumption of a

hardware component, etc.). Alternatively, or additionally, the usage pattern module 216 may
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itself determine or recommend power management parameters to the power management
supervisory controller 206 based on the determined usage patterns.

[0043] The usage pattern module 216 may collect user preference information from
a user of the device 202. In an implementation, the usage pattern module 216 causes the OS
203 to present a graphical user interface to a user of the device 202 to collect the user
preference information. In another implementation, the user of the device 202 may express
power management preference information via a control panel of the OS 203. Power
management preference information collected from the user of the device 202 includes
information relating to the performance of hardware components of the device 202. For
example, if power management parameters cause a video adapter of the device 202 to enter
a lower-power mode in which the frame rate of the video adapter falls from 60 frames per
second to 30 frames per second when a video game application is executing on the device
202, the user of the device 202 may become dissatistied with the performance of the video
adapter. The user of the device 202 may accordingly express user preference information
that the user does not wish the video adapter of the device to enter a power state that would
cause the frame rate of the video adapter to perform at a reduced rate when the video game
application is executing on the device 202. In another implementation, the usage pattern
module 216 may present a graphical user interface to a user based on the satisfaction of a
power consumption condition. One example of a power consumption condition is the
current battery power level of the device 202. If the current battery power level of the device
202 decreases past a threshold, for example, 20% of full battery power, then the usage
pattern module 216 may present a graphical user interface to a user of the device 202 to
request the user’s preference whether a hardware component of the device 202 should
transition to a lower-power mode. In another implementation, the graphical user interface
presented to the user of the device 202 may display the effect on performance of the
hardware component if the hardware component is transitioned to the lower-power mode.

[0044] If there are pending requests from the applications 204 to use the hardware
component 214, then the power management supervisory controller may not be aware of
the true demand for the hardware component 214 because applications 204 may register
with the power management supervisory controller 206 to use the hardware component 214
without necessarily using the hardware component 214 or may only use the hardware
component sporadically or with a usage pattern that leaves the hardware component 214
idle for periods of time. Accordingly, the power management supervisory controller 206

may delegate power management decisions to a lower level of the OS (e.g., the power
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management arbitrator 208). The power management arbitrator 208 monitors the load on
the hardware component 214 and the applications 204 that are using the hardware
component 214. The power management arbitrator 208 may independently transition the
hardware component 214 to a low power state (or an intermediate lower power state) for
periods of time during which the hardware component 214 would not have been transitioned
to a low power state if the transitioning decision had been based on registrations of
applications 204 to use the hardware component 214.

[0045] In at least one implementation, the power management supervisory
controller is in communication with a data store 207. The data store 207 contains a variety
of information regarding timeout periods that are available for use by the power
management supervisory controller 206, which may be implemented by the power
management supervisory controller 206 directly or delegated to the power management
arbitrator 208 or other lower levels of the OS 203. The data store 207 may include tables of
timeout periods with timeout periods associated with particular applications 204. In one
implementation, the power management supervisory controller 206 selects a timeout period
from a plurality of timeout periods in data store 207 to pass to the power management
arbitrator 208. For example, the power management supervisory controller 206 may select
the longest timeout period from a set of timeout periods corresponding to the applications
204 running on OS 203 as the timeout period the power management arbitrator 208 should
use for a hardware component 214. In at least one implementation, the power management
supervisory controller 206 queries one or more applications 204 for preferred timeout
periods associated with the hardware component 214 and stores the preferred timeout
periods associated with the hardware component 214 in the data store 207.

[0046] In an implementation, the power management arbitrator 208 sets a timeout
period for the hardware component 214. If there is no activity on the hardware component
214 during the timeout period, then the power management arbitrator 208 causes the
hardware component 214 to transition to a low power (or lower power) mode. The length
of the timeout period for hardware component 214 may be chosen according to the
algorithms disclosed herein. Control of the power state of the hardware component 214 and
setting the timeout period of the hardware component 214 (and other hardware components
that are part of the device 202) may be on a per device basis, a per application or application
type basis, on a battery status basis, on a user preference basis, on a device feedback basis,
on a recent history basis, etc. The power management supervisory controller 206 may

further set a wakeup period for the hardware component 214 according to the algorithms
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disclosed herein. Control of the power state of the hardware component 214 and setting the
wakeup period of the hardware component 214 (and other hardware components that are
part of the device 202) may also be on a per device basis, a per application or application
type basis, on a battery status basis, on a user preference basis, on a device feedback basis,
on a recent history basis, etc.

[0047] In at least one implementation, the power management arbitrator 208 causes
the hardware component 214 to transition between power modes by communicating with a
hardware sublayer 210 and/or a hardware driver 212. In the case where the hardware
component 214 is a network adapter, the hardware sublayer 210 may include an NDIS API
and the hardware driver 212, referred to herein as a miniport driver. Other hardware
sublayers 210 and hardware drivers 212 may be appropriate for other types of hardware
components 214. In an implementation, the power management arbitrator may set a timer
in one of the lower levels (e.g., the hardware sublayer 210 and/or the hardware driver 212)
to manage transitioning the hardware component 214 to a low power mode such that the
hardware sublayer 210 and/or the hardware driver 212 will transition the hardware
component 214 to the low power mode without action by the power management arbitrator
208, the power management supervisory controller 206, or other parts of the OS 203.

[0048] In at least one implementation, the power management supervisory
controller 206 communicates with a policy store that stores priority information for one or
more applications executing on OS 203. The priority information in the priority store may
be static or configurable. Where configurable, the priority of an application may be
configured by a user (such as during or after install), by a group policy, or by another
mechanism. Some applications may have a statically assigned priority. Based on the
application priority in the priority store and the power state of the device 202, the power
management supervisory controller 206 may set timeout and wakeup periods, responsive to
the requests or attempts from the applications executing on OS 203 to use the hardware
component 214.

[0049] FIG. 3 illustrates an example usage pattern module 302 in an environment
300 for usage pattern based supervisory control of power management. The usage pattern
module 302 is part of an electronic device equipped with supervisory control of power
management including, for example, a supervisory power management controller, a power
management arbitrator, a data store 207, etc. The device including the usage pattern module
302 further includes an OS and one or more system hardware components (not shown) that

are capable of transitioning between one or more high power modes and low power modes.
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[0050] The usage pattern module 302 is communicatively coupled to a supervisory
controller, a data store 308, and/or other components of the electronic device operating
under usage pattern based supervisory control of power management. The usage pattern
module 302 includes components that perform a variety of functions. One of the components
of the usage pattern module 302 is the operational information receiver 304. The operational
information receiver 304 receives operational information from the applications executing
on the OS of the electronic device regarding their use or requested use of a hardware
component on the electronic device. The operational information received by the
operational information receiver 304 may include different types of information describing
the state and usage history of system hardware components on the electronic device. For
example, without limitation, the received operational information may include a length of
time that a particular application has requested use of a hardware component, the number
of times an application has requested use of a hardware component, the amount of power an
application’s use of a hardware component has consumed, whether the needs of an
application’s use of a hardware component may be satisfied in a higher-power state
compared to a lower-power state, whether the hardware component would have been able
to satisfy some or all of the application’s requests to use the hardware component if it had
been in a higher-power state or a lower-power state at the time of the request to use the
hardware component, etc.

