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(57) Abstract: In described examples, an energy efficient task scheduler for use with a processor provides multiple reduced energy
use modes. In one embodiment, a system (100) for executing tasks includes a processor (102) and a task scheduler (106). The pro -
cessor (102) provides multiple different reduced energy use modes. The task scheduler (106) is executable by the processor (102) to
schedule execution of multiple sleep tasks (116). Each of the sleep tasks (116) corresponds to a different one of the reduced energy
use modes. The task scheduler (106) is executable by the processor (102) to execute each of the sleep tasks (116), and as part of the
execution of the sleep task (116) to: place the processor (102) in the reduced energy use mode corresponding to the sleep task (116),
and exit the corresponding reduced energy use mode at suspension of the sleep task (116).
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ENERGY-EFFICIENT REAL-TIME TASK SCHEDULER
BACKGROUND
[0001] In many embedded processor applications, energy consumption is a primary concern. For
example, in some battery powered applications, the working the life of a device is tied to the life of
a primary cell powering the device. Some embedded processor applications are also subject to
timing restraints. Accordingly, particular processing tasks must be completed within a
predetermined interval to ensure proper operation. Reduction of energy consumption is often
contrary to meeting fixed timing constraints, and simplistic power management mechanisms may
compromise response in embedded processor applications.
SUMMARY
[0002] In described examples, an energy efficient task scheduler for use with a processor
provides multiple reduced energy use modes. In one embodiment, a non-transitory
computer-readable medium is encoded with instructions that when executed cause a processor to
execute multiple sleep tasks, each of the sleep tasks corresponding to a different reduced energy
use mode of the processor. While executing each of the sleep tasks, the instructions place the
processor in the reduced energy use mode corresponding to the sleep task, and exit the
corresponding reduced energy use mode at suspension of the sleep task.
[0003] In another embodiment, a system for executing tasks includes a processor and a task
scheduler. The processor provides multiple different reduced energy use modes. The task scheduler
is executable by the processor to schedule execution of multiple sleep tasks. Each of the sleep tasks
corresponds to a different one of the reduced energy use modes. The task scheduler is executable
by the processor to execute each of the sleep tasks, and as part of the execution of the sleep task to:
place the processor in the reduced energy use mode corresponding to the sleep task, and exit the
corresponding reduced energy use mode at suspension of the sleep task.
[0004] In a further embodiment, a system for scheduling task execution includes a first processor
and a schedulability analyzer that is executable by the first processor to schedule execution of
multiple sleep tasks by a second processor. Each of the sleep tasks corresponds to a different one of

multiple reduced energy use modes of the second processor. The schedulability analyzer is also
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executable by the first processor to schedule execution of multiple application tasks by the second
processor. The schedulability analyzer is to assign each of the application tasks a lower priority
than any of the sleep tasks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a block diagram for a sensor node that includes energy efficient real-time
task scheduling in accordance with various embodiments.

[0006] FIGS. 2 and 3 shows a timing diagram of tasks executed based on energy efficient real-
time task scheduling in accordance with various embodiments.

[0007] FIGS. 4A, 4B, and 5 show examples of dynamic sleep task scheduling as part of energy
efficient real-time task scheduling in accordance with various embodiments.

[0008] FIG. 6 shows a flow diagram for a method for energy efficient real-time task scheduling
in accordance with various embodiments.

[0009] FIG. 7 shows a block diagram for a system for analyzing schedulability of a task set for
execution using energy efficient real-time task scheduling in accordance with various
embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0010] In conventional processing systems, various scheduling techniques are employed in an
attempt to ensure that processing deadlines are met. Energy consumption may or may not be a
principle concern of conventional scheduling techniques. Processors may provide operation in
multiple power modes, where the energy consumed by the processor varies with each different
power mode. For example, a processor may provide an active mode in which the processor is fully
powered and clocked, an idle mode in which the processor is fully powered and not clocked, a
sleep mode in which a clock synthesizer is disabled and only select peripherals are functional, and
a deep sleep mode in which clocks to the processor and peripherals are halted and voltage to the
processor and peripherals is reduced. Each of the above listed, or similar power modes, provided
by a processor may offer successively lower energy consumption. Unfortunately, lower energy
consumption generally corresponds to increased power mode activation/deactivation times which
make task scheduling increasingly difficult. For this reason, conventional scheduling techniques
may not employ the energy use modes of a processor that offer the greatest reduction in energy
consumption. Conventional scheduling techniques are also generally incapable of applying

multiple low power modes of a processor to optimize energy savings.
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[0011] The task scheduling system disclosed herein can apply multiple reduced energy use
modes offered by a processor while ensuring that execution deadlines are met. Accordingly,
embodiments of the scheduling system disclosed herein can reduced overall processor energy use
without degrading real-time performance.

