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57 ABSTRACT

An electronic device (e.g., computer system, etc.) employ-
ing dynamic power management of the present invention
adjusts power consumption in accordance with an analysis
of parameters and events occurring over one or more time-
periods. Preferably, the electronic device monitors micro-
processor, operating system, peripheral and/or device-level
events and adjusts run-time parameters, such as micropro-
cessor clock frequency and voltage, to reduce power con-
sumption with minimal perceived degradation in perfor-
mance.
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METHOD AND APPARATUS FOR OPTIMIZING
PERFORMANCE AND BATTERY LIFE OF
ELECTRONIC DEVICES BASED ON SYSTEM AND
APPLICATION PARAMETERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 60/333,535, entitled “Perfor-
mance and Battery Life Optimization Based on System and
Application Parameters™ and filed Oct. 11, 2001, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to processing systems
or devices and, more particularly, to adjustment of power
used during operation of those devices.

[0004] 2. Discussion of the Related Art

1. Field of the Invention

[0005] Portable and autonomously powered electronic
devices (e.g., computer systems, telephones, PDAs, etc.) are
becoming more and more sophisticated, while at the same
time, becoming smaller. These devices, whether powered by
batteries, fuel cells, solar power, or some other power
source, are capable of performing functions that have been
traditionally relegated to large desktop and server computer
systems.

[0006] While the technology for portable electronic
devices has progressed rapidly, improvements in battery
capacity and energy density have not been as rapid. As a
result, a gap has developed between the processing capa-
bilities of portable electronic devices and the battery life of
those devices. This gap has constrained the “autonomy” of
portable electronic devices, reducing the amount of time
between battery recharge or replacement, and thus limiting
the true portability of these devices. Often, designers of
portable electronic devices must delicately balance battery
parameters such as size, weight, and cost against the port-
ability and operational characteristics of the device.

[0007] In an attempt to overcome these problems, com-
puter electronics manufacturers have incorporated many
features into their hardware and software designs to extend
battery life. A feature that has been introduced is frequency
and voltage adjustment for microprocessors. Various com-
panies, such as Intel, IBM, Texas Instruments, Motorola, and
Transmeta, have introduced microprocessors that include
the run-time capability to increase or decrease the frequency
and voltage at which the microprocessor core operates.
Since power consumption is directly proportional to the
clock frequency of the microprocessor and to the square of
the corresponding applied voltage, reductions in both
parameters can have a cubic effect on overall power con-
sumption of the device. However, reducing clock frequency
may also reduce instruction-processing performance.

[0008] The related art provides several practices of under-
standing performance appropriately and adjusting perfor-
mance in attempt to overcome this problem. For example,
when activity of a computer system is below a threshold for
a certain period of time, hardware components of the com-
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puter system are shut off or deactivated to conserve power.
By way of example, a display backlight may be turned off
or the computer system itself may be disabled in response to
a user not providing any input to the computer system for
several minutes. Alternatively, the microprocessor core may
be placed in a non-processing low-power state with the
clock stopped. Examples of such approaches are disclosed in
U.S. Pat. Nos. 5,386,577, 5,493,685, 5,983,357 and/or
5,991,883, the disclosures of which are incorporated herein
by reference in their entireties.

[0009] Further, the clock frequency of a microprocessor
may be reduced when activity of a computer system is below
a threshold for a certain period of time, and subsequently
increased in response to increased computer system activity.
Examples of such approaches are disclosed in U.S. Pat. Nos.
5,369,771, 5,628,001, 5,752,011 and/or 5,983,357, the dis-
closures of which are incorporated herein by reference in
their entireties.

[0010] In addition, the types of activities that a computer
system performs may be monitored to determine whether
clock frequency and voltage are to be reduced or increased.
Examples of such approaches are disclosed in U.S. Pat. Nos.
5,504,908, 5,625,826, 5,892,959, 5,996,084 and/or 6,427,
211, the disclosures of which are incorporated herein by
reference in their entireties.

[0011] The related art suffers from several disadvantages.
In particular, the related art techniques provide some
straightforward capabilities to reduce power consumption
through various optimizations; however, the power reduc-
tion achieved is limited. Further, the related art techniques
monitor individual or a few basic parameters to reduce
power, thereby providing a simplistic approach that may
enter a power conserving state at an inopportune time and
consequently adversely affect performance.

[0012] The present invention overcomes the aforemen-
tioned problems and provides several advantages. In par-
ticular, the present invention significantly reduces power
consumption (effectively increasing battery life by a factor
of two or more), while not appreciably affecting electronic
device performance. These power consumption reductions
are achieved through a combination of optimizations, aggre-
gated together and analyzed over plural time-periods. The
optimizations are based on very low-level system param-
eters related to the microprocessor hardware and operating
system software, and high-level parameters related to the
application and end-user operating environment.

OBIECTS AND SUMMARY OF THE
INVENTION

[0013] Accordingly, it is an object of the present invention
to significantly reduce the power consumption of electronic
devices, thereby extending device operating life.

[0014] 1t is another object of the present invention to
adjust operating frequency and/or voltage of an electronic
device in accordance with an analysis of individual or a
combination of one or more low-level parameters, such as
instructions-per-cycle, thread zones, and/or interrupt den-

sity.