[0051] One of the components of the usage pattern module 302 is the usage pattern
module 316. The usage pattern module 316 is configured to determine a plurality of
potential usage patterns of the electronic device. In an example where the system hardware
component is a network adapter, the usage pattern module 316 may determine a plurality of
usage patterns associated with the network adapter. For example, without limitation, the
electronic device may include a network adapter that is capable of multiple power
consumption states, and, based on the collected activity information, appears to be in a state
of use wherein the operational information received by the operation information receiver
304 indicates that one or more applications executing on the electronic device request shorts
bursts of network traffic punctuated by longer periods of network inactivity such as when a
user is creating a document in a word processor application while listening to music on a
streaming music application. In this scenario, the word processor may request little to no
use of the network adapter while the streaming music application requests short bursts of
network activity to download and queue the next song in a playlist punctuated by periods of

time during which the network adapter is not needed by the applications. This usage scenario
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could be determined to be a potential usage pattern by the usage pattern module 318 based
on analysis of the received operational information and stored in the data store 308 or it
could be determined to be a potential usage pattern by developers who have identified and
programmed the usage pattern module 316 to recognize such a pattern in the received
operational information.

[0052] Another example of a potential usage pattern determined by the usage pattern
module 316 is when a user is executing a video game application. It may be important to
the user to maintain a high frame rate of the application while playing, such as 60 frames
per second. While the user is playing the game, the video adapter on the electronic device
may be in a high-power mode to support the high frame rate. When the user pauses the game
application or enters an idle state after stepping away from the keyboard, the video game
application may still be executing, but without the need to support a high frame rate. In this
scenario, the video adapter may be transitioned to a lower-power state until the user returns.
The usage pattern module may identify this usage pattern when operational information that
indicates the video game user has entered an idle state.

[0053] Another example of a potential usage pattern determined by the usage pattern
module 316 is when a user is streaming video content and is not actively using any other
applications. In this scenario, the application streaming video content, which may be a web
browser, may download the content in discrete segments with each segment representing
data for a portion of the video. The application streaming the content may, therefore, request
network communications from the network adapter while each video segment is being
downloaded with gaps of idle or low network usage in between. Many other usage patterns
are also possible based on any type of hardware component and any type of usage, either
envisioned by developers of the aggregated power management arbitrator.

[0054] Another component of the usage pattern module 302 is the user preference
information collector 306. In implementations, user preference information may be relied
upon in part to perform usage pattern based supervisory control of power management on
the electronic device. In one implementation, the user preference information collector 306
may collect user preference information from a user of the device. In an implementation,
the user preference information collector 306 causes the OS of the device to present a
graphical user interface to a user of the device to collect the user preference information. In
another implementation, the user of the device may express power management preference

information via a control panel of the OS of the device.
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[0055] Another component of the usage pattern module 302 is the usage pattern
classifier 318. The usage pattern classifier 318 is in communication with, among other
components of the usage pattern module 302, the operational information receiver 304 and
the data store 308. The usage pattern classifier 318 is configured to analyze received
operation information and classify a current usage pattern of the electronic device as one of
the usage patterns determined by the usage pattern module 316. In an implementation,
determined usage patterns are associated with power management parameters applied when
the electronic device satisfies the usage pattern such as timeout periods, wakeup periods, a
target number of transitions from a higher-power state to a lower-power state, a target
maximum power consumption by a hardware component, etc. In an implementation, the
usage pattern classifier communicates a classified current usage pattern and associated
power management parameters to the other components of the usage pattern module 302.

[0056] Power management preference information collected from the user of the
device may include information relating to the performance of hardware components of the
device. For example, if power management parameters cause a video adapter of the device
to enter a lower-power mode in which the frame rate of the video adapter falls from 60
frames per second to 30 frames per second when a video game application is executing on
the device, the user of the device may become dissatisfied with the performance of the video
adapter. The user of the device may accordingly express user preference information that
the user does not wish the video adapter of the device to enter a power state that would cause
the frame rate of the video adapter to perform at a reduced rate when the video game
application is executing on the device. In another implementation, the user preference
information collector may present a graphical user interface to a user based on the
satisfaction of a power consumption condition. One example of a power consumption
condition is the current battery power level of the device. If the current battery power level
of the device decreases past a threshold, for example, 20% of full battery power, then the
user preference information collector 306 may present a graphical user interface to a user of
the device to request the user’s preference whether a hardware component of the device
should transition to a lower-power mode. In another implementation, the graphical user
interface presented to the user of the device may display the effect on performance of the
hardware component if the hardware component is transitioned to the lower-power mode.

[0057] Another component of the usage pattern module 302 is the historical
information recorder 310. The historical information recorder 310 stores operational

information received by the operational information receiver 304 in the data store 308.
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Information stored by the historical information recorder in the data store 308 may be used
by other components of the usage pattern module 302 to determine usage patterns of the
electronic device and to classify a current usage of the electronic device as satisfying on of
the determined usage patterns. The historical information recorder 310 may also store
activity information from one or more hardware components of the electronic device in the
data store 308 including, without limitation, hardware, software, and/or firmware versions
of the hardware components, the number of processing cycles used by applications on the
electronic device, etc.

[0058] Another component of the usage pattern module 302 is the historical
information comparator 312. The historical information comparator 312 is in
communication with the data store 308 and the other components of the usage pattern
classifier. The historical information comparator 312 compares the current operational
information of applications executing on the electronic device and activity information of
hardware components on the electronic device to historical operational information and
historical activity information of hardware components of the electronic device. If there is
a discrepancy between current operational information and/or activity information and
historical operational information and/or activity information, the historical information
comparator 312 may alert other components of the usage pattern module 302 of the
possibility of a malfunction of a hardware component, a change in the configuration of a
hardware component, or other scenarios that might have caused the hardware component to
behave less efficiently or differently than the hardware component had performed in prior
time periods when the electronic device was operating in the same usage pattern as the
current usage pattern.

[0059] The timeout/wakeup period adjuster is a component of the usage pattern
module 302 that is in communication with the other components of the usage pattern
module 302. The timeout/wakeup period adjuster 314 is configured to adjust (or set) a
timeout period based on information received from the other components of the usage
pattern module 302. If the usage pattern module 316 determines that the electronic device
satisfies a usage pattern with which a timeout period has been associated with a hardware
component of the electronic device, then the timeout/wakeup period adjuster 314 may alter
that timeout period based on information received from the user preference information
collector 306. For example, if the electronic device satisfies a usage pattern wherein the user
is viewing streaming video in a streaming video application, the usage pattern module 316

may have associated the usage pattern with a timeout period that would cause the device’s
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network adapter to transition into a lower-power mode wherein the network adapter
consumes less power but is capable of streaming video at a rate supportive of 2K video but
not 4K video. If the user preference information collector 306 has collected user preference
information indicating that a user wishes the video to remain in 4K quality, then the
timeout/wakeup period adjuster 314 may increase the timeout period associated with the
aforementioned streaming video usage pattern such that the video quality remains at 4K.