[0012] FIG. 1 shows a block diagram for a sensor node 100 that includes energy efficient real-
time task scheduling in accordance with various embodiments. The sensor node 100 is a wireless
device that senses conditions occurring in an environment in which the sensor node 100 operates,
and transmits measurements and/or other information related to the environmental conditions to
another device via a wireless sensor network. While the sensor node 100 is referenced herein to
illustrate various embodiments of a task scheduling system, the scheduler disclosed herein has
wide application and may be suitable for scheduling task execution in any system that includes a
processor having multiple energy reduction modes.

[0013] The sensor node 100 includes a processor 102, storage 104, one or more sensor(s) 110, a
wireless transceiver 112, and an energy source 114. The processor 102 may be a general-purpose
microprocessor, a microcontroller, or other device capable of executing instructions retrieved
from a computer-readable storage medium and suitable for use in a wireless sensor node.
Processor architectures generally include execution units (e.g., fixed point, floating point,
integer), storage (e.g., registers, memory), instruction decoding, peripherals (e.g., interrupt
controllers, timers, direct memory access controllers), input/output systems (e.g., serial ports,
parallel ports) and various other components and sub-systems.

[0014] The processor 102 includes multiple (e.g., 2 or more) reduced energy use modes, that
when activated reduce the energy consumed by the processor 102 relative to the energy
consumed by the processor while executing instructions in an active mode. For example, the
processor 102 may provide an first reduced energy use mode in which the processor is fully
powered and not clocked, a second reduced energy use mode in which a clock synthesizer is
disabled and only select peripherals are functional, and a third reduced energy use mode in which
clocks to the processor and peripherals are halted and voltage to the processor and peripherals is
reduced. The second reduced energy use mode may provide reduced energy use relative to the first
reduced energy use mode, and the third reduced energy use mode may provide reduced energy use
relative to the second reduced energy use mode. The time required to transition between an active

mode and the third reduced energy use mode may be greater than the time required to transition
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between an active mode and the second reduced energy use mode. The time required to transition
between an active mode and the second reduced energy use mode may be greater than the time
required to transition between an active mode and the first reduced energy use mode.

[0015] The energy source 114 provides energy to operate the processor 102, the storage 104, the
sensors 110, the wireless transceiver 112, and other components of the wireless sensor node 100.
The energy source 114 may include a battery, an energy harvesting system, and/or other power
source suitable for use in the sensor node 100. Because the energy provided by the energy source
114 is limited, embodiments of the sensor node 100 may endeavor to reduce energy consumption,
thereby reducing the cost of the sensor node 100 and/or increasing the operational life of the sensor
node 100.

[0016] The sensor(s) 110 may include one or more transducers that detects conditions about the
sensor node 100 and provides measurements of the conditions to the processor 102. For example,
embodiments of the sensor(s) 110 may measure temperature, pressure, electrical current, humidity,
or any other parameter associated with the operating environment of the sensor node 100.

[0017] The transceiver 112 converts signals between conducted and airwave forms to allow the
sensor node 100 to communicate, via a wireless network, with other sensor nodes, a base station,
and/or other devices.

[0018] The storage 104 may include non-volatile and/or volatile memory for storing instructions
that are executed by the processor 102 and data that is processed by the processor 102. Examples
of memory that may suitable for implementing the storage 104 include semiconductor memory
(RAM), such as static RAM (SRAM), FLASH memory, electrically erasable programmable read-
only memory (EEPROM)), ferroelectric RAM (FRAM), and other storage technologies suitable for
use in the sensor node 100.