[0015] Yet another object of the present invention is to
adjust operating frequency and/or voltage of an electronic
device in accordance with an analysis of individual or a
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combination of one or more environmental parameters, such
as weather conditions, physical location, orientation,
motion, time-of-day and/or received wireless radio signal
strength.

[0016] Still another object of the present invention is to
adjust operating frequency and/or voltage of an electronic
device in accordance with an analysis of the above-men-
tioned parameters conducted in one or more of the following
manners: analysis of the parameters over plural time-periods
(e.g., including current and historical periods); the time-
periods being of equal duration (e.g., fixed sampling rate) or
of variable duration (e.g., based on factors such as operating
system task/thread switches or interrupt arrival); and/or
analysis of plural parameters simultaneously, with each
parameter providing a fixed or adjustable scaling or voting
factor in determining if a specified power-saving threshold
is achieved.

[0017] The aforesaid objects may be achieved individually
and/or in combination, and it is not intended that the present
invention be construed as requiring two or more of the
objects to be combined unless expressly required by the
claims attached hereto.

[0018] According to the present invention, an electronic
device (e.g., computer system, etc.) adjusts power consump-
tion in accordance with an analysis of parameters and events
occurring over one or more time-periods. Preferably, the
electronic device monitors microprocessor, operating sys-
tem, peripheral and/or device-level events and adjusts run-
time parameters, such as microprocessor clock frequency
and voltage, to reduce power consumption with minimal
perceived degradation in performance.

[0019] The above and still further objects, features and
advantages of the present invention will become apparent
upon consideration of the following detailed description of
specific embodiments thereof, particularly when taken in
conjunction with the accompanying drawings wherein like
reference numerals in the various figures are utilized to
designate like components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram of an exemplary com-
puter system employing the dynamic power management of
the present invention.

[0021] FIG. 2 is a procedural flow chart illustrating the
manner in which dynamic power management is accom-
plished in accordance with the present invention.

[0022] FIG. 3 is a procedural flow chart illustrating the
manner in which dynamic power management is achieved
based on an instructions-per-cycle (IPC) parameter in accor-
dance with the present invention.

[0023] FIG. 4 is a functional block diagram illustrating the
manner in which values for a parameter are combined over
plural time-periods for power management determinations
in accordance with the present invention.

[0024] FIG. 5 is a procedural flow chart illustrating the
manner in which an interval type is selected for performing
parameter measurements in accordance with the present
invention.

[0025] FIG. 6 is a procedural flowchart illustrating the
manner in which plural parameters are combined in a series
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of stages for power management determinations in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] An exemplary computer system employing the
dynamic power management of the present invention is
illustrated in FIG. 1. By way of example, the present
invention is described with respect to a computer system;
however, the present invention may be employed by any
electronic device including a processing system or processor
to reduce power consumption by that device. Specifically,
computer system 2 includes a power source or batteries 4, a
power supply 6, memories 8, a processor or CPU 10 and
peripherals 12. The power supply receives power from
batteries 4 and provides appropriate power signals to the
various computer system components (e.g., memories 8,
processor 10, peripherals 12, etc.) via a power bus 14. The
power supply is typically implemented by a conventional
power supply and includes a voltage adjustment module 18
(e.g., in the form of hardware (such as circuitry) and/or
software) to control the voltage provided by that supply.
Processor 10 is typically implemented by a conventional
microprocessor (e.g., Intel StrongARM or the like, etc.)
including a frequency adjustment module 20 (e.g., in the
form of hardware (such as circuitry) and/or software). The
frequency adjustment module controls the processor clock
rate or frequency.

[0027] Memories 8 include the read-only and read-write
memories of the computer system (e.g., ROM, RAM, etc.).
These memories are typically implemented by conventional
components. Peripherals 12 may include various communi-
cations or other devices. By way of example, peripherals 12
may include a Global Positioning System (GPS) receiver 22,
a communications device or link 24 (e.g., modem, etc.)
and/or sensors 26 (e.g., temperature sensors, humidity sen-
sors, etc.). Receiver 22 and link 24 interface external devices
(e.g., GPS system, network, Internet, etc.) to receive param-
eter or other information, while sensors 26 produce param-
eter measurements. The parameter information and mea-
surements are utilized for power management
determinations as described below. The processor commu-
nicates with the power supply, memories and peripherals via
an information bus 16. The various computer system com-
ponents (e.g., memories, power supply, processor, peripher-
als, buses, etc.) are typically implemented by conventional
components and/or devices, where their configurations may
vary slightly to accommodate particular characteristics of a
device. For example, the clock frequency and voltage adjust-
ment modules may be integrated within the processor and
power supply or be implemented as external modules.

[0028] The processor includes a power management mod-
ule 28 to monitor various device and/or external parameters
and facilitate adjustment of the processor clock frequency
and voltage to conserve power in accordance with the
present invention as described below. The power manage-
ment module is typically implemented as a software module
or unit executable by processor 10; however, this module
may be implemented as a hardware module or unit (e.g.,
circuitry) or as any combination of hardware and software,
and may be external of or integral with the processor. The
power management module provides control signals to
adjust the processor clock rate and voltage. Frequency
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adjustment module 20 adjusts the processor clock rate in
accordance with the control signals, while the processor
communicates with voltage adjustment module 18 to adjust
the power supply voltage in accordance with these signals.
The power management module typically accesses periph-
erals 12 and memories 8 to store and receive parameter
information for power management determinations as
described below. Parameter information may be stored in
memories 8 for several parameter sampling intervals,
thereby enabling power management determinations based
on current parameter measurements and a history of these
measurements as described below. In addition, memories 8
include available frequency and voltage settings for the
processor and power supply to facilitate adjustment of the
clock frequency and voltage as described below. These
settings may be stored in the memories in any desired
fashion (e.g., list, stack, queue, array, etc.).