[0060] The timeout/wakeup period adjuster 314 may adjust timeout periods
associated with usage patterns in other ways as well. If the historical information comparator
communicates that the current power usage profile of a hardware component associated with
the electronic device is consuming more power than the device has historically consumed
in that usage profile, the timeout/wakeup period may increase the timeout period for the
hardware component to attempt to return the device to a power consumption state more
consistent with prior power consumption in the usage pattern.

[0061] The timeout/wakeup period adjuster 314 may also perform other functions.
In one implementation, the timeout/wakeup period adjuster 314 selects heuristic test values
for timeout and/or wakeup periods (e.g., power savings parameters) for a hardware
component associated with a determined usage pattern on the electronic device. After
operating for a test period of time under the heuristic test values, the historical information
recorder 310 stores operational information regarding the one or more applications
executing on the electronic device during the test period of time and stores activity
information regarding the hardware component during the period of time. The
timeout/wakeup period adjuster may then compare the power efficiency of the hardware
component during the test period of time to the power efficiency of the hardware component
when using other power savings parameters.

[0062] As one example of heuristic power savings parameters, a heuristic test
timeout period that is shorter than a previously applied timeout period may cause a hardware
component to transition into a lower-power state more frequently and consume less energy
under a determined usage pattern than under a previously applied timeout period under the
same usage pattern. Depending on other information, such as whether the user preference
information collector 306 identifies user preference information indicating that the user does
not wish the hardware component to transition more frequently to the lower-power state
under the determined usage pattern, the timeout/wakeup period adjuster 314 may conclude
that the heuristic test timeout period is a better choice for a timeout period under the

determined usage pattern than the timeout period that the electronic device had previously
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applied under that usage pattern. The timeout/wakeup period adjuster 314 may then
substitute the heuristic test timeout period value for the previously applied timeout period
value for the hardware component when the electronic device satisfies the determined usage
pattern.

[0063] FIG. 4 is a graphical user interface environment 400 with a graphical user
interface 402 including a dialog window on a device with usage pattern based supervisory
control of power management. In an implementation, a user preference information
collector causes the OS of the device to present the graphical user interface 402 to a user of
the device to collect user preference information. In an implementation, the GUI interface
402 is presented to a user of an electronic device when a transition from a higher-power
state of a hardware component to a lower-power state of the hardware component is likely
to alter the user’s experience. Information regarding the impact of the transition of the
hardware component from the higher-power state to the lower-power state is reflected in the
text box 404. In one example, the detected usage pattern of the electronic device is one
wherein a user is streaming high-quality video. Receipt of the data representing the video in
a high-quality format (e.g., 4K video) may require higher power consumption by the
electronic device’s network adapter. Transitioning the network adapter to a lower-power
state may preclude processing of the data required to maintain high-quality video streaming.
Instead, the electronic device could stream the video in a lower-quality format (e.g., 2K
video) if the hardware component has been transitioned into the lower-power state.

[0064] The user of the electronic device may be asked by the GUI interface 402 to
indicate the user’s preference as to whether the hardware component should transition into
the lower-power state via choice buttons 406. If the user indicates a preference via choice
buttons 406 not to transition the hardware component to a lower-power mode, the hardware
component may be maintained in the current power mode or transitioned to an intermediate
power mode. If the user indicates a preference via choice buttons 406 to transition to a lower-
power mode, then the hardware component may be transitioned to the lower-power mode.
Aspects of the OS on the electronic device may override a user’s preference regarding the
power management of a hardware component in certain situations. For example, if the
battery power level of electronic device is critically low, the OS may enforce a transition of
a hardware component or components to a lower-power mode despite a user’s preference to
the contrary. Alternatively, or additionally, other low level OS components that track the

overall power usage of the electronic device may override a user’s power management
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preferences if the low-level OS component determines that the electronic device should save
more energy.

[0065] In at least one implementation, the GUI interface 402 is shown to the user of
the electronic device when the electronic device satisfies a power consumption condition,
such as when the battery of the electronic device is at or below a power savings value (e.g.,
when the battery of the electronic device is at or below 20% of full capacity). Information
regarding the power savings value that triggered the display of the GUI interface 402 may
be displayed in the text box 404.

[0066] FIG. 5 is a graphical user interface control panel environment 500 with a
graphical user interface dialog window 502 on a device with usage pattern based supervisory
control of power management. The GUI interface 502 may be part of an OS executing on
the electronic device or another application executing on the electronic device configured
to manage user preferences on power management of the electronic device. In one
implementation, the GUI interface 502 includes sections relating to one or more of the
various hardware components included on the electronic device, such as, for example, a
video adapter section 504, a network adapter section 514 and peripherals section 522.

[0067] Under the power management sections 504, 514, and 522, there are three
power management user preference panels pertaining to power management of a hardware
component under a determined usage pattern. Each power management user preference
panel has a selectable button 506. The user may indicate a user preference with respect to
each of the power management user preference panels by selecting or unselecting the button
506. Other types of GUI interfaces may be used to collect user preference information from
a user of the electronic device including without limitation radio buttons, check boxes,
picklists, text fields, etc.

[0068] The power management section 504 relates to the video adapter of the
electronic device. Under the power management section 504, there are three power
management preference panels 508, 510, and 512, each with potential usage patterns of the
video adapter and potential changes to the power mode status video adapter that the
supervisory controller on the electronic device could make to improve power efficiency of
the video adapter. The usage pattern preference panels 508, 510, and 512 are exemplary
usage patterns, and various other usage patterns are also contemplated. The power
management preference panels may be based on historical usage patterns encountered by

the electronic device in the past, may be determined in advance of any use of the device
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based on common or expected usage patterns, and/or may be based on the types of hardware
components or applications installed on the electronic device.

[0069] The power management user preference panel 508 states a user preference
not to transition the video adapter to a lower-power mode while a video game application is
executing in a full-screen mode. When the supervisory controller and/or power management
arbitrator on the electronic device transition a video adapter to a lower-power mode, it may
cause oscillators on the video adapter to slow or stop, thus negatively impacting the
performance of the video adapter. One type of negative performance impact is to lower the
FPS (frames per second) of the video adapter. If a gaming enthusiast user prefers a higher
FPS when playing full-screen games, the user may prioritize frame rate over battery
performance. Such a user could select the button 506 to express that preference and instruct
the power management arbitrator not to make a power mode transition of the video adapter
that would cause a degradation of the FPS experienced on the video game application.

[0070] The power management user preference panel 510 states a user preference
to transition the video adapter to a lower-power mode while a video game application is
executing in full-screen mode if the user is AFK (away from keyboard). Although the
gaming enthusiast may prefer a high FPS over battery performance, that preference may
only apply to a usage pattern wherein the gaming enthusiast user is actually playing the
game. If the user goes AFK, then the user may no longer prioritize FPS over battery power.
The user may express this preference by selecting the button 506 corresponding to the power
management user preference panel 510.

[0071] The power management user preference panel 512 states a user preference
to transition the video adapter to a lower-power mode when the battery charge level is at
20% or below. The power management user preference panel 512 includes a power savings
condition wherein the user may depart from the user’s normal power management
preferences to preserve battery life of the electronic device. Although the user may generally
prefer good FPS performance to battery performance, this preference may only apply if the
electronic device is not in danger of completely depleting the battery. The user may express
this preference by selecting the button 506 corresponding to the power management user
preference panel 512.