[0019] The storage 104 contains scheduler 106, application tasks 108, and sleep tasks 116. The
application tasks 108 include multiple sets of instructions (e.g., programs) that the processor 100
executes to provide the functionality of the sensor node 100. For example, the application tasks
108 may include a first task (i.e., set of instructions) that periodically monitors the sensors 110 to
measure parameters of the environment in which the sensor node 100 operates, a second task to
interact with the wireless transceiver 112 and/or provide services that allow the sensor node 100
to access a wireless network, and a third task to monitor/diagnose the health of the sensor node

100. In some embodiments, the application tasks 108 may include different and/or additional
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tasks. Each of the application tasks 108 may execute periodically (e.g., at a predetermined
interval), require a known amount of time to execute, and require that execution be complete
prior to a known deadline time (e.g., prior to the end of the period applicable to the task).

[0020] The sleep tasks 116 are executed to place the processor 102 in a reduced energy use
mode. Each of the sleep tasks 116 corresponds to a different reduced energy use mode of the
processor 116. Accordingly, a sleep task 116 may include instructions that are executed to cause
the processor 102 to enter a reduced energy use mode and instructions that are executed on exit
of a reduced energy use mode to prepare the processor 102 to execute the application tasks 108.
The sleep tasks 116 may include at least two sleep tasks.

[0021] The scheduler 106 includes instructions that are executable by the processor to control
when the application tasks 108 and the sleep tasks 116 are executed. The scheduler 106 can
reduce the amount of energy used by the sensor node 100 by scheduling the application tasks 108
for execution in a manner that allows for use of two or more of the multiple reduced energy use
modes of the processor 102, and maximizes the contiguous time intervals during which the
processor 102 is in a reduced energy use mode.

[0022] To provide reduced energy use, the scheduler 106 executes the sleep tasks 116 in
coordination with the application tasks 108. Each of the sleep tasks 116 corresponds to one of the
reduced energy use modes of the processor 100. At initiation of execution of a sleep task, the
processor 102 may enter the reduced energy use state associated with the sleep task, and at
suspension of the sleep task the processor 100 may exit the reduced energy use state associated
with the sleep task. The sleep tasks 116 may be executed in a sequence defined by the amount of
energy use reduction provided by the reduced energy mode associated with sleep task.
Accordingly, a sleep task associated with a reduced energy use mode that provides higher energy
reduction may be executed prior to a sleep task associated with a reduced energy use mode that
provides lower energy reduction. Execution of each sleep task is offset in time from a previously
executed sleep task by a time interval selected to allow for some execution of the application
tasks 108. For example, the time interval between execution of two sleep tasks 116 may be the
same as the period of the most frequently executed of the application tasks 108, or one-half the
period of the most frequently executed of the application tasks 108.

[0023] As the application tasks 108 become ready to execute, the scheduler 106 may record the

application tasks 108 as pending, and schedule the pending application tasks 108 for successive
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execution after a next executed sleep task has finished executing (i.e., after execution of the sleep
task is suspended). By successively executing pending application tasks 108, the time during
which the processor 102 is idle (i.e., not executing any of the application tasks 108) is increased,
and in turn the time during which the processor 102 can be operated in a reduced energy use
mode is increased and the energy use of the sensor node 100 is reduced. When the pending
application tasks 108 have been executed, the scheduler 106 may place the processor 102 in a
reduced energy use state selected based on the time remaining until the next execution of the
application tasks 108.

[0024] FIG. 2 shows a timing diagram 200 of task execution in the sensor node 100 with task
scheduling provided by the scheduler 106. The timing diagram 200 shows two sleep tasks, TS0
and TS1, each of which corresponds to a different energy reduction mode of the processor 102.
The energy reduction mode corresponding to TS0 provides more reduction in energy use than the
energy reduction mode corresponding to TS1. Latency entering and/or exiting the energy
reduction mode corresponding to TSO is also greater than that of the energy reduction mode
corresponding to TS1. The time offset separating TSO and TS1 is equal to the period of task T1,
and as there are two sleep tasks, the period of the sleep tasks is twice the period of task T1.
[0025] The application tasks executed are labeled T1, T2, and T3 in diagram 200. Task T1 is
ready for execution every 36 milliseconds (ms) and requires 4 ms to execute. Task T2 is ready
for execution every 144 ms and requires 12 ms to execute. Task T3 is ready for execution every
576 ms and requires 50 ms to execute. In diagram 200, for each task, the upward arrows indicate
the time that the task becomes ready to execute, and the outlined time blocks indicate the time
that the scheduler 106 allows the task to execute. The scheduler 106 allows a ready task to
execute only after suspension of a sleep task subsequent to the tasking becoming ready to
execute. After suspension of a sleep task, ready tasks are successively executed. The execution
order of the successively executed tasks may be based on priority values assigned to the tasks.
For example, application tasks may be assigned a priority such that a task having a shorter period
has a higher priority than a task having a longer period, where a task having higher priority is
scheduled to execute before a task having lower priority. The scheduler 106 assigns each of sleep
tasks a higher priority than is assigned to any of the application tasks.

