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(54) DYNAMIC RENDERING OF GRAPHICS

(57) In accordance with an example aspect of the
present invention, there is provided an apparatus com-
prising at least one processing core configured to render
a dynamic graphical output, the graphical output com-
prising at least a first subsection and a second subsec-
tion, rank the first subsection relative to the second sub-

section based on at least one criterion, determine a scar-
city of computational resources, and responsively, based
on the ranking, reduce an update frequency of the second
subsection, and a transmitter configured to provide infor-
mation defining the graphical output toward a display
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Description

FIELD OF INVENTION

[0001] The present invention relates to dynamically
controlling rendering of graphics.

BACKGROUND OF INVENTION

[0002] Computer graphics may be generated using
general-purpose processors and/or specialized graphics
processors. In a general-purpose example, a general-
purpose computer may be operably connected to a dis-
play, such as for example a flat-screen monitor, and ar-
ranged to execute a program based on which the proc-
essor of the general-purpose computer may render a
graphical output. The rendered graphical output may be
provided from the processor to the display, the display
being arranged to act on the graphical output to produce
an image that may be sensed visually by humans.
[0003] In an example that uses a specialized graphics
processor, a main processor may direct the graphics
processor to perform certain mathematical tasks needed
in rendering the graphical output. The graphics processor
may thus function under the direction of the general-pur-
pose main processor. The graphics processor may be
designed to be effective in performing the type of math-
ematical tasks typical in graphics rendering, in effect sav-
ing computational resources in the main processor which
can execute other tasks while the graphics processor, at
least in part, performs the rendering.
[0004] A computer, such as for example a laptop com-
puter or desktop computer, may be arranged to function
using a single main processor, or alternatively using a
combination of a main processor and a graphics proces-
sor. A user may decide whether a computer with a sep-
arate graphics processor is necessary, for example in
spread sheet use graphics performance is not central,
whereas computer-aided design, CAD, may benefit from
good graphics performance provided by a separate
graphics processor.
[0005] Embedded devices may be engineered to pro-
vide a graphics performance level considered suitable
for the task, for example a compact disk, CD, player may
display which track is playing, which requires only very
modest graphics performance, while a gaming console
requires far more extensive graphics performance. Di-
mensioning graphics performance for embedded devic-
es therefore may require use of judgement.
[0006] Examples of embedded devices include mobile
devices, such as personal health monitors, smartphones,
smart watches and laptops, as well as embedded graph-
ical systems in cars. In addition to, or alternatively to,
general purpose processors and graphics processors,
embedded devices may comprise proprietary proces-
sors.

SUMMARY OF THE INVENTION

[0007] The invention is defined by the features of claim
1. Some specific embodiments are defined in the de-
pendent claims.
[0008] In accordance with a first aspect of the present
invention, there is provided an apparatus comprising at
least one processing core configured to render a dynamic
graphical output, the graphical output comprising at least
a first subsection and a second subsection, rank the first
subsection relative to the second subsection based on
at least one criterion, determine a scarcity of computa-
tional resources, and responsively, based on the ranking,
reduce an update frequency of the second subsection,
and a transmitter configured to provide information de-
fining the graphical output toward a display.
[0009] Various embodiments of the first aspect may
comprise at least one feature from the following bulleted
list:

• the criterion is relevance to safety

• the graphical output comprises information concern-
ing a current state of at least one of: an automobile
system, an aircraft system, an industrial machine
and a power generation plant

• the graphical output comprises information concern-
ing at least one of: a communication session, a media
playback session, a broadcast session, a user ses-
sion, map information, a battery level, a velocity in-
dication, an altitude indication and an industrial proc-
ess indication

• the criterion is at least one of a characteristic times-
cale and a priority

• the first subsection has a shorter characteristic
timescale than the second subsection

• the first subsection comprises a digital instrument
display and the second subsection indicates at least
one of: remaining fuel, remaining distance to main-
tenance and oil pressure

• the digital instrument display indicates at least one
of: velocity of a car, velocity of an aircraft and engine
revolutions per time unit

• the determining of the scarcity of computational re-
sources is based on at least one of a thermal limit,
an overload condition, a determined lag and a quan-
tity of interrupts

• causing the first subsection to be rendered at a high-
er update frequency than the second subsection
comprises keeping an update frequency of the first
subsection constant and lowering an update fre-
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quency of the second subsection