[0029] The power management module basically facili-
tates measurement and storage of parameters within a
parameter sampling interval, and examines those parameters
to adjust the processor clock rate and voltage accordingly.
The manner in which dynamic power management is per-
formed by power management module 28 is illustrated in
FIG. 2. Initially, the power management module waits for
the beginning of a parameter sampling interval at step 30.
This interval may be fixed (e.g., occurs at a prescribed
interval, such as every one millisecond) or variable (e.g.,
based on system activity, such as interrupts) as described
below. The power management module basically monitors a
timer or system activity to determine the occurrence of a
fixed or variable interval, respectively. Once a parameter
sampling interval commences, the power management mod-
ule facilitates measurement of one or more parameters
during that interval at step 32. The measured parameter
values are stored in memories 8 at step 34. Current measured
values for a parameter may be stored in a queue or other data
structure with prior values for that parameter to provide a
parameter history for power management determinations as
described below. The stored measurement values are
retrieved to determine a new processor clock frequency and
voltage at step 36. Basically, the parameter values are
utilized to select one of the series of available frequency and
voltage settings stored in memories 8 (FIG. 1). These
memories typically contain appropriate frequency and cor-
responding voltage settings for the particular device as
described above. The selected settings are applied to power
supply 6 and processor 10 at step 38 to adjust the voltage and
clock frequency, respectively. Generally, greater power is
required to operate the processor at a higher frequency.
Accordingly, the power management module typically
adjusts the voltage prior to the frequency for a frequency
increase, and adjusts the frequency prior to the voltage for
a frequency reduction. This prevents the situation where the
processor is operating at a high frequency with low voltage.
The frequency and voltage values determined in a parameter
sampling interval are maintained until the next interval.

[0030] Power management module 28 may utilize various
parameters to determine appropriate frequency and voltage
settings, but preferably determines the settings in accor-
dance with the number of instructions-per-cycle (IPC).
Instructions-per-cycle is basically determined by counting
the number of instructions executed by the processor and the
number of clock frequency cycles that occur during a time
interval (e.g., parameter sampling interval, desired time
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interval, etc.) and dividing the instruction count by the cycle
count. The number of cycles and instructions executed are
typically determined by and retrieved from the processor.
The IPC parameter is indicative of system performance and
the type of activities that are occurring as described below,
and may further be determined relative to any desired unit
time other than a processor clock cycle (e.g., instructions per
millisecond or other time interval, etc.).

[0031] Inmodem microprocessors, deep pipelining is used
to theoretically allow one machine language instruction to
be completed for every microprocessor clock cycle, thereby
resulting in an IPC of 1.0. IPC typically falls below 1.0 due
to factors that cause a slowdown in the execution of instruc-
tions. These factors may include system inactivity (idle
time), off-chip accesses to memory for cache-line fills and
variables, off-chip accesses to peripherals, and pipeline
stalls. IPC may be utilized to determine the effect of a
reduction of clock frequency and voltage on system perfor-
mance. For example, when IPC is near 1.0, the system is
typically executing tight instruction loops from within the
cache. In this case, clock frequency and voltage should
generally be increased to allow the instructions to be
executed faster. As IPC falls below 1.0, the system is either
idling (e.g., not executing instructions) for portions of the
time interval (e.g., parameter sampling interval, etc.) or is
performing lots of memory or peripheral accesses, which are
typically slow relative to the clock frequency. In these cases,
clock frequency and voltage should be reduced because the
activities will be completed in the time allotted, but power
consumption will be reduced.