[0072] The power management section 514 relates to the network adapter hardware
component on the electronic device. The power management section 514 includes power
management user preference panels 516, 518, and 520 expressing potential power

management user preferences relating to potential usage patterns of the network adapter on
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the electronic device. Power management usage panel 516 states a user preference not to
transition the network adapter to a lower-power state when executing an application
streaming video in a full-screen mode. The power management user preference panel 516
includes a potential impact of the power mode transition on the user experience (e.g., that
the video quality of the streaming video could decrease from 4K to 2K). The user may
indicate this power management preference by selecting the button 506 corresponding with
the user power management preference panel 516.

[0073] The power management preference panel 518 states a power management
preference to transition the network adapter to a lower-power state only if the transition
causes no break in playback of a streaming music application. In this potential usage pattern,
a streaming music application sequentially streams and queues songs in a music playlist. In
between streaming songs, there may be periods of no network activity while the current
song in the playlist finishes playing but before the next song begins to download. During
this break in network activity, the power management arbitrator could set a power
management parameters (e.g., timeout period and/or a wakeup period) that cause the
network adapter to be in a low or lower-power mode when it is time to download the next
song in the playlist. If these power management parameters cause a break in song playback,
it could degrade the user experience. A user may express the preference for playback not to
be so interrupted by selecting the button 506 corresponding to the power management user
preference panel 518.

[0074] The power management preference panel 520 states a power management
preference to transition the network adapter to a low-power mode if the battery charge level
of the electronic device is at or below 20%. The power management user preference panel
520 includes a power savings condition wherein the user may depart from the user’s normal
power management preferences to preserve battery life of the electronic device. Although
the user may generally prefer uninterrupted music streaming to battery performance, this
preference may only apply if the electronic device is not in danger of completely depleting
the battery. The user may express this preference by selecting the button 506 corresponding
to the power management user preference panel 520.

[0075] The power management section 522 relates to peripherals of the electronic
device. In power management preference panel 524, a power management preference is
stated to transition a keyboard to a lower-power state if the battery charge level of the
electronic device is at or below 20%. Transitioning a keyboard to a lower-power state may

involve dimming or turning off lighting on the keyboard such as backlit keys, disabling
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communications on the keyboard such as a Bluetooth antenna, and/or reducing power
consumption by disabling other features of the keyboard. The power management user
preference panel 524 includes a power savings condition wherein the user may depart from
the user’s normal power management preferences to preserve battery life of the electronic
device. Although the user may generally prefer uninterrupted music streaming to battery
performance, this preference may only apply if the electronic device is not in danger of
completely depleting the battery. The user may express this preference by selecting the
button 506 corresponding to the power management user preference panel 524.

[0076] FIG. 6 illustrates a flow diagram showing an example operations 600 for
providing usage pattern based supervisory control of power management to a device. A
receiving operation 602 receives operational information of one or more applications
executing on the electronic device. The operational information may include a variety of
information relating to an application’s use of a hardware component including without
limitation the number of requests by the application for the hardware component to perform
a function (e.g., send or receive data, display a frame on a monitor of the electronic device,
provide input/output capabilities to the application, etc.), a length of time the one or more
applications have registered with an OS of the electronic device to use the hardware
component, the amount of time the one or more applications actually used the hardware
component, etc.

[0077] A determining operation 604 determines a usage pattern of the hardware
component by the one or more applications based on the operational information received
in receiving operation 602. The determining operation 604 may determine the usage pattern
in a variety of ways. In one implementation, the determining operation 604 determines the
usage pattern based on a plurality of usage patterns in a data store on the electronic device,
each usage pattern describing a type of use of the hardware component. In another
implementation, the determining operation 604 determines a usage pattern of the electronic
device based on historical activity information and historical operational information based
on past use of the electronic device by the user. The determining operation 604 may select
from a plurality of usage patterns identified by developers of various parts of the electronic
device such as publishers of an OS executing on the electronic device, publishers of the one
or more applications executing on the electronic device, manufacturers of a hardware
component on the electronic device, OEM manufacturers of the electronic device, etc.

[0078] A setting operation 606 sets a timeout period associated with the hardware

component of the electronic device based on the usage pattern determined in the determining
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operation 604, the timeout period defining a minimum amount of time before a power state
of the hardware component is permitted to be transitioned from a higher-power state to a
lower-power state. The setting operation 606 may be performed by a supervisory control
component of the electronic device such as a power management arbitrator. The setting
operation 606 may include selecting a timeout period from a data store locally on the
electronic device or located on a remote system that corresponds to the usage pattern
determined in the determining operation 604. In another implementation, the setting
operation 606 may be based on user preference information collected from a user of the
electronic device. In yet another implementation, the setting operation 606 may be based on
a heuristic test value selected by a supervisory power management component on the
electronic device designed to test power management parameters for empirical evidence
suggesting that a heuristic test value for a timeout period under a usage pattern is better than
another timeout period value under the usage pattern. In yet another implantation, the setting
operation may rely on a remote system to supply a timeout period value to the power
management arbitrator based on information collected from other electronic devices that
exhibit similar hardware component configurations and/or usage patterns to the electronic
device.

[0079] FIG. 7 is a plot of example power usage of a hardware component 716 and
a signal diagram illustrating interaction between the components of a device under a
supervisory control of power management environment 700. The plot includes a line 702
indicating whether the hardware component 716 is in a high-power mode or a low power
mode. In other implementations, the hardware component 716 has more than two power
modes. The two power modes of the hardware component 716 used herein are exemplary.
The x-axis of the plot indicates time, and the time markers To-T4 are on the same scale as
the communications shown in the signal diagram below the plot.

[0080] At a time To, an application 710 executing on the computing device
communicates a request to use the hardware component 716 to the OS of the device. The
request to use hardware component 716 is received in communication 718 by the power
management supervisory controller 712. Shortly after time To, the power management
supervisory controller 712 informs the arbitrator 714 of information regarding the request
from application 710 to use hardware component 716 in communication 720.

[0081] Communication 720 may include a variety of information regarding
application 710 and the request to use hardware component 716 such as application 710’s

type, information regarding power management user preferences, historical power
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management information regarding the device and/or application 710, current battery status,
etc. Communication 720 may also include a timeout period for hardware component 716.
In another implementation, communication 720 does not include a timeout period for
hardware component 716.

[0082] At time Ti, the timeout period 704 for hardware component 716 begins. In
an implementation, during the timeout period 704, the arbitrator 714 monitors usage of the
hardware component 716 at operation 722. If the hardware component 716 is not used
during the timeout period 704, then the arbitrator 714 transitions the hardware component
716 into a low power mode at time T2 via communication 724. A time shortly after time T2
indicated by the arrow 705, the hardware component 716 is in a low power mode as
indicated by line 702.

[0083] Transitioning the hardware component 716 to a low power mode at time T2
is an improvement over other methods of power management that rely on application 710
to de-register its use of hardware component 716. The additional savings of supervisory
power management in the form of an earlier transition of hardware component 716 is shown
on the plot as area 706. Dashed line 708 indicates what the power status of hardware
component 716 would have been if the device had relied on the application 710 to announce
its relinquishment of the hardware component 716 instead of using the methods of
supervisory power management disclosed herein.

