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COMPUTING SYSTEMS AND METHODS FOR CONTROLLING A
COMPUTING SYSTEM

Technical Field

10081} Vartous embodiments generally relate to computing systems and methods for

controlling a computing system.

Backeround

{0062 Compruting systems may have limited energy supply performance. Thus, it

may be deswrable 1o keep the enerey consumyption as low as possible,
: &) i)

Summaryv of the Invention

{6003} According o various embodiments, a computing system may be provided.
The computing system may inclade: a circuit configured to operate at a plurality of
operation frequencies; a graphics output configured to owtput image data for display; a
rate determiner configured to determine a frame rate of the graphics output; and a
frequoncy setter configured to set an operation frequency of the circuit based on the
determined frame rate,

{6004} According to various embodiments, a computing system may be provided.
The computing system may include: a circuit configured to operate at a phurality of
operation frequencies; a storage configured to store a pre-determined frequency value for
a pre-determined application; and a4 frequency seiter configured 1o set the pre-determined
frequency as an operation frequency of the circuit if the pre-determined application is
executed by the computing system.

[0005] According to various embodiments, a computing system may be provided.
The computing system may mnclude: a processor configured to operate at a plurality of

operation frequencies: a power source configured to provide power to the processor; a
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power measurenment circuit configured to measure the power provided by the power
source; and a frequency setter configured to set an operation frequency of the processor
based on the measured power.

{00006] According {o various embodiments, a method for controlling a computing
system may be provided. The method may include: controlling a circuit configured to
operate at a plurality of operation frequencies; controlling a graphics output configured to
output image data for display: determining a frame rate of the graphics output; and setting
an operation frequency of the circuit based on the determined frame rate.

{8067} According to various embodiments, a method for controlling a computing
system way be provided. The method may inchide: controlling a circuit configured to
operate at a plurality of operation frequencies; storing a pre-determined frequency value
for a pre-determined application; and setting the pre-determined frequency as an
operation frequency of the circuit if the pre-determined application is executed by the
computing system.

{0008] According to various embodiments, a method for controlling a computing
system may be provided, The method may mclude: controlling a processor configured to
operate at a plarality of operation frequencies; controlling a power source configured to
provide power to the processor; measuning the power provided by the power source; and

setting an operation frequency of the processor based on the measwred power.

Brief Description of the Drawings

68697 In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. The
dimensions of the various features or elements may be arbitrarily expanded or reduced for
clarity. In the following description, various embodiments of the invention are described
with reference to the following drawings, in which:

{00101 FiG. I shows a computing system in sccordance with an embodiment;

{6011} Fi@3. 2 shows a computing system in accordance with an embodiment;
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{9012} F1G. 3 shows a computing system in accordance with an embodiment;

{8013) FIG. 4 shows a computing system in accordance with an embodiment;

{0014} FIG. 5 shows a computing system in accordance with an embodiment;

{8015} FIG. 6 shows a computing system in accordance with an embodiment;

{0016} FIG. 7 shows a flow diagram illustrating a method for controlling a computing
system 1n accordance with an embodiment;

{8017} FIG. 8 shows a flow diagram illustrating a method for controlling a computing
system 1n sccordance with an embodiment; and

{8018} FIG. 9 shows a flow diagram lustrating a method for controlling a computing

system in accordance with an embodiment.

Detatled Descrintion

{8019} The following detailed description refers to the accompanying drawings that
show, by way of llustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, and logical changes may be made without departing from the scope of the
invention. The various embodiments are pot necessarily mutoally exclusive, as some
embodiments can be combined with one or more other embadiments to form new
embodiments.

{6628} in order that the invention may be readily undevstood and put into practical
effect, particular embodiments will now be deseribed by way of examples and not
limitstions, and with reference (o the figures.