[0032] The manner in which power management module
28 utilizes the IPC parameter to control clock frequency and
voltage is illustrated in FIG. 3. Initially, the power manage-
ment module typically waits for the beginning of a param-
eter sampling interval at step 40 as described above. This
interval is typically fixed (e.g., occurs at a prescribed time
interval, preferably on the order of milliseconds or micro-
seconds). Once the parameter sampling interval occurs, the
instruction and cycle count information is retrieved from the
processor to determine the IPC at step 42 as described
above. When the IPC is near 1.0, the processor is constantly
occupied with code execution, thereby enabling an increase
in clock frequency to increase performance and potentially
reduce future bandwidth requirements. If, however, the IPC
is moderately less than 1.0, the processor is not fully utilized
(e.g., due to idle time, cache misses, etc.) and a reduction in
frequency increases IPC, without degradation of perfor-
mance (provided that the IPC does not reach 1.0). Accord-
ingly, the IPC parameter is compared to a threshold that is
set to be slightly less than 1.0, typically in the range between
0.95-0.99 (e.g., threshold =1.0-A, where A is predetermined
or set by a user). As discussed above, when IPC is 1.0, the
processor is operating efficiently and an increased clock
frequency should be employed. Generally, the IPC param-
eter is less than 1.0 since the processor usually performs an
operation in a given interval that endures for several cycles.
The threshold accounts for these instances and basically
adjusts sensitivity of the power management module with
respect to entering a high performance mode (e.g., increased
clock frequency). Thus, the selection of the delta value sets
the power management module sensitivity and essentially
enables a trade-off between performance and battery life
(e.g., the lower the delta value, the longer the battery life and
the lower the performance).
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[0033] When the IPC is greater than or equal to the
threshold as determined at step 44, the IPC parameter
indicates efficient processor operation and the frequency and
voltage are set to the highest frequency and corresponding
voltage setting stored in memories 8 (FIG. 1) at step 50.
These settings are subsequently applied at step 52 to adjust
the clock frequency and voltage. Otherwise (e.g., IPC is less
than the threshold), the new frequency is determined by
multiplying the IPC by the current frequency setting at step
46. The next highest frequency (relative to the new fre-
quency) within the stored frequency values is selected and
the frequency and corresponding voltage setting are
retrieved from the stored values at step 48. The new settings
are subsequently applied at step 50 to adjust the clock
frequency and voltage. The current IPC value multiplied by
the current frequency setting produces a frequency yielding
a theoretical IPC of 1.0. The selection of the next highest
frequency value setting impedes the IPC from attaining a
value of 1.0.

[0034] By way of example, a processor includes four
frequency settings (e.g., 100, 200, 300, and 400 MHz). If the
current frequency is 400 MHz and the measured IPC is 0.60,
the new frequency should be the next highest possible
setting above 240 MHz (e.g., 0.6x400=240 MHz), or 300
MHz. In this case, assuming the processor maintains the
same execution profile for the next parameter sampling
interval, the IPC value is 0.80, and the calculation indicates
that the frequency should remain at 300 MHz. Eventually,
the IPC value may be 0.60, indicating that the frequency
should be adjusted down to 200 MHz, or alternatively, the
IPC may be 1.0, indicating that the frequency is to be set to
the maximum of 400 MHz.

[0035] The power management module may alternatively
employ historical filtering to derive more accurate IPC or
other parameter values as illustrated in FIG. 4. In particular,
measured values for a parameter 60, such as IPC, are
retrieved from memories 8. The parameter values for plural
parameter sampling intervals are typically stored in memo-
ries 8 in a circular buffer or queue of length N, where N is
the number of samples of the parameter to include in the
filter and a new parameter value measurement is stored in
the position of the least-recent parameter value measure-
ment. The parameter values may be stored for any desired
quantity of parameter sampling intervals, where t represents
a current time and T represents a parameter sampling
interval. Thus, the expression ‘parameter (t-NT)’ represents
a measurement from N prior parameter sampling intervals.
The retrieved parameters are each multiplied by a corre-
sponding weight 62 and applied to a summer 64. The
summer produces a resulting parameter value 66 that is
basically a summation of the weighted parameter values.
The resulting value is subsequently utilized as an overall
value for the parameter (e.g., IPC) to determine clock
frequency and voltage adjustments (e.g., in the manner
described above for FIG. 3). Thus, the filtering is generally
a weighted average, where the most recent parameter values
may be given more weight than older prior values based on
the corresponding weights. The effect of recent values may
be diminished by adjusting the filter weights accordingly. In
this way, rapid fluctuations of parameter values can be
“smoothed” or averaged out, as appropriate, and alterna-
tively, periodic features of the parameter values can be
reduced or emphasized.

Jun. 21, 2007

[0036] The parameter sampling intervals of the present
invention may be in the form of asynchronous time intervals
for measurements. Basically, fixed intervals at high rates
(e.g., frequent sampling intervals) can have the effect of
overtaxing the computer or processing system. Accordingly,
the processor may be interrupted at normal interrupt inter-
vals for frequency and voltage determinations. These deter-
minations are basically performed at each activity driven
interrupt (e.g., key press, touchscreen touch, etc.). The result
is an asynchronous sampling interval that, in certain cases,
reduces computational requirements.

[0037] The manner in which the power management mod-
ule employs the various types of intervals (e.g., fixed and
variable) is illustrated in FIG. 5. Specifically, the power
management module determines if fixed intervals are to be
employed at step 70. This may be accomplished based on
various factors, such as user or OEM settings, the parameter
to measure, the processor activity, etc. If a fixed interval is
to be employed, the power management module selects the
appropriate interval at step 72, and waits for the occurrence
of that interval to perform clock frequency and voltage
adjustment at step 78 as described above (e.g., FIG. 2).
Otherwise, the power management module employs a vari-
able interval (e.g., based on interrupts or other system
activity) and waits for the occurrence of that interval at step
76 to perform clock frequency and voltage adjustment at
step 78 as described above (e.g., FIG. 2).

[0038] The power management module may further utilize
various parameters to adjust clock frequency and voltage.
The parameters may be used individually as described above
(e.g., for IPC), or may be combined in plural stages to
determine clock frequency and voltage settings. The manner
in which the power management module combines param-
eters in plural stages to determine clock frequency and
voltage settings is illustrated in FIG. 6. Initially, the power
management module is described with reference to combin-
ing thread performance zone and IPC parameters. However,
the power management module may combine any desired
parameters in the manner described below. The thread
performance zone parameter represents a request for a
particular performance level by a software thread or task
executing on processor 10. This request may be provided by
software (e.g., through an application programming inter-
face or function call within the task) or hardware (e.g., via
a register that stores a circuit-determined performance value
based on task information). The request is presented in the
form of a numerical value that represents a range from low
performance to high performance. For example, the range
from -1.0 to +1.0 includes -1.0 indicating lowest perfor-
mance (e.g., longest battery life), 0.0 indicating average
performance, and +1.0 indicating highest performance (e.g.,
shortest battery life). The selected default value is typically
in the middle of that range (e.g., zero).

[0039] In particular, the power management module waits
for a parameter sampling interval (e.g., fixed or variable) at
step 80. Once the interval occurs, the performance zone
parameter is retrieved at step 82 (e.g., the retrieval of the
performance zone parameter represents an initial stage).
Subsequently, the IPC parameter is determined at step 84 in
the manner described above and added to the performance
zone parameter at step 86 (e.g., this represents a subsequent
stage). The net effect of the addition is to skew the IPC value
towards low or high performance based on the requested
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performance zone. The resulting combined parameter is
subsequently compared to a threshold. The threshold value
is typically set to be slightly less than 1.0, typically in the
range between 0.95-0.99 (e.g., threshold=1.0-A, where A is
predetermined or set by a user). As discussed above, when
IPC is near 1.0, the processor is operating efficiently and the
highest operating frequency is utilized. Generally, the IPC
parameter is typically less than 1.0 since the processor
usually performs an operation in a given interval that
endures for several cycles. Accordingly, the threshold
accounts for these instances, and basically adjusts sensitivity
of the power management module with respect to entering a
high performance mode. Thus, the selection of the delta
value sets the power management module sensitivity and
essentially enables a trade-off between performance and
battery life (e.g., the lower the delta value, the longer the
battery life and the lower the performance).

[0040] When the resulting combined parameter is greater
than or equal to the threshold as determined at step 88, the
IPC and performance zone parameters are indicating a high
performance mode and the highest frequency and corre-
sponding voltage setting stored in memories 8 are selected
at step 90 and applied at step 100 to adjust the frequency and
voltage. If the combined parameter value is less than zero as
determined at step 92, the IPC and performance zone
parameters are indicating a power conservation mode and
the lowest frequency and corresponding voltage setting
stored in memories 8 are selected at step 94 and applied at
step 100 to adjust the frequency and voltage. When the
combined parameter is greater than zero and less than the
threshold, a new frequency is determined at step 96 by
multiplying the combined parameter by the current fre-
quency. The next highest frequency within the stored fre-
quency values is selected and the corresponding frequency
and voltage settings are retrieved at step 98 and applied at
step 100 to adjust the frequency and voltage. Thus, when the
performance zone is 0.0, no effect is added and the IPC value
and the current frequency value determines the new fre-
quency value as described above. However, if the perfor-
mance zone is less than or greater than 0.0, the effective IPC
value is decreased or increased, causing the new frequency
to skew towards lower or higher frequencies, respectively.
By way of example, a processor has possible frequency
settings of 100, 200, 300, and 400 MHz. With an IPC of 0.6,
current frequency of 400 MHz and a performance zone of
0.0, the appropriate new frequency is 300 MHz (e.g., the
next highest possible frequency value above 0.6 multiplied
by 400). However, if the performance zone is —0.2, the
appropriate new frequency is 200 MHz (the next highest
frequency value above 0.4 multiplied by 400), while a
performance zone of +0.3 maintains the frequency at 400
MHz.

[0041] The effect of or the amount of skewing by the
parameters on the frequency and voltage adjustment in the
plural stages may be controlled. For example, if the effect of
the first stage parameter (e.g., performance zone) is to be
lower relative to the second stage parameter (e.g., [PC), the
range for the first parameter may be lowered (e.g., 0.5 to
+0.5, instead of -1.0 to +1.0) with respect to the second
parameter range. In addition, plural parameters each with a
corresponding value range may be used in the first stage to
skew the second stage parameter towards higher or lower
frequencies. By way of example, the first stage may include
two parameters, one with a range of -0.5 to +0.5 and the
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other with a range of -0.2 to +0.2, where the values of each
of the first stage parameters are added or otherwise com-
bined with the second stage parameter for power manage-
ment determinations as described above. The plural param-
eters employed by the power management module may
include: location, orientation, and motion of the device;
interrupt-service-routines-per-cycle (ISRPC); weather/envi-
ronmental conditions; wireless signal strength; and time-of-
day, week, month, or year.

[0042] The plural parameters may be used individually or
in any combination in stage one to skew the IPC calculation
or other parameter in the subsequent stage. The device
location, orientation, and motion information may be
retrieved from GPS receiver 22 (FIG. 1) receiving informa-
tion from a GPS system, or over a wired or wireless
communications link to a network (e.g., Internet, etc.) or
other source via communications device 24. These attributes
are formulated as a normalized range, typically centered
around 0.0. In the case of location, the parameter reflects
distance from a particular location. For example, the most
negative value may indicate long distances from the loca-
tion, while values may increase as the device approaches
that location. This has the effect of increasing performance
of the device as it approaches the location. Alternatively,
performance may be decreased as the location is
approached, or modified in accordance with device orienta-
tion or acceleration changes.