[0026] Diagram 200 also shows the time during which no task is ready to be executed (IDLE),

and the times during which the processor 102 is in a reduced power mode. Heavier fill pattern
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indicates a reduced energy use mode that provides more reduction in energy use (i.c., uses less
energy).
[0027] FIG. 3 shows a timing diagram 300 of task execution in the sensor node 100 with task
scheduling provided by the scheduler 106. The timing diagram 300 shows two sleep tasks, TS2
and TS3, each of which corresponds to a different energy reduction mode of the processor 102.
The energy reduction mode corresponding to TS2 provides more reduction in energy use than the
energy reduction mode corresponding to TS3. Latency entering and/or exiting the energy
reduction mode corresponding to TS2 is also greater than that of the energy reduction mode
corresponding to TS3. The time offset separating TS0 and TS1 is equal to the period of task T4.
[0028] The application tasks executed are labeled T4, T5, and T6 in diagram 300. Task T4 is
ready for execution every 36 milliseconds (ms) and requires 4 ms to execute. Task 2 is ready for
execution every 60 ms and requires 12 ms to execute. Task 3 is ready for execution every 100 ms
and requires 30 ms to execute. IDLE time and time spent in the reduced energy use states are
also shown.
[0029] The scheduler 106 may also dynamically determine (i.e., determine at run-time)
whether overall energy consumption can be optimized by skipping an upcoming sleep task and
extending (by the length of the skipped sleep task) an idle interval that will occur sometime after
the skipped sleep task. The scheduler 106 can evaluate: (a) the total energy consumed by the
processor 102 while in a scheduled sleep task and in the idle time following the scheduled sleep
task through the subsequent sleep task; and (b) the total energy consumed by the processor 102 if
the scheduled sleep task is skipped and the length of the idle time following the scheduled sleep
task is increased by the duration of scheduled sleep task. Based on these evaluations, the
scheduler 106 can determine whether overall energy use can be reduced by skipping a sleep
state.
[0030] FIGS. 4A and 4B show an example of dynamic sleep task scheduling as part of energy
efficient real-time task scheduling in accordance with various embodiments. In FIGS. 4A and
4B:

Csl1 is time scheduled for execution of sleep state 1;

Cs2 is time schedule for execution of sleep state 2;

pl and p2 represent energy consumed in a reduced energy use mode;

pO0 represents energy consumed in an idle state of the processor; and
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pa represents energy consumption when the processor is active.
The scheduler 106 can apply the following computation to determine whether (1) provides lower
energy consumption than (2):

t, — <(p2 —pl)(p0 —pl)Cs2

[0031] FIG. 4A shows energy use when the sleep state at Cs2 is not skipped. FIG. 4B shows
energy use when the sleep state at CS2 is skipped and time equal to Cs2 is added to the idle time in
reduced energy use mode p2 that follows the time scheduled for Cs2. In this example, the energy
consumed when the sleep state at Cs2 is skipped is approximately the same as the energy
consumed when the sleep state at Cs2 is not skipped.
[0032] FIG. 5 shows another example of dynamic sleep task scheduling as part of energy
efficient real-time task scheduling in accordance with various embodiments. In the timing diagram
500, the application tasks and sleep tasks are as shown in FIG. 2, but dynamic sleep task
scheduling is applied to skip some instances of sleep task TS1. By skipping some instances of
sleep task TS1, longer idle intervals are created that allow use of energy reduction modes that
provide more reduction in energy use than is available in diagram 200, where dynamic sleep task
scheduling is not applied.
[0033] Various operations performed by the scheduler 106 may be described by the pseudo-code
provided below.
procedure INIT

for 7, eI’ do
1«0
RELEASE(r)
// Schedule sleep task execution
procedure ATTIME(tj € {kTS +¢,+C, ke F}) for j=1...s
for 7, eI’ do
it t-C, ,—r,>T, then
RELEASE (1)
ne T