10021} The computing system may inclode a memory which is for example used in
the processing carried out by the computing system. A memory used in the embodiments
may be a volatile memory, for example a DRAM (Dynamic Random Access Memory) or
a non-volatile memory, for example a PROM (Programmable Read Only Memory}, an

EPROM (Erasable PROM), EEPROM (Electrically Erasable PROM), or a {lash memory,
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e.g., a floating gate memory, a charge trapping memory, an MRAM (Magnetoresistive
Random Access Memory) or a PCRAM (Phase Change Random Access Memory).

{6822} In an embodiment, a “circuit” may be understood as any kind of a logic
implementing eatity, which may be special purpose circuitry or a processor executing
software stored in a memory, firmware, or any combination thereof. Thus, in an
embodiment, a "cireuit” may be a hard-wired Jogic civcuit or a programmable logic circult
such as a programmable processor, e.g. a microprocessor {e.g. a Complex Instruction Set
Computer {CISC) processor or & Reduced Instraction Set Computer (RISC) processor). A
"circuit" may also be a processor executing software, e.g. any kind of computer program,
e.g. a computer program using a virtual machine code such as e.g. Java. Any other kind
of implementation of the respective functions which will be described In more detail
below may also be understood as a "circuit" in accordance with an alternative
embodiment. It will be understood that what is described herein as circuits with different
nares (for example “circuit A” and “circuit B”) may also be provided in one physical
circuit tike described abowve.

{0023} It will be woderstood that what is referred to as a “computing system” herein
may be a desktop computer or a notebook computer or a ganung computer {like a video
game console) or any other kind of personal computer or computing device.

{024} Various embodiments are provided for devices, and various exabodiments are
provided for methods. It will be understood that basic properties of the devices also hold
for the methods and vice versa. Therefore, for sake of brevity, duplicate description of
sich properties may be omitted.

§0025] It will be understood that any property described herein for a specific device
may also hold for any device described herein. It will be understood that any property
deseribed herein for a specific method may also hold for any method desceribed herein.
Furthermore, it will be understand that for any device or method described herein, not
necessarity all the components or steps described must be enclosed in the device or

method, but only some {but not all) components or steps may be enclosed,
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{6024} Commonly used laptops may have a battery that may have a maximum
discharge rate, dependent on the technology used. A Lithinm-lon Polymer cell may have
a maximum continuous discharge rate of 1.5C (where C is the Capacity of the cefl).
10627 Thus, a computer with a Li-lon cell of 60Wh capacity {C) may have a
maximum continuous discharge of 90W (1.5C).

06281 This high current consumption may only be possible when there is a
significant load on the computer’s CPU {central processing unit), GPU {graphics
processing unit) and other components. This may be more common in gaming and
graphical applications, where the GPU may be used intensively and the CPU supports all
non~graphical functions.

{8629} In order to prevent the destruction of the cell, it may be desired to maintain the
current 10 be under this maximum, Conventional computers may measure this current
{either directly, or through communication with the smart battery pack) and if a value
above the maxinnnn 18 measured over a short time period, it wmay redace the Graphics
Processing Unit (GPL) clock frequency through the Bmbedded Controller (EC) in order
to reduce power consumption.

{0038] The consequence of this clock speed reduction is the drastic loss of
performance of the graphics processing of the computer. It the computer is currently
running a graphically intensive app or application {such as a video game), the frames per
second (Ips) may drop drastically (for example from more than 30 fps to 7-10 {ps)
depending on the clock speed reduction implemented, This may be a limitation seen in
many products on the market today.

{6031} According to various embodiments, the GPU may remain at full power, but
the power conswmption may be reduced elsewhere.

{6632} It will be understood that although a circuit for which an operation frequency
is reduced is described as a CPU or a GPU, a circuit is not limdted to a CPU or a GPU,
but may be any other device or sub-device of a computing system, for example a
MHCroprocassor or a microcontrolier.