[0084] In an implementation, the hardware component 716 may “listen” for an event
that can trigger the hardware component 716 to transition to a different power mode. For
example, if the hardware component 716 is a network adapter, the network adapter may
scan only the headers of network packets for an indication that the hardware component 716
should wake up even though the hardware component 716 is in a low power mode. Such a
packet may be referred to as a “wake packet” received in communication 726. Upon receipt
of the wake packet in communication 726, the hardware component 716 informs the
arbitrator 714 in communication 728 at time T3. In an implementation, the arbitrator may
itself transition the hardware component 716 into a higher power state in communication
730 at time T4 without relaying the hardware component 716’s receipt of the wake packet
to higher levels of the OS, e.g., the power management supervisory controller 712, the
application 710, or other parts of the OS. Upon receipt of communication 730 from the
arbitrator 714 at time T, the hardware component 716 transitions to a higher power mode

and communicates network traffic to the application 710 in communication 732.
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[0085] FIG. 8 is a plot of example power usage of a hardware component 816 and a
signal diagram illustrating interaction between the components of a device under a
supervisory control of power management environment 800. The plot includes a line 802
indicating whether the hardware component 816 is in a high-power mode or a low power
mode. In other implementations, the hardware component 816 has more than two power
modes. The two power modes of the hardware component 816 used herein are exemplary.
The x-axis of the plot indicates time, and the time markers To-T3 are on the same scale as
the communications shown in the signal diagram below the plot.

[0086] At a time To, an application 810 executing on the computing device
communicates a request to use the hardware component 816 to the OS of the device. The
request to use hardware component 816 is received in communication 818 by the power
management supervisory controller 812. Shortly after time To, the power management
supervisory controller 812 informs the arbitrator 814 of information regarding the request
from application 810 to use the hardware component 816 in communication 820.

[0087] Communication 820 may include a variety of information regarding
application 810 and the request to use hardware component 816 such as application 810’s
type, information regarding power management user preferences, historical power
management information regarding the device and/or application 810, current battery status,
etc. Communication 820 may also include a timeout period for hardware component 816.
In another implementation, communication 820 does not include a timeout period for
hardware component 816.

[0088] At time Ti, the timeout period 804 for hardware component 816 begins. In
an implementation, during the timeout period 804, the arbitrator 814 monitors usage of the
hardware component 816 at operation 822. If the hardware component 816 is not used
during the timeout period 804, then the power management arbitrator transitions the
hardware component 816 into a low power mode at time T2 via communication 824. A time
shortly after time T2indicated by arrow 805, the hardware component 816 is in a low power
mode as indicated by line 802.

[0089] After the hardware component 816 has been transitioned to a low power
mode at time Tz, the arbitrator 814 sets a wakeup period 806 for the hardware component
816 represented by area 806 on the plot. The wakeup period 806 ends at time T3 and
arbitrator 814 sends a wakeup signal to hardware component 816 in communication 826. In
one implementation, communication 826 transitions the hardware component 816 from the

low power mode to a high-power mode as indicated by line 802. In another implementation,
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communication 826 simply transitions hardware component 816 into an intermediate power
mode (not shown on the plot) wherein the hardware component 816 checks to see whether
there is a pending request from application 810, any other applications, the OS, or other
components of the computing device to use the hardware component 816. If there is such a
request, then hardware component 816 may remain in the high-power mode as shown by
line 802 in the plot. If there is not such a request, then hardware component 816 may return
to the low power mode. If the hardware component 816 remains in the high-power mode, it
may communicate with application 810 at communication 828.

[0090] FIG. 9 is a plot of example power usage of a hardware component 916 and a
signal diagram illustrating interaction between the components of a device under a
supervisory control of power management environment 900. The plot includes a line 902
indicating whether the hardware component 916 is in a high-power mode or a low power
mode. In other implementations, the hardware component 916 has more than two power
modes. The two power modes of the hardware component 916 used herein are exemplary.
The x-axis of the plot indicates time, and the time markers To-T4 are on the same scale as
the communications shown in the signal diagram below the plot.

[0091] At a time To, an application 910 executing on the computing device
communicates a request to use the hardware component 916 to the OS of the device. The
request to use hardware component 916 is received in communication 918 by the power
management supervisory controller 912. Shortly after time To, the power management
supervisory controller 912 informs the arbitrator 914 of information regarding the request
from application 910 to use hardware component 916 in communication 920.

[0092] Communication 920 may include a variety of information regarding
application 910 and the request to use hardware component 916 such as application 910’s
type, information regarding power management user preferences, historical power
management information regarding the device and/or application 910, current battery status,
etc. Communication 920 may also include a timeout period for hardware component 916.
In another implementation, communication 920 does not include a timeout period for
hardware component 916.

[0093] At time T, a first timeout period 904 for hardware component 916 begins.
In an implementation, during the first timeout period 904, the arbitrator 914 monitors usage
of the hardware component 916 at operation 922. During operation 922, the hardware
component 916 becomes active at time T2 and notifies the arbitrator 914 of the activity in

communication 924. Receipt of communication 924 triggers the arbitrator 914 to reset the
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timeout period at time T2 to a second timeout period 906. During the second timeout period
906, the arbitrator 914 monitors usage of the hardware component 916 at operation 926. If
the hardware component 916 is not used during the timeout period 906, then the arbitrator
914 transitions the hardware component 916 into a low power mode at time T3 via
communication 928. A time shortly after time Ts as indicated by arrow 905, the hardware
component 916 is in a low power mode as indicated by line 902.

[0094] Transitioning the hardware component 916 to a low power mode at time T3
is an improvement over other methods of power management that rely on application 910
to de-register its use of hardware component 916. The additional savings of supervisory
power management in the form of an earlier transition of hardware component 916 is shown
on the plot as area 907. Dashed line 908 indicates what the power status of hardware
component 916 would have been if the device had relied on the application 910 to announce
its relinquishment of the hardware component 916 instead of using the methods of
supervisory power management disclosed herein.

[0095] In an implementation, the hardware component 916 may “listen” for an event
that can trigger the hardware component 916 to transition to a different power mode. For
example, if the hardware component 916 is a network adapter, the network adapter may
scan only the headers of network packets for an indication that the hardware component 916
should wake up even though the hardware component 916 is in a low power mode. Such a
packet may be referred to as a “wake packet” received in communication 930. Upon receipt
of the wake packet in communication 930, the hardware component 916 informs the
arbitrator 914 in communication 932 at time T4. In an implementation, the arbitrator may
itself transition the hardware component 916 into a higher power state in communication
933 at time T4 without relaying the hardware component 916’s receipt of the wake packet
to higher levels of the OS, e.g., the power management supervisory controller 912, the
application 910, or other parts of the OS. Upon receipt of communication 933 from the
arbitrator 314 at time T, the hardware component 916 transitions to a higher power mode
and communicates network traffic to the application 910 in communication 934.

[0096] In at least one implementation, the first timeout period 904 may be
superseded by the second timeout period 906 when a component of the system receives a
signal indicating that the hardware component 916 is active, would not satisfy an inactivity
condition, and/or would not satisfy a transition condition at time T2. As such, the first
timeout period 904 is “cut off” by the second timeout period 906 once it is known that the

hardware component 916 will not transition to the low power state at the end of the first

30



10

15

20

25

30

WO 2018/081024 PCT/US2017/057940

timeout period 904. In another implementation, the first timeout period 904 may be allowed
to run until its expiration even if it is known that the hardware component 916 did not satisfy
a transition condition and/or an inactivity condition during the first timeout period 904.
Instead, the first timeout period 904 is allowed to persist until it expired, and then the second
timeout period 906 begins after the first timeout period 904 has completed.

[0097] FIG. 10 illustrates plots of example power status of an application, hardware
device, and network traffic of a device under supervisory control of power management
environment 1000. In a first plot 1002, an application is inactive at the beginning of the plot,
becomes active at time To, and remains active for the remainder of the plot. Plot 1004
indicates the power mode status of a hardware component, for example, a network adapter.
The network adapter is in a low power mode until time To when the application becomes
active and requests use of the network adapter. Plot 1006 shows network traffic over the
network adapter. Network traffic is present starting at time T1 until time T2. At time Ta,
network traffic ceases and a timeout period begins for the network adapter. At time T3, the
timeout period ends, and the network adapter transitions to a low power state even though
the application is still active and may not have de-registered its use of the network adapter.
Later, between times T4 and Ts, the network becomes active again and the network adapter
transitions to a high-power state to service the network traffic. After time Ts, the network
traffic again ceases and a timeout period begins for the network adapter, which transitions
to a low power mode again at time Ts even though the application is still active and may not
have de-registered its use of the network adapter.

[0098] An example method for power management of an electronic device includes
receiving operational information of one or more applications executing on an electronic
device, the one or more applications interacting with a hardware component of the electronic
device, determining a usage pattern of the hardware component by the one or more
applications based on the received operational information, and setting a timeout period
associated with the hardware component of the electronic device based on the determined
usage pattern, the timeout period defining a minimum amount of time before a power state
of the hardware component is permitted to be transitioned from a higher-power state to a
lower-power state.

[0099] Another example method of any preceding method includes transitioning at
least a portion of the hardware component from the higher-power state to the lower-power
state after expiration of the timeout period if the hardware component satisfies a transition

condition, the transition condition being dependent at least in part on the operational
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information and the timeout period, and maintaining the hardware component in the higher-
power state after expiration of the timeout period if the hardware component does not satisfy
the transition condition during the timeout period.

[00100] Another example method of any preceding method includes collecting user
preference information regarding the hardware component, and adjusting the timeout period
associated with the hardware component based on the user preference information.

[00101] Another example method of any preceding method includes recording
historical activity information of the hardware component, the historical activity
information associated with the usage pattern and the timeout period.

[00102] Another example method of any preceding method includes wherein the
historical activity information includes one of a number of transitions from a higher-power
state to a lower-power state, the amount of time the hardware component spends in available
power states, the number of transitions from a lower-power state to a higher-power state,
user preference information, and an amount of energy consumed by the hardware
component.

[00103] Another example method of any preceding method includes adjusting the
timeout period to different timeout period, recording second historical activity information
of the hardware component, the second historical activity information associated with the
usage pattern and the different timeout period, comparing the historical activity information
to the second historical activity information, and setting the timeout period based on the
comparing operation.

[00104] Another example method of any preceding method includes setting a wakeup
period associated with the hardware component of the electronic device based on the usage
pattern, the wakeup period defining a maximum amount of time before a power status of
the hardware component may be transitioned from the lower-power state to a different
power state, and transitioning a portion of the hardware component from the lower-power
state to the different power state after expiration of the wakeup period if the hardware
component satisfies a wakeup condition.

[00105] Another example method of any preceding method includes recording
historical activity information of the hardware component, the historical activity
information associated with the usage pattern and the wakeup period, adjusting the wakeup
period to different wakeup period, recording second historical activity information of the
hardware component, the second historical activity information associated with the usage

pattern and the different wakeup period, comparing the historical activity information to the
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second historical activity information, and setting the wakeup period based on the
comparing operation.

[00106] An example apparatus includes an operational information receiver
configured to receive operational information of one or more applications executing on the
electronic device, the one or more applications interacting with a hardware component of
the electronic device, a usage pattern module configured to determine a usage pattern of the
hardware component by the one or more applications based on the received operational
information, and a timeout period selector configured to set a timeout period associated with
the hardware component of the electronic device based on the usage pattern, the timeout
period defining a minimum amount of time before a power state of the hardware component
is transitioned from a higher-power state to a lower-power state.

[00107] Another example apparatus of any preceding apparatus includes wherein the
adaptive power management control system further includes a power management arbitrator
configured to transition at least a portion of the hardware component from the higher-power
state to the lower-power state after expiration of the timeout period if the hardware
component satisfies a transition condition, the transition condition being dependent at least
in part on the operational information and the timeout period, the power management
arbitrator further configured to maintain the hardware component in the higher-power state
after expiration of the timeout period if the hardware component does not satisfy the
transition condition during the timeout period.

[00108] Another example apparatus of any preceding apparatus includes wherein the
adaptive power management control system further includes a user preference information
collector configured to collect user preference information regarding the hardware
component, and a timeout period adjustor configured to adjust the timeout period associated
with the hardware component based on the user preference information.

[00109] Another example apparatus of any preceding apparatus includes wherein the
user preference information is collected via a graphical user interface presented to the user.

[00110] Another example apparatus of any preceding apparatus includes wherein the
graphical user interface is presented to a user when a battery status of the electronic device
satisfies a battery status condition.

[00111] Another example apparatus of any preceding apparatus includes wherein the
graphical user interface presented to the user includes information regarding an effect of a

user response to the graphical user interface on the hardware component.
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[00112] Another example apparatus of any preceding apparatus includes a power
management arbitrator configured to transmit the determined usage pattern and at least a
portion of the operational information to an aggregated power management arbitrator, the
aggregated power management arbitrator being located remotely from the electronic device,
the power management arbitrator further configured to receive the timeout period from the
aggregated power management arbitrator, the timeout period being based on information
collected from other electronic devices.

[00113] FIG. 11 illustrates an example processing system 1100 enabled to provide a
usage pattern based supervisory control of power management service. The processing
system 1100 includes processors 1102 and memory 1104. On memory 1104 is stored the
power management supervisory controller, the power management arbitrator, one or more
hardware sublayers, and/or one or more hardware drivers. The processing system may
include one or more hardware devices, boxes, or racks, and may be hosted in a network data
center.

[00114] According to various non-limiting examples, the computing systems
described herein includes one or more devices, such as servers, storage devices, tablet
computers, laptops, desktop computers, gaming consoles, media players, mobile phones,
handheld computers, wearable devices, smart appliances, networking equipment, kiosk
devices, and so forth. In one example configuration, the computing systems comprise at
least one processor. The computing systems also contain communication connection(s) that
allow communications with various other systems. The computing systems also include one
or more input devices, such as a keyboard, mouse, pen, voice input device, touch input
device, etc., and one or more output devices, such as a display (including a touch-screen
display), speakers, printer, etc. coupled communicatively to the processor(s) and computer-
readable media via connections such as a bus.

[00115] The memory 1104 is an example of computer-readable media. Computer-
readable media stores computer-executable instructions that are loadable and executable by
one or more processor(s), as well as data generated during execution of, and/or usable in
conjunction with, these programs. In the illustrated example, computer-readable media
stores OS instances, which provide basic system functionality to applications. One or more
of these components, including the operating systems, may be instantiated as virtual
machines, application containers, or as some other type of virtualized instantiation.

[00116] Processor(s) 1102 may include one or more single-core processing unit(s),

multi-core processing unit(s), central processing units (CPUs), graphics processing units
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(GPUs), general-purpose graphics processing units (GPGPUs), or hardware logic
components configured, e.g., via specialized programming from modules or application
program interfaces (APIs), to perform functions described herein. In alternative examples
one or more functions of the present disclosure may be performed or executed by, and
without limitation, hardware logic components including Field-programmable Gate Arrays
(FPGASs), Application-specific Integrated Circuits (ASICs), Application-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), Digital Signal Processing unit(s) (DSPs), and other types of customized
processing unit(s). For example, a processing unit configured to perform one or more of the
functions described herein may represent a hybrid device that includes a CPU core
embedded in an FPGA fabric. These or other hardware logic components may operate
independently or, in some instances, may be driven by a CPU. In some examples, examples
of the computing systems may include a plurality of processing units of multiple types. For
example, the processing units may be a combination of one or more GPGPUs and one or
more FPGAs. Different processing units may have different execution models, e.g., as is the
case for graphics processing units (GPUs) and central processing units (CPUs).

[00117] Depending on the configuration and type of computing device used,
computer-readable media (e.g., memory 1104) include volatile memory (such as random
access memory (RAM)) and/or non-volatile memory (such as read-only memory (ROM),
flash memory, 3D XPoint, resistive RAM, etc.). The computer-readable media can also
include additional removable storage and/or non-removable storage including, but not
limited to, SSD (e.g., flash memory), HDD (Hard Disk Drive) storage or other type of
magnetic storage, optical storage, and/or other storage that can provide non-volatile storage
of computer-executable instructions, data structures, program modules, and other data for
computing systems.

[00118] Computer-readable media can, for example, represent computer memory,
which is a form of computer storage media. Computer-readable media includes at least two
types of computer-readable media, namely computer storage media and communications
media. Computer storage media includes volatile and non-volatile, removable and non-
removable media implemented in any process or technology for storage of information such
as computer-executable instructions, data structures, programming modules, or other data.
Computer storage media includes, but is not limited to, phase change memory (PRAM),
Resistive RAM, 3D Xpoint non-volatile memory, static random-access memory (SRAM),

dynamic random-access memory (DRAM), other types of random-access memory (RAM),
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read-only memory (ROM), electrically erasable programmable read-only memory
(EEPROM), flash memory or other memory technology, compact disk read-only memory
(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 that can be used to store information for access and retrieval by a computing device.
In contrast, communication media can embody computer-executable instructions, data
structures, program modules, or other data in a modulated data signal, such as a carrier wave,
or another transmission mechanism. As defined herein, computer storage media does not
include communication media.

[00119] Various processes described herein are carried out as computing functions in
conjunction with networking functions. For example, one computing device or system may
cause transmission of a message to another computing device via network communication
hardware. This may include, for example, passing by a software module a pointer, argument,
or other data to a networking module. The pointer, argument or other data may identify data
stored in memory or in a register that is to be transmitted to another computing device. The
networking module may include a protocol stack and may read the data identified by the
pointer, argument, or other data. The protocol stack may encapsulate the data in one or more
frames, packets, cells, or other data networking protocol structures. The protocol stack (such
as within the network power module or elsewhere) may call a network interface device
driver, to cause physical transmission of electrical, magnetic, or optical signals along a
communication medium to a network element, such as a gateway, router, switch, hub, and
so forth. An underlying network may route or switch the data to the destination. The
destination computing device may receive the data via a network interface card, which
results in an interrupt being presented to a device driver or network adapter. A processor of
the destination computing device passes the device driver an execution thread, which causes
a protocol stack to de-encapsulate the data in the packets, frames, and cells in which the data
was received. The protocol stack causes the received data to be stored in a memory, a
register, or other location. The protocol stack may pass a pointer, argument, or other data
that identifies where the received data is stored to a destination software module executing
on the destination computing device. The software module receives an execution thread
along with the argument, pointer, or other data, and reads the data from the identified
location.

[00120] The processing system 1100 may also include a display 1106 (e.g., a
touchscreen display, an OLED display with photodetectors, etc.), and other interfaces 1108
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(e.g., a keyboard interface). The memory device 1104 generally includes both volatile
memory (e.g., RAM) and non-volatile memory (e.g., flash memory). An OS 1110, such as
one of the varieties of the Microsoft Windows® operating system, resides in the memory
device 1104 and is executed by at least one of the processor units 1102, although it should
be understood that other operating systems may be employed. Other features of the
processing system 1100 may include without limitation an image sensor, a sensing trigger
(e.g., a pressure sensor or a proximity sensor), etc.

[00121] One or more applications 1112, such as power management software, power
management user preference software, hardware power mode control software, etc., are
loaded in the memory device 1104 and executed on the OS 1110 by at least one of the
processor units 1102. The processing system 1100 includes a power supply 1116, which is
powered by one or more batteries and/or other power sources and which provides power to
other components of the processing system 1100. The power supply 1116 may also be
connected to an external power source that overrides or recharges the built-in batteries or
other power sources.

[00122] The processing system 1100 includes one or more communication
transceivers 1130 to provide network connectivity (e.g., mobile phone network, Wi-Fi®,
BlueTooth®, etc.). The processing system 1100 also includes various other components,
such as a positioning system 1120 (e.g., a global positioning satellite transceiver), one or
more accelerometers 1122, one or more cameras 1124, one or more audio interfaces 1134
(e.g., such a microphone, an audio amplifier and speaker and/or audio jack), one or more
antennas 1132, and additional storage 1128. Other configurations may also be employed.

[00123] In an example implementation, a mobile operating system, various
applications, modules for power management and device control (e.g., drivers,
communication stack layers and/or sublayers), and other modules and services may be
embodied by instructions stored in the memory device 1104 and/or storage devices 1128
and processed by the processing unit 1102. Timeout periods, wakeup periods, and other data
may be stored in the memory device 1104 and/or storage devices 1128 as persistent data
stores.

[00124] The processing system 1100 may include a variety of tangible processor-
readable storage media and intangible processor-readable communication signals. Tangible
processor-readable storage can be embodied by any available media that can be accessed by
the processing system 1100 and includes both volatile and nonvolatile storage media,

removable and non-removable storage media. Tangible processor-readable storage media
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excludes intangible communication signals and includes volatile and nonvolatile, removable
and non-removable storage media implemented in any method or technology for storage of
information such as processor-readable instructions, data structures, program modules or
other data. Tangible processor-readable storage media includes, but is not limited to, RAM,
ROM, EEPROM, flash memory or other memory technology, CDROM, digital versatile
disks (DVD) or other optical disk storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other tangible medium which can be used
to store the desired information and which can be accessed by the processing system 1100.
In contrast to tangible processor-readable storage media, intangible processor-readable
communication signals may embody processor-readable instructions, data structures,
program modules or other data resident in a modulated data signal, such as a carrier wave
or other signal transport mechanism. The term "modulated data signal" means a signal that
has one or more of its characteristics set or changed in such a manner as to encode
information in the signal. By way of example, and not limitation, intangible communication
signals include signals traveling through wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, RF, infrared and other wireless
media.

[00125] Some implementations may comprise an article of manufacture. An article
of manufacture may comprise a tangible storage medium to store logic. Examples of a
storage medium may include one or more types of processor-readable storage media capable
of storing electronic data, including volatile memory or non-volatile memory, removable or
non-removable memory, erasable or non-erasable memory, writeable or re-writeable
memory, and so forth. Examples of the logic may include various software elements, such
as software components, programs, applications, computer programs, application programs,
system programs, machine programs, OS software, middleware, firmware, software
modules, routines, subroutines, operation segments, methods, procedures, software
interfaces, application program interfaces (API), instruction sets, computing code, computer
code, code segments, computer code segments, words, values, symbols, or any combination
thereof. In one implementation, for example, an article of manufacture may store executable
computer program instructions that, when executed by a processor, cause the processor to
perform methods and/or operations in accordance with the described implementations. The
executable processor program instructions may include any suitable type of code, such as
source code, compiled code, interpreted code, executable code, static code, dynamic code,

and the like. The executable processor program instructions may be implemented according
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to a predefined processor language, manner or syntax, for instructing a processor to perform
a certain operation segment. The instructions may be implemented using any suitable high-
level, low-level, object-oriented, visual, compiled and/or interpreted programming
language.

[00126] The implementations described herein are implemented as logical steps in
one or more processor systems. The logical operations may be implemented (1) as a
sequence of processor-implemented steps executing in one or more processor systems and
(2) as interconnected machine or circuit modules within one or more processor systems. The
implementation is a matter of choice, dependent on the performance requirements of the
processor system being utilized. Accordingly, the logical operations making up the
implementations described herein are referred to variously as operations, steps, objects, or
modules. Furthermore, it should be understood that logical operations may be performed in
any order, unless explicitly claimed otherwise or a specific order is inherently necessitated

by the claim language.
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CLAIMS

1. An adaptive power management method for power management of an
electronic device, the adaptive power management method comprising:

receiving operational information of one or more applications executing on the
electronic device, the one or more applications interacting with a hardware component of
the electronic device;

determining a usage pattern of the hardware component by the one or more
applications based on the received operational information;

setting a timeout period associated with the hardware component of the electronic
device based on the determined usage pattern, the timeout period defining a minimum
amount of time before a power state of the hardware component is permitted to be
transitioned from a higher-power state to a lower-power state; and

transitioning at least a portion of the hardware component from the higher-power
state to the lower-power state after expiration of the timeout period if the hardware
component satisfies a transition condition, the transition condition being dependent at least
in part on the operational information and the timeout period.

2. The adaptive power management method of claim 1, further comprising:

maintaining the hardware component in the higher-power state after expiration of
the timeout period if the hardware component does not satisfy the transition condition during
the timeout period.

3. The adaptive power management method of claim 1, further comprising:

collecting user preference information regarding the hardware component; and

adjusting the timeout period associated with the hardware component based on the
user preference information.

4. The adaptive power management method of claim 1, further comprising:

recording historical activity information of the hardware component, the historical
activity information associated with the usage pattern and the timeout period.

5. The adaptive power management method of claim 4, wherein the historical
activity information includes one of a number of transitions from a higher-power state to a
lower-power state, the amount of time the hardware component spends in available power
states, the number of transitions from a lower-power state to a higher-power state, user
preference information, and an amount of energy consumed by the hardware component.

6. The adaptive power management method of claim 4, further including:

adjusting the timeout period to different timeout period;
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recording second historical activity information of the hardware component, the
second historical activity information associated with the usage pattern and the different
timeout period;

comparing the historical activity information to the second historical activity
information; and

setting the timeout period based on the comparing operation.

7. The adaptive power management method of claim 1, further comprising:

setting a wakeup period associated with the hardware component of the electronic
device based on the usage pattern, the wakeup period defining a maximum amount of time
before a power status of the hardware component may be transitioned from the lower-power
state to a different power state; and

transitioning a portion of the hardware component from the lower-power state to the
different power state after expiration of the wakeup period if the hardware component
satisfies a wakeup condition.

8. An adaptive power management control system for an electronic device, the
adaptive power management control system including:

an operational information receiver configured to receive operational information of
one or more applications executing on the electronic device, the one or more applications
interacting with a hardware component of the electronic device;

a usage pattern module configured to determine a usage pattern of the hardware
component by the one or more applications based on the received operational information;
and

a timeout period selector configured to set a timeout period associated with the
hardware component of the electronic device based on the usage pattern, the timeout period
defining a minimum amount of time before a power state of the hardware component is
transitioned from a higher-power state to a lower-power state.

9. The adaptive power management control system of claim 8, wherein the
adaptive power management control system further includes:

a power management arbitrator configured to transition at least a portion of the
hardware component from the higher-power state to the lower-power state after expiration
of the timeout period if the hardware component satisfies a transition condition, the
transition condition being dependent at least in part on the operational information and the

timeout period, the power management arbitrator further configured to maintain the
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hardware component in the higher-power state after expiration of the timeout period if the
hardware component does not satisfy the transition condition during the timeout period.

10. The adaptive power management control system of claim 8, wherein the
adaptive power management control system further includes:

a user preference information collector configured to collect user preference
information regarding the hardware component; and

a timeout period adjustor configured to adjust the timeout period associated with the
hardware component based on the user preference information.

11. The adaptive power management control system of claim 10, wherein the
user preference information is collected via a graphical user interface presented to the user.

12. The adaptive power management control system of claim 11, wherein the
graphical user interface is presented to a user when a battery status of the electronic device
satisfies a battery status condition.

13. The adaptive power management control system of claim 11, wherein the
graphical user interface presented to the user includes information regarding an effect of a
user response to the graphical user interface on the hardware component.

14. The adaptive power management control system of claim 8, further
comprising:

a power management arbitrator configured to transmit the determined usage pattern
and at least a portion of the operational information to an aggregated power management
arbitrator, the aggregated power management arbitrator being located remotely from the
electronic device, the power management arbitrator further configured to receive the timeout
period from the aggregated power management arbitrator, the timeout period being based
on information collected from other electronic devices.

15. One or more tangible processor-readable storage media embodied with
instructions for executing on one or more processors and circuits of a device a process for
adaptive power management of an electronic device, the process comprising:

receiving operational information of one or more applications executing on the
electronic device, the one or more applications interacting with a hardware component of
the electronic device;

determining a usage pattern of the hardware component by the one or more
applications based on the received operational information; and

setting a timeout period associated with the hardware component of the electronic

device based on the usage pattern, the timeout period defining a minimum amount of time
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before a power state of the hardware component is transitioned from a higher-power state

to a lower-power state.
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