// Schedule application task execution
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procedure ATTIME(t € {kT,, : k € T})
for 7, eI’ do
if t—r, >T, then
RELEASE (1)
ne T
// Select reduced energy use mode to be applied during idle time

procedure ONIDLE (¢)

gl

L, «<t—-r
E«{weQ:e <t}
@ <—argmin, ., p,
SLEEP(t, — ¢, ;)

where:

I: set of all tasks;

C,:  worst-case execution time (e.g. in cycles);
T':  period (inter-arrival time);
D,:  deadline of task i;

T8 task 7;
@,:  reduced energy use mode /;
p;:  power consumption of reduced energy use mode /;

Q:  setofreduced energy use modes;

e;:  break-even time length for reduced energy use mode /;

E: break-even time;

C. .: cycles to enter reduced energy use mode j;

period of sleep task j;
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T .

¢ harmonizing period (i.e., interval between sleep task executions); and

¢:  phase offset of task 7.

[0034] FIG. 6 shows a flow diagram for a method for energy efficient real-time task scheduling
in accordance with various embodiments. Though depicted sequentially as a matter of
convenience, at least some of the actions shown can be performed in a different order and/or
performed in parallel. Additionally, some embodiments may perform only some of the actions
shown. In some embodiments, at least some of the operations of FIG. 6, as well as other operations
described herein, can be implemented as instructions stored in a computer readable medium (e.g.,
storage 104) and executed by one or more processors (€.g., processor 102).

[0035] In block 602, the parameters of the application tasks 108 to be executed by the processor
102 are determined. The parameters may include the period of each application task, the execution
duration of each application task, and a deadline for completing execution of each application task.
[0036] In block 604, the parameters of the two or more sleep tasks 116 to be executed by the
processor 102 are determined. The parameters may include the number of sleep tasks, the reduced
energy use mode of the processor 102 to be applied during execution of each sleep task, the period
of the sleep tasks, and the offset between sleep tasks. As explained herein, a different reduced
energy use mode of the processor 102 will be applied during execution of each sleep task.

[0037] In block 606, priorities are assigned to each sleep task and each application tasks. Each
sleep task may be assigned a higher priority than any of the application tasks. Priorities may be
assigned to the application tasks in inverse relation to the period of each task (i.e., shorter
period=higher priority).

[0038] In block 608, the processor 102 is executing the application tasks 108 and the sleep tasks
116. As each application task 108 becomes ready to execute, the application task’s availability for
execution is recorded, and execution of the task is delayed until execution of the next sleep task is
complete.

[0039] In block 610, the processor 102 executes one of the sleep tasks 116. Any executing
application task is preempted and the processor 102 is set to operate in the reduced energy use
mode associated with the sleep task.

[0040] In block 612, execution of the sleep task is complete (i.e., the sleep task is suspended)
and the application tasks that became ready to execute prior to or during execution of the sleep task

are dispatched for execution. Pending application tasks are successively executed with higher

10
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priority application tasks executed before lower priority application tasks.

[0041] In block 614, execution of pending application tasks is complete. The processor 102
applies dynamic sleep task optimization to determine whether an upcoming sleep task should be
skipped. The processor 102 may compute the amount of energy to be used if the next sleep task is
executed as scheduled, and the amount of energy to be used if the next sleep task is skipped (i.c.,
pending application tasks are executed at the time scheduled for execution of the next sleep task).
Accordingly, the processor may revise the sleep task schedule to skip execution of the next
scheduled sleep task if such skipping will reduce energy consumption, such as by allowing use of a
more beneficial reduced energy use mode.

[0042] Based on the amount of time until the next application task execution, the processor 102
selects a reduced energy use mode and sets the processor 102 to operate in the selected mode until
application tasks are to be executed.

[0043] FIG. 7 shows a block diagram for a system 700 for analyzing schedulability of a task set
for execution using energy efficient real-time task scheduling in accordance with various
embodiments. The system 700 includes a processor 702 and storage 704. The processor 702 may
be a general-purpose microprocessor, digital signal processor, a microcontroller or other device
capable of executing instructions retrieved from a computer-readable storage medium. Processor
architectures generally include execution units (e.g., fixed point, floating point, integer), storage
(e.g., registers, memory), instruction decoding, peripherals (e.g., interrupt controllers, timers,
direct memory access controllers), input/output systems (e.g., serial ports, parallel ports) and
various other components and sub-systems.