[0043] The ISRPC value is determined by counting the
number of interrupts (e.g., typically provided by processor
10) in an interval (e.g., parameter sampling interval) and
dividing the count by the time interval, and further dividing
the result by the clock frequency (e.g., (count/time interval)/
clock frequency). However, any desired unit time interval
(e.g., a desired interval, such as one millisecond, etc.) other
than the clock frequency may be employed. The resulting
number provides an indication of performance requirements.
A higher number indicates more interrupts and generally
higher processing requirements. The ISRPC value is
expressed as a normalized range, typically centered around
0.0. For example, numbers greater than zero may indicate a
great number of interrupts, while numbers near or below
zero may indicate a small amount of interrupts.

[0044] The weather and environmental conditions and the
ambient conditions in the environment around the device
may be received from on-board sensors 26 (FIG. 1) (e.g.,
temperature sensors, humidity sensors, etc.) or from a wired
or wireless communications link to a network (e.g., Internet,
etc.) or other source via communications device 24. These
attributes are formulated as a normalized range, typically
centered around 0.0. For example, in the case of humidity,
humidity measurements relative to a default measurement
are utilized to indicate normalized values. High humidity
may indicate the most negative value, while low humidity
may indicate the most positive value. This has the effect of
increasing performance as humidity drops. Alternatively,
adjustment of performance may be based on ambient tem-
perature or rainfall.

[0045] The relative strength of a received wireless signal
(e.g., for use with wireless modems, telephones, etc.) may be
used to adjust performance. The signal may be from a local
wireless link, such as a cellular telephone system, an 802.11
wireless local area network or a GPS signal. In this case, the
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attributes are formulated as a normalized range, typically
centered around 0.0. For example, as the received radio
frequency signal strength increases, this may indicate that
the device is approaching an area of expected increased
performance, and a value above 0.0 may be set. Alterna-
tively, as the signal strength diminishes, the value may be set
below 0.0.

[0046] The actual time and date may be used to determine
performance. For example, in a distributed smart sensor
computer device that measures temperature every hour per
day on the hour, as the measurement time approaches, the
frequency and voltage may be increased by creating a
normalized parameter, typically centered around 0.0, that
increases above 0.0 when the time for a measurement
approaches. Alternatively, the time and date information
may be retrieved via an on-board real-time-clock circuit or
over a wired or wireless communications link to a network
(e.g., Internet, etc.) or other source via communications
device 24 (FIG. 1).

[0047] The plural stage combination of parameters
described above may further utilize historical measurements
of any one or more of the parameters. Basically, the nor-
malized historical measurements may be weighted and com-
bined (e.g., as described above for FIG. 4) to produce a
resulting parameter value. The resulting value may be uti-
lized in the corresponding stage in the manner described
above to determine clock frequency and voltage settings.

[0048] The power management module may further
employ various graphical user interfaces (GUI) or user
screens (not shown) to display and receive information from
auser. For example, a user or operator may set the thresholds
(or delta values) or other parameters via these screens, or
select desired parameters to utilize for adjusting clock
frequency and voltage. Further, the screens may display any
desired information, such as operating mode (e.g., fre-
quency, voltage, general indicator indicating high perfor-
mance or low power mode, etc.), enabled parameters, etc.
Alternatively, this information may be displayed on an
operating system screen.

[0049] 1t will be appreciated that the embodiments
described above and illustrated in the drawings represent
only a few of the many ways of implementing a method and
apparatus for optimizing performance and battery life of
electronic devices based on system and application param-
eters.

[0050] The present invention may be employed for power
reduction on any type of electronic device including a
processor or processing circuitry under software control
(e.g., computer systems, telephones, PDAs, organizers, pro-
grammable or other calculators, etc.). These devices may
utilize any quantity of any types of portable or stationary
power sources (e.g., portable, wall outlet, batteries, solar,
fuel cells, etc.), however the present invention is preferably
utilized for extending the operating life of devices with
portable power sources.

[0051] The computer system employing the present inven-
tion may be implemented by any quantity of any personal or
other type of computer or processing system (e.g., IBM-
compatible, Apple, Macintosh, laptop, palm pilot, micropro-
cessor, etc.). The computer system may include any com-
mercially available operating system (e.g., Windows, OS/2,
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Unix, Linux, etc.), any commercially available and/or cus-
tom software (e.g., communications software, power man-
agement module software, etc.) and any types of input
devices (e.g., keyboard, mouse, microphone, voice recogni-
tion, etc.). The various computer system components (e.g.,
memories, power supply, processor, peripherals, buses, etc.)
are typically implemented by any quantity of conventional
components and/or devices, where their configurations may
vary slightly to accommodate particular characteristics of a
device. The processor may be implemented by any conven-
tional or other microprocessor or processing device (e.g.,
such as those available from Intel). It is to be understood that
the software of the present invention (e.g., power manage-
ment module, etc.) may be implemented in any desired
computer language, and could be developed by one of
ordinary skill in the computer and/or programming arts
based on the functional description contained herein and the
flow charts illustrated in the drawings. Further, any refer-
ences herein of software performing various functions gen-
erally refer to computer systems or processors performing
those functions under software control.

[0052] The power management module may alternatively
be implemented by any quantity of hardware or other
processing circuitry (e.g., ASIC, PGA, IC, logic or other
circuitry, etc.) and may be integrated within a processor to
form a new processor or be external of the processor (e.g.,
on or external to the processor board) and coupled to the
frequency and voltage adjustment modules. The various
functions of the power management module may be distrib-
uted in any manner among any quantity (e.g., one or more)
of hardware and/or software modules or units, computer or
processing systems or circuitry, where the computer or
processing systems may be disposed locally or remotely of
each other and communicate via any suitable communica-
tions medium (e.g., LAN, WAN, Intranet, Internet, hardwire,
modem connection, wireless, etc.). The software and/or
algorithms described above and illustrated in the flow charts
and drawings may be modified in any manner that accom-
plishes the functions described herein.

[0053] The power management module may be imple-
mented as a separate stand-alone software or hardware
module or may be in the form of an embeddable system
(e.g., within another system, as an embeddable software
component within other software, etc.). The power manage-
ment module software may be available on a recorded
medium (e.g., magnetic or optical mediums, magneto-optic
mediums, floppy diskettes, CD-ROM, memory devices, etc.)
for use on stand-alone systems or systems connected by a
network or other communications medium, and/or may be
downloaded (e.g., in the form of carrier waves, packets, etc.)
to systems via a network or other communications medium.

[0054] The processor may include any quantity of any
types of peripherals to ascertain parameter information. The
GPS receiver may be implemented by any quantity of
conventional or other receivers capable of communicating
with a GPS system. The communications device may be
implemented by any quantity of any conventional commu-
nications devices (e.g., wireless or wired modem, wired or
wireless network card, etc.) to interface a network (e.g.,
Internet, etc.) or other source of information. The sensors
may be of any quantity and include any type of conventional
or other sensors to measure any quantity of desired param-
eters (e.g., temperature sensor, humidity sensor, rain sensor,
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etc.). The peripherals may basically ascertain any desired
information for the power management determinations
either by accessing an information source or by direct
measurement.

[0055] The reduction of power may be accomplished by
any desired techniques (e.g., adjusting frequency and volt-
age, disabling power to components, etc.). The control
signals to adjust frequency and voltage may be of any
quantity, may be in any desired format and may contain any
desired information. The power management module may
communicate directly with the frequency adjustment and
voltage adjustment modules or indirectly via the processor.
The frequency and voltage may be adjusted individually or
in combination based on parameter determinations, where
the parameters may relate solely to voltage or frequency, or
to both. The frequency and voltage may be adjusted in any
desired order and during the same or different intervals.

[0056] The type of intervals may be selected in any
desired fashion and based on any conditions (e.g., param-
eters to be measured, system activity, processing efficiency,
user preferences or settings, etc.). The fixed intervals may be
set to any desired time intervals (e.g., on the order of
milliseconds, microseconds, seconds, etc.). The fixed inter-
vals may be predetermined or set by a user or operator. The
variable intervals may be based on any desired system
activities (e.g., interrupts, thread or task switching, periph-
erals, activities indicated by a user or operator, etc.). The
power management module may include and/or monitor any
quantity of conventional or other devices to monitor the
fixed and/or variable intervals (e.g., counters, timers, polling
registers, etc.).

[0057] The present invention may store and/or utilize
parameter samples from any quantity of sampling intervals
(e.g., current and previous). Further, any quantity of samples
for a parameter may be obtained in a sampling interval, and
individual parameters may be measured during each interval
or during particular intervals (e.g., every Nth interval, where
N is an integer, during intervals triggered by a specific
activity, etc.). The parameter values may be stored in
memory in any desired fashion (e.g., an array, list, table,
etc.). The frequency and voltage settings may be stored in
the memories in any desired fashion (e.g., an array, list,
table, etc.) and may include any quantity of settings in any
desired increments or units. Moreover, the memories may
store settings and/or controls for any desired device com-
ponents to reduce power consumption for those components.
The memories may include any quantity of any types of
memory (e.g., ROM, RAM, etc.), while the various param-
eters and settings may be stored in any device internal or
external memories.

[0058] The IPC may be determined in any desired manner
based on any desired unit time interval (e.g., clock cycle, any
time interval, such as milliseconds, microseconds, etc.). The
instruction and cycle count may be determined by the
processor, or may be determined by the power management
module (e.g., counting instructions and cycles, calculating
the number of cycles based on the clock frequency and
sampling interval, etc.). The IPC and other parameters may
utilize any desired numeric or other range (e.g., symbols or
characters with numeric assignments, etc.). The parameter
value may be combined with the current frequency or any
reference frequency in any desired manner (e.g., multiplied,
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added, indicate a multiplier, etc.) to attain a new frequency
setting. Further, a new frequency setting may be selected
from the stored settings in any desired fashion (e.g., select
the next highest or lowest, select a frequency based on an
offset or a positional offset (e.g., select the second highest or
lowest frequency) from the calculated or a reference fre-
quency, etc.).

[0059] Any quantity of current and/or prior measurements
for a parameter may be combined (e.g., weighted average,
filtered, average, accumulated, etc.) in any fashion to pro-
duce an overall result. The weights may be of any desired
values to achieve a desired effect of values on the overall
parameter value. Any quantity of any types of parameters
may be combined in any quantity of stages for power
management determinations, where each stage may utilize
any quantity or type of parameter. The parameter values may
be normalized with respect to any desired value range (e.g.,
numeric, characters or symbols assigned numeric values,
etc.). The parameter ranges may be set to any desired values
to control the influence of a parameter in the power man-
agement determination. The parameter values may be com-
bined in any fashion (e.g., added, multiplied, etc.). Alterna-
tively, the parameter values may be utilized to select or
modify thresholds for entering high performance or power
conservation modes. For example, the plural parameters
may be utilized to adjust the threshold for IPC values to
control entry into high performance or power conservation
modes.

[0060] The thread performance zone parameter may be
indicated by software and/or hardware and may include any
desired range to indicate performance. This parameter may
request any desired specific operating characteristic of the
device (e.g., specific frequency or voltage, etc.). The thread
or task may further request any desired characteristic in any
desired fashion (e.g., request a device to be disabled, etc.).

[0061] The ISRPC may be determined in any desired
manner based on any desired unit time interval (e.g., clock
cycle, any time interval, such as milliseconds, microseconds,
etc.). The interrupt cycle count may be determined by the
processor, or may be determined by the power management
module (e.g., counting interrupts, etc.). The various plural
parameters (e.g., location, motion, weather, etc.) may be
obtained from external information sources (e.g., Internet,
GPS system, etc.) or direct sensor measurement in any
desired fashion.

[0062] The GUI or user screens may be of any quantity,
may be arranged in any desired fashion and may include any
desired information (e.g., indicate mode, enabled param-
eters, etc.). The screens may receive any information from a
user (e.g., frequency, voltage or other system device settings
to control the device, parameters to utilize for power man-
agement determinations, time for fixed intervals, activity for
variable intervals, etc.). The information may alternatively
be displayed and/or received from any quantity of screens of
other software (e.g., operating system, application program,
etc.) or any combination of the user and other software
screens.

[0063] The techniques described above for examining
parameters for power management decisions may be used by
the present invention individually, or in any combination to
control power usage of the device. Further, each of these
techniques may employ fixed or variable intervals or any
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combinations thereof, and may utilize any desired parameter
or combinations of parameters to render power management
determinations.

[0064] Tt is to be understood that the present invention is
not limited to the applications disclosed herein, but may be
utilized with any electronic devices including a processor to
reduce device power consumption. Further, the present
invention may measure and analyze any desired device or
external parameters to reduce device power consumption or
control other device operating characteristics.

[0065] From the foregoing description, it will be appreci-
ated that the invention makes available a novel method and
apparatus for optimizing performance and battery life of
electronic devices based on system and application param-
eters, wherein an electronic device monitors system and
application parameters to control device power usage.

[0066] Having described preferred embodiments of a new
and improved method and apparatus for optimizing perfor-
mance and battery life of electronic devices based on system
and application parameters, it is believed that other modi-
fications, variations and changes will be suggested to those
skilled in the art in view of the teachings set forth herein. It
is therefore to be understood that all such variations, modi-
fications and changes are believed to fall within the scope of
the present invention as defined by the appended claims.

1-11. (canceled)
12. A system for dynamically managing power within an
electronic device comprising:

a power management device including:

a sampling module to ascertain a value for at least one
parameter associated with said electronic device
during a sampling interval, wherein said at least one
parameter includes a quantity of instructions
executed by an electronic device processor within a
particular time interval;

an analysis module to evaluate said at least one param-
eter value and determine at least one control value to
adjust power consumption of said electronic device
in response to said parameter evaluation; and

an adjustment module to adjust power consumption of
said electronic device in accordance with said at least
one control value to control electronic device power
consumption.
13. The system of claim 12, wherein said at least one
control value includes an operating frequency and voltage of
said electronic device processor.
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14. The system of claim 13, wherein said analysis module
includes:

an evaluation module to set at least one control value to
a maximum operating frequency of said electronic
device processor in response to said instruction quan-
tity parameter value being equal to or exceeding a
threshold and to set at least one control value to a
desired operating frequency for said electronic device
processor derived from the product of the current
processor operating frequency and said instruction
quantity parameter value in response to said instruction
quantity parameter value being less than said threshold.

15-25. (canceled)

26. A method of dynamically managing power within an

electronic device comprising the steps of:

(a) ascertaining a value for at least one parameter asso-
ciated with said electronic device during a sampling
interval, wherein said at least one parameter includes a
quantity of instructions executed by an electronic
device processor within a particular time interval;

(b) evaluating said at least one parameter value and
determining at least one control value to adjust power
consumption of said electronic device in response to
said parameter evaluation; and

(c) adjusting power consumption of said electronic device
in accordance with said at least one control value to
control electronic device power consumption.

27. The method of claim 26, wherein step (b) further

includes:

(b.1) determining an operating frequency and voltage of
an electronic device processor to adjust power con-
sumption of said electronic device in response to said
parameter evaluation.

28. The method of claim 26, wherein step (b) further

includes:

(b.1) setting at least one control value to a maximum
operating frequency of said electronic device processor
in response to said instruction quantity parameter value
being equal to or exceeding a threshold; and

(b.2) setting at least one control value to a desired
operating frequency for said electronic device proces-
sor derived from the product of the current processor
operating frequency and said instruction quantity
parameter value in response to said instruction quantity
parameter value being less than said threshold.
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