{033} FIG. 1 shows a computing system 100 in accordance with an embodiment,

The computing system 100 may include a cirenit 102 configured to operate at a plurality

LA



WO 2014/062157 PCT/US2012/060325

of operation frequencics. The computing system 100 may further include a graphics
output 104 configured to output image data for display. The computing system 100 may
forther include a rate determiner 106 configured to determine a frame rate of the graphics
output 104. The computing system 100 may further include a frequency setter 108
configured fo set an operation frequency of the circuit 102 based on the determined frame
rate. The circuit 102, the graphics output 104, the rate determiner 106, and the frequency
setter 108 may be connected via a connection 110 (or a plurality of scparate connections),
for example an electrical or optical connection, for example any kind of cable or bus.
{0834] According to various embodiments, the circuit 102 may include or may be or
may be imneluded in a processor.

{6035] According to various embodiments, the processor may include or may be or
may be included in g central processing unit.

{6036} According to various cmbodiments, the circuit 102 may include or may be or
may be mcleded in a graphics processor.

100371 According to various embodiments, the graphics processor may include or
may be or may be included m a graphics processing unit.

{038 According to various embodiments, the graphics output 104 may be the output
of a graphics card.

{3039 According te various cmbodiments, the graphics card may include the
graphics processor.

10844 According to various embodiments, the frequency setter 108 may further be
configured to increase the operation frequency of the circutt 102 if the determined frame
rate is below a pre-determined first threshold.

{0641] According to various embodiments, the frequency setter 108 may further be
configured to decrease the operation frequency of the circuit 102 if the determined frame
rate is above a pre-determined second threshold.

10042] According to various embodiments, the first threshold may be lower than the

second threshold,
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{6043 According to vartous cmbodiments, the frequency 108 may further be
configured to sel an operation frequency of the circuit 102 based on an application
executed by the computing system 100.

{8044} FIG. 2 shows a computing system 200 in accordance with an embodiment.
The computing system 200 may, similar to the computing system 100 of FIG. 1, include a
circuit 102 configured to operate at a plurality of operation frequencies. The computing
system 200 may, similar to the computing system 100 of FIG. 1, further include a
graphics output 104 configured to output image data for display. The computing system
200 may, simitar to the computing system 100 of FIG. 1, finther include a rate determiner
106 configured to determine a frame rate of the graphics output 104. The computing
system 200 may, similay to the computing system 100 of FIG. I, further include a
frequency setter 108 configured to set an operation frequency of the circuit 102 based on
the determined frame rate. The computing system 200 may further inclode a program
close determiner 202, hike will be described in more detail below. The circuit 102, the
graphics output 104, the rate determiner 106, the frequency setter 108, and the program
close determiner 202 may be connected via a connection 204 (or a plurality of separate
connections), for example an electrical or optical connection, for example any kind of
cable or bus.

{0845 According to various embodiments, the program close determiner 202 may bhe
configured to determine from programs presently executed by the computing system 200
a program to be closed,

{8046} According to various embodiments, the program close determiner 202 may
further be configured to determine the program to be closed so that the determined frame
rate fulfils ¢ pre-determined frame-rate eriterion,

{6647]  According to various embodiments, the program close determiner 202 may
further be configured to determine the program to be closed so that the operation
frequency fulfils a pre-determined frequency criterion.

{60481 FIG. 3 shows a computing system 300 in accordance with an embodiment.
The computing system 300 may inclade a cirenit 302 configured to operate at a plurality

of operation frequencies. The computing system 300 may further include a storage 304
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configured to store a pre-determined frequency value for a pre-determined application.
The computing system 300 may further include # frequency setter 306 configured to set
the pre-determined frequency as an operation frequency of the circuit 302 if the pre-
determined application is executed by the computing system. The circuit 302, the storage
304, and the frequency setter 306 may be connected via a connection 308 {(or a plurality
of separate connections}, for example an electrical or optical connection, for example any
kind of cable or bus.

{0049} According to various embodiments, the circuit 302 may include or may be or
may be included in a processor.

{08501 According to various embodiments, the processor may include or may be or
may be included in a central processing unit,

{6051} According to various embodiments, the circuit 302 may include or may be or
may be included in a graphics processor.