[0044] The storage 704 is a non-transitory computer-readable storage medium suitable for
storing instructions executable by the processor 702, and for storing data for processing by the
processor 102. The storage 204 may include volatile storage such as random access memory,
non-volatile storage (e.g., a hard drive, an optical storage device (e.g., CD or DVD), FLASH
storage, read-only-memory), or combinations thereof.

[0045] In some implementations, the system 700 may be embodied in a computer, such as a
desktop computer, a workstation computer, rack mount computer, a notebook computer, or other
form of computer known in the art. The system 700 may include various components that have
omitted from FIG. 7 as a matter of clarity. For example, the system 700 may include a display

device, a user input device, and a network adapter.
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[0046] The storage 704 contains a schedulability analyzer 706, application task parameters
708, and target processor parameters 710. The target processor parameters 710 include
information specifying various parameters of a target processor (e.g., the processor 102) on
which a set of application tasks are to be executed. For example, the target processor parameters
710 may specify the reduced energy use modes provided by the target processor, energy
consumed in each reduced energy use mode, and time to enter and exit each reduced energy use
mode. The application task parameters 708 include information specifying various parameters of
the application tasks to be executed on the target processor. For example, the application task
parameters 708 may include the number of application tasks to be executed, the period of each
application task, the execution duration of each application task on the target processor, and a
deadline for completing execution of each application task.

[0047] The schedulability analyzer 706 determines whether the application tasks specified in
the application task parameters 708 can be executed on the target processor using the energy
efficient real-time task scheduler 106. In the system 700, schedulability for a first a task of the

application tasks 108 may be computed as:

where:

C; is the execution time of application task i ;
T’ 1s the period of application task i

T 1s the period of the sleep tasks; and

S, 1s the duration of sleep task & .

[0048] Schedulability of other tasks of the application tasks 108 may be computed as:

5058 L S
vlzz.;Tj+7;+;K7;sl(2 1)

where K is the number of sleep tasks (i.e., the number of reduced energy use modes applied).
[0049] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A non-transitory computer-readable medium encoded with instructions that when executed
cause a processor to:

execute a plurality of sleep tasks, each of the sleep tasks corresponding to a different
reduced energy use mode of the processor; and

while executing each of the sleep tasks, place the processor in the reduced energy use mode
corresponding to the sleep task, and exit the corresponding reduced energy use mode at suspension
of the sleep task.
2. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to execute a plurality of application tasks while none of the sleep
tasks is executing.
3. The computer-readable medium of claim 2, further comprising instructions that when
executed cause the processor to coalesce execution of the application tasks to increase time during
which the processor is in a reduced energy use mode.
4. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to delay execution of the application tasks to increase time during
which the processor is in a reduced energy use mode.
5. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to assign higher priorities to the sleep tasks than a priority assigned to
any application task.
6. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to arrange the sleep tasks for execution in order of successively
higher energy use by the processor.
7. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to offset in time each of the sleep tasks from a preceding sleep task
and a succeeding sleep task by an equal time interval.
8. The computer-readable medium of claim 1, further comprising instructions that when
executed cause the processor to determine whether to shift time allocated to a given one of the
sleep tasks to an idle interval scheduled to occur after the time allocated to the given one of the

sleep tasks; wherein the determination of whether to shift the execution time is based on whether
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shifting of the execution time will reduce processor energy consumption relative to not shifting the
execution time.
9. A system for executing tasks, comprising;:

a processor that provides a plurality of different reduced energy use modes; and

a task scheduler that is executable by the processor to: schedule execution a plurality of
sleep tasks, each of the sleep tasks corresponding to a different one of the reduced energy use
modes; execute each of the sleep tasks; and, as part of the execution, place the processor in the
reduced energy use mode corresponding to the sleep task, and exit the corresponding reduced
energy use mode at suspension of the sleep task.
10.  The system of claim 9, wherein the task scheduler causes the processor to schedule a
plurality of application tasks for execution while none of the sleep tasks is executing.
11.  The system of claim 9, wherein the task scheduler causes the processor to coalesce
execution of the application tasks to increase time during which the processor is in a reduced
energy use mode.
12. The system of claim 9, wherein the task scheduler causes the processor to delay execution
of the application tasks to increase time during which the processor is in a reduced energy use
mode.
13.  The system of claim 9, wherein the task scheduler causes the processor to execute each of
the sleep tasks at a higher priority than any application task.
14. The system of claim 9, wherein the task scheduler causes the processor to arrange the sleep
tasks for execution in order of successively higher energy use by the processor.
15. The system of claim 9, wherein the task scheduler causes the processor to offset, in time,
cach of the sleep tasks from a preceding sleep task and a succeeding sleep task by an equal time
interval.
16.  The system of claim 9, wherein the task scheduler causes the processor to determine
whether to shift time allocated to a given one of the sleep tasks to an idle interval scheduled to
occur after the time allocated to the given one of the sleep tasks; wherein the determination of
whether to shift the execution time is based on whether shifting of the execution time will reduce