• the apparatus is configured to set an update frequen-
cy of the first subsection to a predefined minimum
update frequency, and subsequently select the re-
duced update frequency for the second subsection
based on computational resources then remaining

• the at least one processing core is further configured
to adjust, in real time, the ranking of the first subsec-
tion relative to the second subsection based at least
in part on an operating condition

• responsive to the scarcity, the apparatus is config-
ured to begin rendering at least one of the first sub-
sections and the second subsection in at least one
of a smaller size, a reduced detail level and a reduced
quality level than before the scarcity

[0010] In accordance with a second aspect of the
present invention, there is provided a method comprising
rendering a dynamic graphical output, the graphical out-
put comprising at least a first subsection and a second
subsection, ranking the first subsection relative to the
second subsection based on at least one criterion, de-
termining a scarcity of computational resources, and re-
sponsively, based on the ranking, reducing an update
frequency of the second subsection, and providing infor-
mation defining the graphical output.
[0011] Various embodiments of the second aspect
may comprise at least one feature corresponding to a
feature from the preceding bulleted list laid out in con-
nection with the first aspect.
[0012] In accordance with a third aspect of the present
invention, there is provided an apparatus comprising
means for rendering a dynamic graphical output, the
graphical output comprising at least a first subsection
and a second subsection, means for ranking the first sub-
section relative to the second subsection based on at
least one criterion, means for determining a scarcity of
computational resources, and responsively, based on
the ranking, reducing an update frequency of the second
subsection, and means for providing information defining
the graphical output.
[0013] In accordance with a fourth aspect of the
present invention, there is provided a non-transitory com-
puter readable medium having stored thereon a set of
computer readable instructions that, when executed by
at least one processor, cause an apparatus to at least
render a dynamic graphical output, the graphical output
comprising at least a first subsection and a second sub-
section, rank the first subsection relative to the second
subsection based on at least one criterion, determine a
scarcity of computational resources, and responsively,
based on the ranking, reduce an update frequency of the
second subsection, and provide information defining the
graphical output.
[0014] In accordance with a fifth aspect of the present

invention, there is provided a computer program config-
ured to cause a method in accordance with the second
aspect, or embodiments thereof, to be performed.

Industrial Applicability

[0015] At least some embodiments of the present in-
vention find industrial application in increasing efficiency
and/or safety of vehicles and/or industrial processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIGURE 1 illustrates an example system capable of
supporting at least some embodiments of the
present invention;

FIGURE 2 illustrates an example use case in accord-
ance with at least some embodiments of the present
invention;

FIGURE 3 illustrates an example apparatus capable
of supporting at least some embodiments of the
present invention;

FIGURE 4 is a first flow chart of a first method in
accordance with at least some embodiments of the
present invention;

FIGURE 5 is a second flow chart of a second method
in accordance with at least some embodiments of
the present invention, and

FIGURE 6 is a third flow chart of a third method in
accordance with at least some embodiments of the
present invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0017] The amount of available computational resourc-
es may vary depending on various factors, which may
include thermal conditions, a radiation environment and
processor load. In case computational resources be-
come scarce, prioritizing use of the computational re-
sources can be performed to maintain at least tasks that
are relevant to safety, for example a frame rate of a ren-
dered graphical indicator may be maintained, while other
processes may be slowed down to conserve computa-
tional resources.
[0018] FIGURE 1 illustrates an example system capa-
ble of supporting at least some embodiments of the
present invention. The system of FIGURE 1 comprises
a display 120, which may comprise, for example, a light
emitting diode, LED, or organic LED, OLED, display. Al-
ternatively, display 120 may comprise a cathode ray tube,
CRT, or other kind of display. Display 120 is communi-
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catively coupled to device 110, which may comprise, for
example, a control device or display controller. Device
110 may in some embodiments be integrated with display
120 in one physical apparatus.
[0019] Device 110 may be configured to control display
120 by providing to display 120 a video signal to direct
the functioning of display 120. The video signal may be
in a suitable format that device 110 is arranged to pro-
duce, and display 120 is arranged to act on. For example,
device 110 may direct display 120 to display status in-
formation. The connection between device 110 and dis-
play 120 may comprise a red-green-blue, RGB, or high-
definition multimedia interface, HDMI, interface, for ex-
ample.
[0020] Device 110 is in the example of FIGURE 1 con-
figured to receive information from information sources
140, 150 and 160 via at least one connection arranged
between device 110 and the information sources. A first
example of a suitable information source is an engine
that is configured to inform device 110 concerning a
speed at which the engine is running. A running speed
may be expressed as revolutions per minute, for exam-
ple, or as a percentage of a maximum run rate. A second
example of a suitable information source is a fuel tank
sensor configured to inform device 110 concerning an
amount of fuel remaining in a fuel tank. The amount may
be expressed as a percentage of maximum, for example.
A third example of a suitable information source is a sen-
sor configured to inform device 110 of an altitude at which
an aircraft housing the system of FIGURE 1 is flying. A
fourth example of a suitable information source is a sen-
sor configured to inform device 110 of a remaining charge
in a battery, such as battery 130. The remaining charge
may be expressed as a percentage of a maximum
charge, for example. A fifth example of a suitable infor-
mation source is a music player program or device, con-
figured to provide device 110 with an image associated
with a music track being played. A sixth example of a
suitable information source is a nuclear reactor coolant
pressure sensor, configured to provide device 110 with
a value of a current pressure prevailing in a coolant circuit
of a nuclear reactor.
[0021] A seventh example of a suitable information
source is a satellite positioning receiver configured to pro-
vide device 110 with information relating to a current lo-
cation of the system illustrated in FIGURE 1. Device 110
may responsively provide to display 120 a video signal
comprising a map with the current location indicated.
[0022] Optional battery 130 may be configured to pow-
er at least one of device 110, display 120, information
source 140, information source 150 and information
source 160. When present, the battery may comprise a
lithium-ion or lead battery, for example. In embodiments
without battery 130, the system may be powered from a
power source not present in FIGURE 1, such as for ex-
ample a different battery, a stable power source or an
engine.
[0023] Device 110 may comprise at least one proces-

sor, such as for example a general-purpose processor
or graphics processor. The processor may comprise, or
be comprised as, at least one processing core. A graphics
processor may comprise, or be comprised as a graphics
processing core. The at least one processor may be of
a proprietary type.
[0024] Device 110, or at least one processor com-
prised therein, may be configured to render a graphical
output for display 120. Rendering a graphical output may
comprise, for example, calculating, based at least in part
on input received from at least one information source,
a visual representation for displaying via display 120. The
graphical output may be determined based at least in
part on a program stored in a memory 112 that is acces-
sible to device 110, for example by being comprised in
device 110. The graphical output may be communicated
to display 120 encoded in a video signal between device
110 and display 120, for example. The graphical output
may comprise a video signal for controlling a single phys-
ical display 120.
[0025] Device 110 may be configured to render the
graphical output for display 120 so that it comprises sub-
sections, for example at least two subsections. In some
embodiments the graphical output consists entirely of
subsections, while in other embodiments the graphical
output comprises content that is not comprised in any
subsection.
[0026] Contents of memory 112 are schematically il-
lustrated as 112’ in FIGURE 1. Comprised therein is sub-
section definition 112a, and subsection definition 112b.
Subsection definition 112a may contain information de-
fining a first subsection, for example subsection definition
112a may describe a visual outlook of the first subsection,
so that device 110 may derive the graphical form of the
first subsection using an information source associated
with the first subsection and subsection definition 112a.
For example, subsection definition 112a may comprise
a visual form of a speedometer, so that device 110 can
use it and a speed indication from information source
140, comprising a sensor, to render a graphical image
of a speedometer with a needle indicating the current
speed.
[0027] Likewise, subsection definition 112b may con-
tain information defining a second subsection, for exam-
ple subsection definition 112b may describe a visual out-
look of the second subsection, so that device 110 may
derive the graphical form of the second subsection using
an information source associated with the second sub-
section and subsection definition 112b. For example,
subsection definition 112b may comprise a visual form
of a fuel gauge, so that device 110 can use it and a re-
maining fuel indication from a fuel sensor to render a
graphical image of a fuel gauge indicating the current
amount of remaining fuel.
[0028] In general, a subsection definition may com-
prise at least one of: a description of a visual outlook of
the subsection, a target frame rate, a minimum frame
rate, a priority, a characteristic timescale and an indica-
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tion whether the subsection is relevant to safety.
[0029] Once rendering is done, the rendered graphical
output may be completed and provided to display 120.
In rendering, part of the content of the graphical output
may be calculated and part retrieved from a memory, or
alternatively the entire content may be calculated. The
number of subsections may be different from two, for
example there may be three, or seven, subsections. In
some embodiments, each subsection is associated with
an information source. The rendering may be a continu-
ous process in that device 110 may provide video feed
to display 120, that is, device 110 may continually render
the graphical output based at least in part on input from
information sources, modifying the graphical output in
real time responsive to changes in information received
from the information sources. By continually rendering it
may be meant that device 110 provides a new version
of the graphical output to display 120 at the refresh fre-
quency of display 120.
[0030] Computational resources in device 110 availa-
ble for rendering may change. Device 110 may have a
baseline amount of computational resources, which may
be defined, for example, by the number and type of proc-
essors or processing cores of device 110, and the clock
frequency or frequencies at which they are run. The
amount of resources available for rendering the graphical
output may change during use. Possible reasons for a
change in the amount of resources available for render-
ing include an increase in an amount of computational
resources consumed in other processes running in de-
vice 110, and a heat condition of device 110. A heat con-
dition may cause that at least one clock frequency of at
least one processor or processing core of device 110 is
lowered, to prevent physical damage from occurring to
the processor or processing core. For example, in case
device 110 is comprised in an engine compartment, the
engine compartment may heat up from waste heat gen-
erated by an engine. Computing using processors also
produces waste heat in itself. A temperature sensor may
be configured to provide a signal to trigger lowering a
clock frequency, for example a master clock frequency.
Such a temperature sensor may be comprised in device
110, for example.
[0031] A condition where available computational re-
sources are insufficient to render the entire graphical out-
put at a normal rate may be referred to as a scarcity of
computational resources. A normal rate, in this regard,
may be a default frame rate of the graphical output. In
case subsections comprised in the graphical output have
different default frame rates defined in respective sub-
section definitions, a normal rate may be considered a
state where each subsection is rendered at its respective
default frame rate. A scarcity of computational resources
may also be defined as a condition where available com-
putational resources are insufficient to render the graph-
ical output at the current frame rate, or where subsections
are being rendered at different frame rates, at the current
frame rates.

[0032] Responsive to determining a scarcity of com-
putational resources, device 110 may be configured to
modify at least one frame rate of at least one subsection
comprised in the graphical output. For example, device
110 may consult subsection definitions stored in memory
112 to find out which subsections are not relevant to safe-
ty, and to lower the frame rates for these non-safety re-
lated subsections. For example, in a car, a speedometer
may be described as related to safety, while a visual rep-
resentation of a media player, such as a mp3 player,
would not be relevant to safety. Thus in case of scarcity
of computational resources, device 110 may lower a
frame rate of a subsection associated with the media
player while keeping the frame rate of the subsection
displaying the speedometer unchanged. Device 110
may, optionally, provide in the graphical output provided
to display 120 an indication of the scarcity to allow a user
to understand why the frame rate of at least one of the
subsections is lowered.
[0033] In some embodiments, device 110 is configured
to lower a frame rate of at least one subsection related
to safety to a lower bound defined in the subsection def-
inition of this subsection. For example, a safety-related
subsection may have defined in its subsection definition
that its default frame rate is 60 frames per second, but
that 50 frames per second is still acceptable. Device 110
may in case of computational resource scarcity lower the
frame rate of this subsection to 50 frames per second.
In general, responsive to computational resource scar-
city device 110 may be configured to lower the frame
rates of subsections related to safety to the lower bounds
defined in the respective subsection definitions. The
frame rates of other, non-safety related, subsections may
be lowered to whatever rate can still be supported with
computational resources left over from rendering the
safety related subsections.
[0034] In case the computational resource scarcity is
so limiting that, even if subsections not related to safety
have their frame rates set to zero, still the subsections
related to safety cannot be rendered at their respective
lower bounds, device 110 may be configured to re-scale
the subsections related to safety so they appear smaller
on display 120, as reduced size versions of the subsec-
tions may require less computational resources to
render. Alternatively or additionally to reducing size, a
reduced detail level and a reduced quality level may be
adopted responsive to the determination of scarcity of
computational resources. A reduced detail level may
comprise presenting a more rudimentary indication, such
as for example omitting ornamental aspects from the ren-
dering. A reduced quality level may comprise rendering
the subsection as if it had a lower resolution.
[0035] In general, subsections may be ranked accord-
ing to a criterion which need not be relevance to safety,
for example a characteristic timescale can alternatively,
or additionally, be used to rank the subsections for frame
rate adjustment. Subsections that relate to phenomena
with longer characteristic timescales may perform ade-
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quately at lower frame rates, for example a subsection
that relates to displaying maintenance cycles of equip-
ment may have a substantially longer characteristic
timescale than a subsection that relates to fluctuations
in a steam pressure in a power generating plant. Accord-
ingly, device 110 may be configured to lower frame rates
of subsections with longer characteristic timescales, and
keep frame rates of subsections with shorter character-
istic timescales unchanged in case of scarcity of compu-
tational resources.
[0036] In general, lowering an updating frequency of a
subsectionmay comprise providing to display 120 an in-
dication that display 120 is to re-use a previous frame as
a current frame. Updating may comprise rendering,
wherein rendering may comprise computational opera-
tions that consume significant computational resources.
Re-using, at least in part, a previous frame conserves
computational resources by omitting, at least in part,
these computational operations. Re-using a previous
frame as a current frame may comprise re-using the pre-
vious frame in part. Rendering may be performed over
more than one frame of the frame rate, wherein parts of
a subsection may be re-used from a previous frame and
the rest may have been rendered anew. For example,
where an updating frequency of display 120 is 60 Hz and
a frame rate of a subsection is reduced from 60 Hz to 15
Hz, display 120 may be instructed to display a subsection
frame received from device 110 four times on consecu-
tive refreshes. Alternatively, lowering an updating fre-
quency of a subsectionmay comprise buffering a sub-
section frame in a memory accessible to device 110, and
subsequently providing the subsection frame from the
buffer as a current subsection frame instead of rendering
a new frame. Frames of subsections whose updating fre-
quency is not lowered would still be rendered each time.
For example, when reducing a frame rate from 60 Hz to
15 Hz, device 110 could in this case initially render a
subsection frame and provide it to display 120 as a cur-
rent frame, and store the subsection frame in the mem-
ory. The subsection frame can then be provided from the
memory three times as a current frame. Frames of sub-
sections running at 60Hz would still be rendered anew
each time.
[0037] Each subsection may be rendered based on at
least one scene graph, such that the at least one scene
graph does not affect the rendering of any other subsec-
tion. A scene graph may comprise, for example, data
structure having a tree structure. This facilitates, or even
enables, setting an update frequency of the subsection
independently of other subsections, since a scene graph
may comprise dependencies which would make it more
difficult to modify an updating frequency of only part of a
scene graph.
[0038] FIGURE 2 illustrates an example use case in
accordance with at least some embodiments of the
present invention. FIGURE 2 is an example view of dis-
play 120 of FIGURE 1. In FIGURE 2 are identified two
subsections, a speedometer subsection on the left, which

is indicated as having a frame rate of 60 frames per sec-
ond, and a media playback subsection in the center part
of the figure, having a frame rate of 30 frames per second,
FPS. The indicated frame rates may be default frame
rates of the respective subsections, for example, defined
in subsection definitions.
[0039] FIGURE 3 illustrates an example apparatus ca-
pable of supporting at least some embodiments of the
present invention. Illustrated is device 300, which may
comprise, for example, device 110 of FIGURE 1. Com-
prised in device 300 is processor 310, which may com-
prise, for example, a single- or multi-core processor
wherein a single-core processor comprises one process-
ing core and a multi-core processor comprises more than
one processing core. Processor 310 may comprise a
Qualcomm Snapdragon 800 processor, for example.
Processor 310 may comprise more than one processor.
A processing core may comprise, for example, a Cortex-
A8 processing core manufactured by ARM Holdings or
a Brisbane processing core produced by Advanced Micro
Devices Corporation. Processor 310 may comprise at
least one Qualcomm Snapdragon and/or Intel Atom proc-
essor. Processor 310 may comprise at least one appli-
cation-specific integrated circuit, ASIC. Processor 310
may comprise at least one field-programmable gate ar-
ray, FPGA. Processor 310 may be means for performing
method steps in device 300. Processor 310 may be con-
figured, at least in part by computer instructions, to per-
form actions.
[0040] Device 300 may comprise memory 320. Mem-
ory 320 may comprise random-access memory and/or
permanent memory. Memory 320 may comprise at least
one RAM chip. Memory 320 may comprise magnetic,
optical and/or holographic memory, for example. Mem-
ory 320 may be at least in part accessible to processor
310. Memory 320 may be means for storing information.
Memory 320 may comprise computer instructions that
processor 310 is configured to execute. When computer
instructions configured to cause processor 310 to per-
form certain actions are stored in memory 320, and de-
vice 300 overall is configured to run under the direction
of processor 310 using computer instructions from mem-
ory 320, processor 310 and/or its at least one processing
core may be considered to be configured to perform said
certain actions.
[0041] Device 300 may comprise a transmitter 330.
Device 300 may comprise a receiver 340. Transmitter
330 and receiver 340 may be configured to transmit and
receive, respectively, information in accordance with at
least one standard. Transmitter 330 may comprise more
than one transmitter. Receiver 340 may comprise more
than one receiver. Transmitter 330 and/or receiver 340
may be configured to operate in accordance with Ether-
net, parallel bus and/or serial bus standards, for example.
[0042] Device 300 may comprise user interface, UI,
360. UI 360 may comprise at least one of a display, a
keyboard, a touchscreen, a physical controller, an exter-
nal physical controller, an interface for an external phys-
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ical controller, a vibrator arranged to signal to a user by
causing device 300 to vibrate, a speaker and a micro-
phone. A user may be able to operate device 300 via UI
360, for example to configure device 300 or interact with
further devices via device 300.
[0043] Processor 310 may be furnished with a trans-
mitter arranged to output information from processor 310,
via electrical leads internal to device 300, to other devices
comprised in device 300. Such a transmitter may com-
prise a serial bus transmitter arranged to, for example,
output information via at least one electrical lead to mem-
ory 320 for storage therein. Alternatively to a serial bus,
the transmitter may comprise a parallel bus transmitter.
Likewise processor 310 may comprise a receiver ar-
ranged to receive information in processor 310, via elec-
trical leads internal to device 300, from other devices
comprised in device 300. Such a receiver may comprise
a serial bus receiver arranged to, for example, receive
information via at least one electrical lead from receiver
340 for processing in processor 310. Alternatively to a
serial bus, the receiver may comprise a parallel bus re-
ceiver.
[0044] Device 300 may comprise further devices not
illustrated in FIGURE 3. Processor 310, memory 320,
transmitter 330, receiver 340 and/or UI 360 may be in-
terconnected by electrical leads internal to device 300 in
a multitude of different ways. For example, each of the
aforementioned devices may be separately connected
to a master bus internal to device 300, to allow for the
devices to exchange information. However, as the skilled
person will appreciate, this is only one example and de-
pending on the embodiment various ways of intercon-
necting at least two of the aforementioned devices may
be selected without departing from the scope of the
present invention.
[0045] FIGURE 4 is a first flow chart of a first method
in accordance with at least some embodiments of the
present invention. The phases of the illustrated method
may be performed in device 110, for example, or in a
control device configured to control the functioning of de-
vice 110, when implanted therein.
[0046] Phase 410 comprises rendering a graphical
output at a normal rate. What is meant by normal rate is
described above. In phase 420 it is determined, if a scar-
city of computational resources is in effect. As described
above, such a scarcity may be due to processing load
from other tasks, or an overheat situation, for example.
In case no scarcity is detected, processing returns to
phase 410. In case a scarcity is determined to exist,
processing advances to phase 430. The check of phase
420 may be performed periodically, for example every
10 milliseconds, or the check of phase 420 may be trig-
gered by a processing load of a processor or processing
core reaching a predetermined threshold, such as for ex-
ample 95% of maximum capacity. In phase 430, the sys-
tem reacts to the determined scarcity by lowering an up-
dating frequency of at least one subsection that is not
related to safety. Whether subsections are related to

safety may be determined by consulting subsection def-
initions, for example.
[0047] FIGURE 5 is a second flow chart of a second
method in accordance with at least some embodiments
of the present invention. The phases of the illustrated
method may be performed in device 110, for example,
or in a control device configured to control the functioning
of device 110, when implanted therein.
[0048] Phases 510 and 520 correspond essentially to
phases 410 and 420, respectively, of FIGURE 4. Phase
530 comprises reducing an updating frequency of sub-
sections relating to safety to a lower bound. Whether sub-
sections are related to safety and what their lower bounds
are may be determined by consulting subsection defini-
tions, for example. The lower bound may represent an
updating frequency that is lower than a default updating
frequency, but which still provides an acceptable level of
performance.
[0049] Phase 540 comprises using computational re-
sources that remain after setting the subsections relating
to safety to their lower bounds to set updating frequencies
of subsections not related to safety to levels that can be
run. These frequencies may be substantially lower than
the default updating frequencies of these subsections.
[0050] FIGURE 6 is a third flow chart of a third method
in accordance with at least some embodiments of the
present invention. The phases of the illustrated method
may be performed in device 110, for example, or in a
control device configured to control the functioning of de-
vice 110, when implanted therein.
[0051] Phase 610 comprises rendering a dynamic
graphical output, the graphical output comprising at least
a first subsection and a second subsection. Phase 620
comprises ranking the first subsection relative to the sec-
ond subsection based on a criterion. Phase 630 compris-
es determining a scarcity of computational resources,
and responsively, based on the ranking, causing the first
subsection to be rendered at a higher update frequency
than the second subsection. Finally, phase 640 compris-
es providing information defining the graphical output.
[0052] In general there is provided an apparatus com-
prising at least one processing core configured to render
a dynamic graphical output, the graphical output com-
prising at least a first subsection and a second subsec-
tion, rank the first subsection relative to the second sub-
section based on at least one criterion, determine a scar-
city of computational resources, and responsively, based
on the ranking, reduce an update frequency of the second
subsection, and a transmitter configured to provide infor-
mation defining the graphical output toward a display.
The scarcity may be determined based on a periodic
check and/or the scarcity may be determined responsive
to a processing load in a processor or processing core
exceeding a predefined level. Dynamic graphical output
may comprise a graphical output modified in real time
responsive to information received from an information
source. The graphical output may comprise an animated
instrument panel, for example, such as an animated in-
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strument panel of a vehicle. An animated instrument pan-
el may comprise at least one, and in some embodiments
at least two, animated instrument displays.
[0053] In some embodiments, the criterion is relevance
to safety. For example, relevance to safety of an industrial
process, car or aircraft. Safety may refer to safety of per-
sons or the environment, for example. In other embodi-
ments, the criterion is characteristic timescales of the first
and second subsections. In yet further embodiments, the
criterion is a pre-configured priority.
[0054] In some embodiments, the graphical output
comprises information concerning a current state of at
least one of: an automobile system, an aircraft system,
an industrial machine and a power generation plant. An
automobile system may comprise an engine or fuel tank
sensor, for example. An aircraft system may comprise
an altimeter or engine, for example. An industrial ma-
chine may comprise a chemical reactor or pellet machine,
for example. A power generation plant may comprise a
nuclear power plant, for example. In some embodiments,
the graphical output comprises information concerning
at least one of: a communication session, a media play-
back session, a broadcast session and a user session.
[0055] In some embodiments, the same processor or
processing core is configured to both render the graphical
output and to rank the subsections. In other embodi-
ments, a first processor or processing core is configured
to render the graphical output and a second processor
or processing core is configured to rank the subsections.
[0056] In some embodiments, the determining of the
scarcity of computational resources is based on at least
one of a thermal limit and an overload condition. Scarcity
may alternatively, or additionally, occur as a result of in-
terrupts. For example, the standard ISO 26262, Road
Vehicles Functional Safety defines interrupt conditions.
Determining scarcity may thus comprise, for example,
that more than a predetermined number of interrupts oc-
curs during a predetermined time, or that a frequency of
interrupts exceeds a predetermined limit. Either way may
be characterized as determining scarcity based on a
quantity of interrupts. The scarcity may be determined
periodically and/or as a load state of a processor or
processing core exceeding a predetermined load level.
The scarcity may be determined based on a lag associ-
ated with a previous frame. In some embodiments, a
scarcity of computational resources may be predicted
based on changes in data relating to producing the graph-
ical output.
[0057] In some embodiments, the at least one process-
ing core is further configured to adjust, in real time, the
ranking of the first subsection relative to the second sub-
section based at least in part on an operating condition.
For example, what is relevant to safety may change as
a response to circumstances. For example, a light am-
plifying display may become relevant to safety when the
sun sets and night begins. For example, a collision avoid-
ance radar display subsection may become relevant to
safety when a user activates a reverse gear. If scarcity

exists when the ranking is adjusted, the adjustment in
ranking may trigger modification of at least one updating
frequency of at least one subsection.
[0058] It is to be understood that the embodiments of
the invention disclosed are not limited to the particular
structures, process steps, or materials disclosed herein,
but are extended to equivalents thereof as would be rec-
ognized by those ordinarily skilled in the relevant arts. It
should also be understood that terminology employed
herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting.
[0059] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
[0060] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may
be presented in a common list for convenience. However,
these lists should be construed as though each member
of the list is individually identified as a separate and
unique member. Thus, no individual member of such list
should be construed as a de facto equivalent of any other
member of the same list solely based on their presenta-
tion in a common group without indications to the con-
trary. In addition, various embodiments and example of
the present invention may be referred to herein along
with alternatives for the various components thereof. It
is understood that such embodiments, examples, and
alternatives are not to be construed as de facto equiva-
lents of one another, but are to be considered as separate
and autonomous representations of the present inven-
tion.
[0061] Furthermore, the described features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided, such
as examples of lengths, widths, shapes, etc., to provide
a thorough understanding of embodiments of the inven-
tion. One skilled in the relevant art will recognize, how-
ever, that the invention can be practiced without one or
more of the specific details, or with other methods, com-
ponents, materials, etc. In other instances, well-known
structures, materials, or operations are not shown or de-
scribed in detail to avoid obscuring aspects of the inven-
tion.
[0062] While the forgoing examples are illustrative of
the principles of the present invention in one or more
particular applications, it will be apparent to those of or-
dinary skill in the art that numerous modifications in form,
usage and details of implementation can be made without
the exercise of inventive faculty, and without departing
from the principles and concepts of the invention. Ac-
cordingly, it is not intended that the invention be limited,
except as by the claims set forth below.
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Claims

1. An apparatus comprising:

means for rendering a dynamic graphical output,
the graphical output comprising at least a first
subsection and a second subsection;
means for ranking the first subsection relative
to the second subsection based on at least one
criterion;
means for determining a scarcity of computa-
tional resources, and responsively, based on the
ranking, reducing an update frequency of the
second subsection, and
means for providing information defining the
graphical output.

2. The apparatus according to claim 1, wherein the cri-
terion is relevance to safety.

3. The apparatus according to claim 2, wherein the
graphical output comprises information concerning
a current state of at least one of: an automobile sys-
tem, an aircraft system, an industrial machine and a
power generation plant.

4. The apparatus according to any preceding claim,
wherein the graphical output comprises information
concerning at least one of: a communication session,
a media playback session, a broadcast session, a
user session, map information, a battery level, a ve-
locity indication, an altitude indication and an indus-
trial process indication.

5. The apparatus according to claim 1, wherein the cri-
terion is at least one of a characteristic timescale and
a priority.

6. The apparatus according to claim 5, wherein the first
subsection has a shorter characteristic timescale
than the second subsection.

7. The apparatus according to claim 6, wherein the first
subsection comprises a digital instrument display
and the second subsection indicates at least one of:
remaining fuel, remaining distance to maintenance
and oil pressure.

8. The apparatus of claim 7, wherein the digital instru-
ment display indicates at least one of: velocity of a
car, velocity of an aircraft and engine revolutions per
time unit.

9. The apparatus according to any preceding claim,
wherein the determining of the scarcity of computa-
tional resources is based on at least one of a thermal
limit, an overload condition, a determined lag and a
quantity of interrupts.

10. The apparatus according to any preceding claim,
wherein causing the first subsection to be rendered
at a higher update frequency than the second sub-
section comprises keeping an update frequency of
the first subsection constant and lowering an update
frequency of the second subsection.

11. The apparatus according to any of claims 1 - 9,
wherein the apparatus is configured to set an update
frequency of the first subsection to a predefined min-
imum update frequency, and subsequently select
the reduced update frequency for the second sub-
section based on computational resources then re-
maining.

12. The apparatus according to any preceding claim,
wherein the means for determining are further con-
figured to adjust, in real time, the ranking of the first
subsection relative to the second subsection based
at least in part on an operating condition.

13. The apparatus according to any preceding claim,
wherein responsive to the scarcity, the apparatus is
configured to begin rendering at least one of the first
subsections and the second subsection in at least
one of a smaller size, a reduced detail level and a
reduced quality level than before the scarcity.

14. A method comprising:

rendering a dynamic graphical output, the
graphical output comprising at least a first sub-
section and a second subsection;
ranking the first subsection relative to the sec-
ond subsection based on at least one criterion;
determining a scarcity of computational resourc-
es, and responsively, based on the ranking, re-
ducing an update frequency of the second sub-
section, and
providing information defining the graphical out-
put.

15. A computer program configured to cause a method
in accordance with claim 14 to be performed.
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