{0652} According to various cmbodiments, the graphics processor may include or
may be or may be inchided in a graphics processing unit.

{8053} According to various embodiments, the graphics output may be the output of a
graphics card.

LHIREH According to various embodiments, the graphics card may include the
graphics processor,

HHERY FIG. 4 shows a computing system 400 in accordance with an embodiment.
The computing system 400 may, stmilar to the computing system 300 of FIG. 3, include a
cireuit 302 configured to operate at a plurality of operation frequencies. The computing
systent 400 may, similar to the computing system 300 of FIG. 3, further include a
storage 304 configured to siore a pre-determined frequency value for a pre-determined
application. The computing system 400 may, similar to the computing system 300 of
FIG. 3, further include a frequency setter 306 confizured to set the pre-determined
frequency as an operation frequency of the circuit 302 if the pre-determined application is
executed by the computing system. The computing system 400 may further include a
program close determiner 402, Like will be described in more detail below. The circuit

302, the storage 304, the frequency setter 306, and the program close determiner 402 may
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be connected via a connection 404 (or a plurality of separate comnections), for example an
electrical or optical connection, for example any kind of cable or bus.

{0856] According to various embodiments, the program close determiner 402 may be
configured to determine from programs presently executed by the computing system 400
a program 10 be closed.

{0057} According to various embodiments, the program close determiner 402 may
further be configured to determine the program to be closed so that the operation
frequency fulfils a pre-determined frequency criterion.

{0058] According to various embodiments, the storage 304 may further be configured
to store an application specific frequency value for each of a plurality of applications.
{6059] According to various embodiments, the frequency setter 306 may further be
configured 1o set, if more than one application is executed, a frequency based on the more
than one application specific frequency values of the more than one application as an
operation frequency of the circuit 302,

{068} According to various emsbodiments, the frequency setter 306 may further be
configured Yo set, il more than one application is executed, a sum of the more than one
application specific frequency values of the yoore than ove application as an operation
frequency of the eircuit 302,

0611 According to various embodiments, the frequency setter 306 may further be
configured to set, if more than one application is executed, a maximum value of the more
than one application specific frequency values of the more than one application as an
operation frequency of the cireuit 302,

{06621 FIG. 5 shows a computing system 500 in accordance with an embodiment.
The computing system 500 may include a processor 502 configured to operale at 2
plurality of operation frequencies. The computing system 300 may further include a
power source 304 configured to provide power to the processor 502. The computing
system 500 may further include a power measurement circuit 506 configured to measure
the power provided by the power source 504. The computing system 300 may further
include a frequency setter 508 configured to set an operation frequency of the processor

based on the measured power. The processor 502, the power source 504, the power
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measurement cireuit 506, and the frequency setter 508 may be connected via a connection
510 (or & plurality of separate connections), for example an electrical or optical
connection, for example any kind of cable or bus.

{30631 According to various embodiments, the processor S02 may include or may be
or may be ncluded in a contral processing unit.

{064 According to various embodiments, the frequency setter 508 may further be
configured to set an operation frequency of the circuit based on an application executed
by the computing system 500,

{08065} FIG. 6 shows a computing system 600 In accordance with an embodiment.
The computing systern 600 may, similar to the computing system 500 of FIG. 5, include a
processor 502 configured to operate at a plurality of operation frequencies. The
computing system 600 may, similar to the computing system 500 of FIG. S, further
inclode a power source 504 configured to provide power to the processor 502. The
computing system 600 may, similar to the computing system 500 of FIG. S, further
include a power measurement circnit 306 configured to messure the power provided by
the power source 504. The computing system 600 may, similar to the computing system
500 of FIG. 5, further include a frequency setter SOR configured to set an operation
frequency of the processor based on the measured power. The compuiing system 600
may further include a program close determiner 602, The processor 502, the power
source 504, the power measurement circuit 506, the frequency setter 508, and the
program close determiner 602 may be connected via a connection 634 (or a plurality of
separate connections), for example an electrical or optical connection, for example any
kind of cable or bus.

{6066} According to various embodiments, the program close determiner 602 may be
configured to determine from programs presently executed by the computing system 600
a program to be closed.

{60671 According to various embodiments, the program close determiner 602 may
further be configured to determine the program to be closed so that the measured power

FASIE 3 et

fullils a pre-determined power criterion.
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{0068] According to various embodiments, the program close determiner 602 may
further be configured to determine the program to be closed so that the operation
frequency fultils a pre-determined frequency criterion.

{0069) FIG. 7 shows a flow diagram 700 illustrating a method for controlling a
computing system in accordance with an embodiment. In 702, a circuit configured to
operate at a plurality of operation frequencies may be controlled. In 704, a graphics
output confipured to output image data for display may be controlled. In 706, a frame rate
of the graphics output may be determined. In 708, an operation frequency of the circuit
may be set based on the determined frame rate,

{06701 According to various erabodiments, the circuit may include or may be or may
be incladed in a processor.

{0671} According to various emnbodiments, the processor may include or may be or
may be included in a central processing unit.

{80721 According 1o various embodiments, the circuit may include or may be or may
be mcluded in a graphies processor,

{3073 According to various embodiments, the graphics processor may include or
may be or may be included in a graphics processing anit.

{06074} According to various embodiments, the graphics output may be the output of a
graphics card.

[0475] According to various embodiments, the pgraphics card may include the
graphics processor.

{6076} According to various embodiments, the operation frequency of the circuit niay
be increased if the determined frame rate is below & pre-determined first threshold.

{0677} According to various embodiments, the operation frequency of the circuit may
be decreased if the determined frame rate is above a pre-determined second threshold.
{0078) According to various embodiments, the first threshold may be lower than the
second threshold.

16679] According to various embodiments, an operation frequency of the circuit may

be set based on an application excauted by the computing sysiem,

i1
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{0080} According to various embodiments, a program to be closed may be
cetermined from programs presently executed by the computing system,

{6081} According to various embodiments, the program to be closed may be
determined so that the determined frame rate fulfils a pre-determined frame-rate criterion,
{60821 According to various embodiments, the program to be closed may be
determined o that the operation frequency fulfils a pre-deternuned frequency criterion.
{0083} FIG. 8 shows a flow diagram 800 illustrating a method for controlling a
computing system in accordance with an embodiment. In 802, & circuit configured to
operate at a plurality of operation frequencies may be controlled. In 804, a pre-
deterniined frequency value may be stored for a pre-determined application. In 806, the
pre-deternyined frequency may be set as an operation frequency of the circuit if the pre-
determined application is executed by the computing system.

10084} According to various entbodiments, the circuit may include or may be or may
be included in a processor.

{3085] According to various embadiroents, the processor may include or may be or
may be included in a central processing umit.

{086} According to vartous embodiments, the civcuit may include or may be or may
be included 11 & graphics processor.

[B087] According to various embodiments, the graphics processor may include or
may be or may be included in a graphics processing unit,

{0088} According to various embodiments, the graphics output may be the owtput of a
graphics card.

{0689} According to various embodiments, the graphics card may include the
graphics processor,

{06948} According to various embodiments, a program to be closed may be
determined from programs presently executed by the computing system.

{6091} According to vartous embodiments, the program to be closed may be
determined so that the operation frequency fulfils a pre-determined frequency criterion.
{6092} According to various embodiments, an application specific frequency value

may be stored for each of a plurality of applications.

o
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{0093} According to various embodiments, if more than one application is executed, a
frequency based on the more than one application specific frequency values of the more
than one applhication may be set as an operation frequency of the circuit

{6094} According to various embodiments, if more than one application is executed, a
sum of the more than one application specific frequency values of the more than one
application may be set as an Qperatioﬁ frequency of the circuit,

{8095] According to various embodiments, 1f more than one application is executed, a
maximum value of the more than one application specific frequency values of the more
than one application may be set as an operation frequency of the circwt.

{6096} FIG. © shows a flow diagram 900 illusirating a method for controlling a
computing system in accordance with an embodiment, In 902, a processor configured to
operate at a plurality of operation {requencies may be controlled. In 904, a power source
configured to provide power to the processor may be controlled. In 906, the power
provided by the power source may be measured. In 908, an operation frequency of the
processor may be set based on the measured power.

{0097 According to various embodiments, the processor may include or may be or
may be inchuded in a central processing unit.

{8098} According to various embodiments, an operation frequency of the circuit may
be set based on an application executed by the computing system.

{8099 According to vatious embodiments, a program to be closed may be
determined from programs presently executed by the computing system.

{00186] According to various embodiments, the program to be closed may be
determuned so that the measured power fulfils a pre-determined power criterion.

{00108} According to various embodiments, the program to be closed may be
determined so that the operation frequency fulfils a pre-determined frequency criterion.
{00102)  According to various embodiments, devices and methods may be provided for
reducing power consumption of a computer while maintaining performance while
runmng an application,

{60183]  According to various embodiments, full performance of the system may be

refained within a specific application - which may prevent disabling other functionality,

13



WO 2014/062157 PCT/US2012/060325

such as Wireless LAN (wireless local area network; for example WIFI) cards, dimming
video displays and otherwise turning off or reducing functionality of other components
that would be noticed by the user.

{00104] The load on the CPU may generally be not at a maximom when running a
graphically intensive game and the capping of the maximum allowable frequency of
operation may have no impact on gameplay or frames per second. This may be game
dependent, and may require either a conservative approach (that may still allow a fairly
bigh clock speed) or a selective approach that may determine the best CPU clock
frequency to avoid mnpacting the user experience,

{00105 According to various embodiments, a conservative approach may be to cap
the CPU frequency at a point that prevents the maximum power of the CPU from
exceeding a set point which allows the GPU and other system components to operate
unimpeded and to still maintain a constant discharge rate below the maximum of the
battery. This may provide the user with a gaming experience akin to that of the system
when on AC {alternating current) power (where the power himits of the battery may not
apply).

{00106] This “conservative” control mechanism may be implemented by the
Embedded controller. First, by measuring battery cwrrent with the EC by reading smart
battery pack data through SMBus (Systemn Management Bus), or by using an analog to
digital converter (ADC) across a low impedance sense resistor, the system may determine
whether 1t is desired to reduce power consumption. Then, the EC may send a comumand
through ACPI (Advanced Configuration and Power Interface) to the CPU, telling i to
recuce the wmaximum frequeney of operation to an experimentally pre-determined value.
{00367 There may be additional benefit to the user if a more selective approach is
used. This benefit may be the reduction of power consumption of the system, permitting a
longer battery life and longer gameplay for the user. This selective approach may be able
to reduce the maximum clock frequency of the CPU intellipently, such that the user
experience and FPS may not be affectad.

{00168 This value may be application dependent, and there may be certain games that

may tolerate an extremely low CPU bandwidth and may not have impact on gameplay.
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According to various embodiments, at least one of the two “selective” approaches
described below may be provided.

100109]  The fust “selective™ approach may mvolve running a program at the
application layer of the Operating System (OS) and tracking which game processes are
runining or which game executables have been started, Based on a library or whitelist, the
application may then either inform the EC of the optimal maximum frequency of
operation of the CPU, or may otherwise directly reduce the maximum frequency itself,
{00110 The second “selective” approach way involve experimentally reducing the
CPU frequency and measuring quantitative user experience metries {such as frames per
second). After reducing the CPU frequency, if a significant FPS reduction is detected, the
CPU maximum may be removed or raised. The mechanism to reduce the CPU frequency
may be the same as in the first selective approach - either by informing the EC or direct
CPU maximum frequency reduction,

{00111]  While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skifled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the nvention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced,
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CLAIMS

I. A computing system comprising:
a circuit configured to operate at a plurality of operation frequencies;
a graphics output configured to output image data for display;
a rate determiner configured to determine a frame rate of the graphics output; and
a frequency setter configured to set an operation frequency of the circuit based on

the determined frame rate.

2. The computing system of claim 1,
wherein the {requency setter is further configured to increase the operation
frequency of the circuit if the determined frame rate is below a pre-determined first

threshold.

3. The computing system of claim 1,
wherein the frequency setter is further configured to decrease the operation
frequency of the circuit if the determined frame rate is above a pre-determined second

threshold,

4, The computing system of claims 2,

wherein the frequency setter is further configured to decrease the operation
frequency of the circuit if the determined frame rate is above a pre-determined second
threshold: and

wherein the first threshold is lower than the second threshold.

Sy

A compuling system comprising:
a circuit configured to operate at a plurality of operation frequencies;
a storage configured to store a pre-determined frequency value for a pre-

determined application; and

i6
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a freguency setter configured to set the pre-determined frequency as an operation
frequency of the circuit if the pre-determined application is executed by the computing

system,

53 The computing system of claim §,
wherein the storage is further configured 10 store an application specific frequency

value for each of a plurality of applications.

7. The computing system of claim 6,

wherein the frequency setter is fuwther configured to set, if more than one
application is exccuted, a frequency based on the more than one application specific
frequency values of the more than one application as an operstion frequency of the

cirenit.

8. The computing system of claim 6,
wherein the frequency setter is further configured to set, if more than one
application is executed, a sum of the more than one application specific frequency values

of the more than one application as an operation frequency of the circuir,

9, The computing system of claim 6,

wherein the frequency setter is further configwred to set, if more than one
application is executed, a maximum value of the more than one application specific
frequency values of the more than one application as an operation frequency of the

circuit.

10, A computing system, comprising;
a processor configured to operate at a plurality of operation frequencies;
a power source configured to provide power to the processor;
a power measurement cireut! configured to measure the power provided by the

POWEY SOUree; and
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a frequency setier configured to set an operation frequency of the processor based

on the measured power.

1. Amethod {or controlling a computing system, the method comprising:
controlling & circuit configured to operate at a plurality of operation frequencies;
controlling a graphics output configured to output image data for display;
determining a frame rate of the graphics ouiput; and

setting an operation frequency of the circuit based on the determined frame rate.

v

The method of clatm 1], further comprising:
increasing the operation frequency of the circuit if the determined frame rate is

below a pre-determined first threshold,

13. The method of claim 11, further comprising:
decreasing the operation frequency of the circuit if the determined frame rate is

above a pre-determined second threshold.

14, The method of claim 12, further comprising:
decreasing the operation frequency of the circuit if the determined frame rate is
above a pre-determined second threshold;

wherein the first threshold 1s lower than the second threshold.

15. A method for controlling a computing system, the method comprising:
controliing a circuit configured to operate at a plurality of operation frequencies;
storing a pre-determined frequency value for a pre-determined application; and
setting the pre-determined frequency as an operation frequency of the circuit if the

pre~-determined application is executed by the computing system,

16. The method of claim 15, further comprising:
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storing an application specific frequency value for each of a plurality of

applications,

17, The method of claim 186,
wherein, i more than one application is executed, a frequency based on the more
than one application specific frequency values of the more than one application is set as

an eperation {frequency of the cireuit.

18, The method of ¢laim 16,
wherein, if more than one application is executed, a sum of the more than one
application specific {requency values of the more than one application is set as an

operation frequency of the circuit.

19, The method of claim 186,
wherein, 1 more than one application is executed, a maximam value of the more
than one application specific frequency values of the more than one application is set as

an operation frequency of the circuwit,

20. A method for controlling a computing system, the method comprising:
controlling a processor configured to operate at a plurality of operation
frequencies;
controliing a power source configured to provide power to the processor;
measuring the power provided by the power source; and

setiing an operation frequency of the processor based on the measured power.
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