processor energy consumption relative to not shifting the execution time.
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17. A system for scheduling task execution, comprising:

a first processor;

a schedulability analyzer that is executable by the first processor to: schedule execution a
plurality of sleep tasks by a second processor, each of the sleep tasks corresponding to a different
one of a plurality of reduced energy use modes of the second processor; and schedule execution of
a plurality of application tasks by the second processor, wherein the schedulability analyzer is to
assign each of the application tasks a lower priority than any of the sleep tasks.

18. The system of claim 17, wherein the schedulability analyzer causes the first processor to
arrange the plurality of application tasks to execute consecutively.

19. The system of claim 17, wherein the schedulability analyzer causes the first processor to
schedule execution of the application tasks such that execution of each of the application tasks that
is ready to execute before a given one of the sleep tasks is delayed until suspension of the given
one of the sleep tasks.

20. The system of claim 17, wherein the schedulability analyzer causes the first processor to
determine whether the application tasks are schedulable for execution by the second processor
based on: a duration of each of the sleep tasks; a number of reduced energy use modes of the
second processor that are applied to sleep tasks; an execution period of each of the application
tasks; an execution duration of each of the application tasks; and a time interval between the sleep

tasks.

15



PCT/US2015/034305

WO 2015/188016

1/5

719~

TARENY

019~

809"

909"

009
N 9 'DId

NOILVZINILJO MSVL
d337S JINVNAQ A'lddV

A

MSVL d337S 40 AN 1V SHSVL
NOILVOI1ddV A3AV13d 31NO3X3

A

NOLLNOIX3A MSVL 43318
HOV3 404 300N ¥3ImMOd
d39NAa3d NI HOSS320¥d LNd

A

MSV1 d337S IXaN 40
(N3 OL NOILNJ3X3 MSV1
NOLLVOIddV AV13d

A

SMSVL NOILVOIddV ANV SMSVL
d3371S Ol S3ILIH0Md NOISSY

L OIA

0L~ SY3LINVHVd
H0SSI00Hd 139HVL

A

¥09-"]

1358440 ‘003d 3LVLS
¥3IMOd “HIGNNN -SHILINVHVd
hSLANEERRNKERER

A

209~

aNINAav3a ‘NOILYYNA ‘a0i3d
-SH313WVHVd ONINIL MSYL
NOILYOIddV ININY313d

N\QN
80/~ SH3LINVAVd
MSVL NOILYOITddY <> ¥OSSIO0NUd
YIZATYNY
90/l ALMIEYINQ3HOS
JIOVHOLS
0. 00/
I DIA oLl vl
/ /
(S)MOSN3S 304NOS ADYANS
I sysvi daats I
801 ‘
N SYSVLNOILYOINddY | [ PR R EERIS A
<] Y0SSIO0YUd |« SSSTIHIM
¥31NAIHOS \ \
9011 201 AN
JIOVHOLS
0l X

001




WO 2015/188016

PCT/US2015/034305

560

480

400

320

240

160

80

POWER
TICKS |

FIG. 2



WO 2015/188016

3/5

PCT/US2015/034305

POWER |:

200

|
|
160

120

40

FIG. 3



PCT/US2015/034305

WO 2015/188016

4/5

a

A

A J

HL
dv DIA F_H
- »l - - -
....... N | T
NSVL NOILYOITddV | | _ | [
....... _ “ ra
_ | od
YSVL d331S _ od
“ d
| |
| _..
| |
| |
| |
| |
| |
| |
| |
. | |
Vv DIA | |
| |
| |
0000 “ “
MSV.L NOLLYOITddY | | ‘ 7d
............... |
_ _ 1d
| od
YSVL d331S | o
| | d




WO 2015/188016

PCT/US2015/034305

560

480

400

320

240

160

80

POWER
TICKS |

FIG. 5



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings

