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RENDERING SETTINGS IN A MULTI-GRAPHICS
PROCESSING UNIT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S. Patent Application No. 13/613,218,
filed September 13, 2012, the disclosure of which is hereby expressly incorporated by reference.

FIELD OF THE INVENTION
[0002] The present invention is generally directed to graphics processing, and in particular,
to adjusting graphics processing settings to allow for higher quality settings at higher frame rates,
when supportable by the graphics system, while dynamically adjusting the rendering quality as

needed to maintain the desired frame rates.

BACKGROUND

[0003] A user can adjust the initial display settings for an application that uses graphics
processing (for example, rendered simulations or games). For example with games, this process
currently involves trial and error, in which the user adjusts the settings and then has to play the
game to determine whether those settings result in a desired display quality and display frame rate.
If the display quality is not desirable (for examplé, the frame rate stalls), the user then needs to
manually adjust the settings. Based on these adjustments, the user’s selected settings generally do
not stress the available hardware. Retaining smooth motion in the game (for example, so there is no
frame rate stalling) means that a lower image quality sequence is displayed.

[0004] Multi-graphics processing unit (GPU) rendering systems require a certain amount of
bus bandwidth to work properly, wherein a bus includes various types of communication fabrics
including point-to-point protocols. Such systems work with an assumed maximum bus latency to
help compensate for bus traffic issues related to available bandwidth and bus conflicts. If the bus
usage exceeds the system’s expected levels, different types of visible issues will become
pronounced. It is noted that multiple GPUs can physically exist in multiple semiconductor
packages, a single package with multiple semiconductor dies, or a single package with a single

semiconductor die.
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[0005] Because most graphics-intense software varies in how much rendering is required to
display updated frames over time (i.e., variable frame rates and bus usage), the rendering settings
normally attempt to minimize such bus-caused errors and visible issues. This results in lower frame
rates and/or lower rendering quality.

[0006] Some multi-GPU rendering systems also use small buffer sizes to reduce system
cost. But a small buffer leaves the system more vulnerable to potential latency issues. These cases
are even more dependent on ensuring quality by maintaining a worst-case lower frame
rate/rendering quality.

[0007] At times when the system is not heavily loaded, resources are left idle which could
be used to produce faster (i.e., smoother) frame rates and/or improved graphics quality/reality.
Because the system settings are normally preset, the worst-case scenario is normally assumed, to
ensure a consistent viewing experience.

[0008] The existing solutions do not sufficiently address these problems. In one known
solution, the frame rate is restricted to be low enough or some rendering settings are restricted to
avoid frame failures. This results in less smooth display updates than other solutions or provides a
lower quality display. Such restrictions result in less pleasing rendering results and could impact
the immersion level in games or accuracy of simulations.

[0009] A second known solution is to use more memory for a larger frame buffer to avoid
frame failures. This solution is expensive and power-hungry, and may also require more memory
than is available in the system. For systems already installed with limited frame buffers, there is
normally no option to increase the amount of memory.

[0010] A third known solution is to allow for some frame failures and supply a “recovery”
mode, which will cause a visible disruption to the image during the frame error time period (of one
or more frames). One method in this solution is to display the last “good” frame, resulting in
tearing of part or all of the image. Another method in this solution is to allow the failure (visible in
failed frames) and perform a recovery on each frame until the failure no longer happens. Either of
these methods results in more disruptions to the image when the settings are not optimized to

prevent frame errors.
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SUMMARY OF EXEMPLARY EMBODIMENTS

[0011] Predictive error detection may be performed by monitoring different indicators that
can help forecast potential “frame errors.” As the potential error state is approached and errors start
or become more frequent, the side effects or corrections will be more visible to the user. When the
indicators reach a predetermined threshold, the system dynamically modifies different graphics
settings to decrease the rendering and bus loading to prevent error cases with a small decrease of
quality, which will be less noticeable than the error side effects. When the indicators indicate a
decrease in the rendering and/or bus loading, the settings are adjusted to increase quality, which
may include adjusting the settings so that they are restored to their earlier desired quality levels.
[0012] A method for adjusting graphics rendering settings in a computer system monitors
an activity level on a bus. The graphics réndering settings of the system are adjusted when the bus
activity meets a trigger condition. The graphics rendering settings of the system are returned to a
previous level when the bus activity drops below a threshold.

[0013] A system for adjusting graphics rendering settings in a computer system includes a
graphics processing unit (GPU), a frame buffer associated with the GPU, and a graphics driver in
communication with the GPU and the frame buffer. The graphics driver is configured to monitor an
activity level on a bus, adjust the graphics rendering settings of the system when the bus activity
meets a trigger condition, and return the graphics rendering settings of the system to a previous
level when the bus activity drops below a threshold.

[0014] A non-transitory computer-readable storage medium storing a set of instructions for
execution by a general purpose computer to adjust graphics rendering settings in a computer
system includes a monitoring code segment for monitoring an activity level on a bus, an adjusting
code segment for adjusting the graphics rendering settings of the system when the bus activity
meets a trigger condition, and a returning code segment for increasing the graphics rendering

settings of the system when the bus activity drops below a threshold.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] A more detailed understanding may be had from the following description, given by
way of example in conjunction with the accompanying drawings, wherein:
[0016] Figure 1 is a block diagram of an example device in which one or more disclosed

embodiments may be implemented;
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[0017] Figure 2 is a block diagram of an example system including one accelerated

processing unit (APU) and one graphics processing unit (GPU);

[0018] Figure 3 is a block diagram of an example system including one central processing
unit (CPU) and multiple GPUs;

[0019] Figure 4 is a block diagram of an example system including one CPU, multiple
GPUs, and interim Peripheral Component Interconnect Express (PCle) bridges;

[0020] Figure 5 is a flowchart of a method for adjusting graphics rendering settings based
on a bus activity level;

[0021] Figure 6 is a diagram of a frame buffer showing fill levels;

[0022] Figure 7 is a flowchart of a bandwidth measurement method;

[0023] Figure 8 is a flowchart of a latency measurement method; and

[0024] Figure 9 is a flowchart of a method for returning the graphics rendering settings to

their original values.

DETAILED DESCRIPTION

[0025] A computer system may be configured to run at a faster default frame rate,
automatically detect when processing is beginning to slow down (back up), reduce some
capabilities to maintain a smooth frame rate, and then return the capabilities to their original
settings when processing has returned to normal levels. By automatically adjusting the settings as
needed, the system may run at a faster frame rate and/or a higher quality than normal, with the
results being transparent to the user. The application settings may be automatically checked and
adjusted, without feedback to the user or intervention by the user.

[0026] Figure 1 is a block diagram of an example device 100 in which one or more
disclosed embodiments may be implemented. The device 100 may include, for example, a
computer, a gaming device, a handheld device, a set-top box, a television, a mobile phone, or a
tablet computer. The device 100 includes a processor 102, a memory 104, a storage 106, one or
more input devices 108, and one or more output devices 110. The device 100 may also optionally
include an input driver 112 and an output driver 114. It is understood that the device 100 may
include additional components not shown in Figure 1.

[0027] The processor 102 may include a central processing unit (CPU), a graphics

processing unit (GPU), a CPU and GPU located on the same die, or one or more processor cores,
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wherein each processor core may be a CPU or a GPU. The memory 104 may be located on the
same die as the processor 102, or may be located separately from the processor 102. The memory
104 may include a volatile or non-volatile memory, for example, random access memory (RAM),
- dynamic RAM, or a cache.

[0028] The storage 106 may include a fixed or removable storage, for example, a hard disk
drive, a solid state drive, an optical disk, or a flash drive. The input devices 108 may include a
keyboard, a keypad, a touch screen, a touch pad, a detector, a microphone, an accelerometer, a
gyroscope, a biometric scanner, or a network connection (e.g., a wireless local area network card
for transmission and/or reception of wireless IEEE 802 signals). The output devices 110 may
include a display, a speaker, a printer, a haptic feedback device, one or more lights, an antenna, or
anetwork connection (e.g., a wireless local area network card for transmission and/or reception of
wireless IEEE 802 signals).

[0029] The input driver 112 communicates with the processor 102 and the input devices
108, and permits the processor 102 to receive input from the input devices 108. The output driver
114 communicates with the processor 102 and the output devices 110, and permits the processor
102 to send output to the output devices 110. It is noted that the input driver 112 and the output
driver 114 are optional components, and that the device 100 will operate in the same manner if the
input driver 112 and the output driver 114 are not present.

[0030] Figure 2 is a block diagram of an example system 200 including one accelerated
processing unit (APU) 202 and one graphics processing unit (GPU) 204 connected by a Peripheral
Component Interconnect Express (PCle) bus 206. The APU 202 communicates with a system
memory 210 and is capable of sending information to one or more displays 212 for display to a
user. The GPU 204 communicates with a frame buffer memory 220 and is capable of sending
information to one or more displays 222 for display to the user.

[0031] Figure 3 is a block diagram of an example system 300 including one central
processing unit (CPU) 302 and multiple GPUs 308. The CPU 302 communicates with a system
application-specific integrated circuit (ASIC) 304. The system ASIC 304 communicates with a
system memory 306 and each of the GPUs 308 via a separate PCle bus 310. Each GPU 308
communicates with an associated frame buffer memory 312 and is capable of sending information
to one or more displays 314 for display to the user. For discussion purposes, the below description

ofthe operation of one embodiment focuses on the system 300 having two GPUs (308a, 308b). It is
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noted that the operation of the embodiment is similar if the system 300 includes more than two
GPUs. |

[0032] Figure 4 is a block diagram of an example system 400 including one CPU 402,
multiple GPUs 408, and interim PCle bridges 410. The CPU 402 communicates with a system
ASIC 404. The system ASIC 404 communicates with a system memory 406 and each of the GPUs
408 via the PCle bridge 410 and PCle bus segments 412, 414. Each GPU 408 communicates with
an associated frame buffer memory 420 and is capable of sending information to one or more
displays 422 for display to the user. For discussion purposes, the below description of the operation
of one embodiment focuses on the system 400 having two GPUs (408a, 408b). It is noted that the
operation of the embodiment is similar if the system 400 includes more than two GPUs.

[0033] With current systems (for example, systems 200, 300, 400), it is possible to
determine when frame rate stalling or other types of system slow-down may occur. The system
200, 300, 400 may be conﬁgured to run at a faster default frame rate, automatically detect when
brocessing is beginning to slow down (back up), reduce some capabilities to maintain a smooth
frame rate, and then return the capabilities to their original settings when processing has returned to
normal levels. By automatically adjusting the settings as needed, the system may run at a faster
frame rate and/or a higher quality than normal, with the results being transparent to the user. The
application settings may be automatically checked and adjusted, without feedback to the user or
intervention by the user.

[0034] In one alternative implementation, the user may specify a minimum frame rate and
adjust the rendering settings to match the specified minimum frame rate. In a second alternative
implementation, a log of the changes to the rendering settings may be maintained, whereby the user
could see how frequently the rendering settings were adjusted, to enable the user to select different
initial rendering settings.

[0035] Figure 5 is a flowchart of a method 500 for adjusting graphics rendering settings
based on a bus activity level. Bus activity (for example, activity on the PCle bus) is monitored
(step 502). A determination is made whether the bus activity meets a trigger condition (step 504).
If there is not a high enough level of bus activity to meet the trigger condition, then the method
continues to monitor the bus activity (step 502).

[0036] If the bus activity level meets the trigger condition (step 504), then the rendering
parameters are adjusted (step 506). The bus activity is again monitored (step 508) and a
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determination is made whether the bus activity has dropped below a predetermined threshold (step
510). If the bus activity has not dropped below the predetermined threshold, then the method
continues to monitor the bus activity (step 508). If the bus activity has dropped below the
predetermined threshold (step 510), then the rendering parameters are returned to their previous
settings (step 512). The method 500 then loops back to step 502, to continuously monitor the bus
activity.

[0037] The method 500 is a dynamic process, such that the rendering parameters are
adjusted (step 506) when there is a probability of a frame failure or processing slowdown (as
determined by the bus activity level). Adjustments may also be made based on the application that
is currently running and the system’s hardware, including the amount of available memory.
Different adjustments may be made if the system has a low memory size, as opposed to a system
with a larger memory size. For example, some adjustments would only need to be made because of
a low memory size, and would not be necessary with a large memory size.

[0038] When predicting the potential frame failure rate, either the time to fill a buffer
through the PCle bus (bus bandwidth measurement) or the latency between the request and the
arrival of the first “chunk™ of pixel data may be monitored. The latency may be measured as the
amount of time it takes from when the image data transfer is started to when the image data arrives
at the destination.

[0039] By monitoring either of these indicators, an increase in the bus activity (for
example, activity on the PCle bus) can be observed as it happens. If the bus usage by the system,
graphics devices, or multi-GPU rendering requirements rises too high, it may increase the latency
of the rendering system, and therefore cause frame failures. As the bus activity increases,
approaching the point where the buffer could underflow (not be filled in time to start the output to
the display), the graphics driver may adjust the rendering parameters to decrease the bus load and
therefore avoid a resulting visible frame error.

[0040] Two mechanisms may be used for error detection (step 502 of the method 500):
bandwidth measurement and latency measurement. In some cases, the bandwidth measurement
mechanism may be preferred when there is more variance in the performance. The latency
measurement mechanism may be preferred when there is not much variance in the performance.
[0041] It is noted that other PCle bus counters (other than bandwidth measurement and

latency measurement) may be used to indicate retry rates and other factors which could indicate
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bus issues. While such counters are usable, they may not be as accurate or as quick-responding as
the bandwidth measurement and latency measurement mechanisms. Such other counters may also
indicate other unrelated issues that may not be correctable via the methods described herein.
[0042] Lab measurements may be used to determine a starting point for different
configurations and applications. The latency measurement may be used for an optimum setting of
the Extended Dynamic Memory Access buffer size and underflow detection sensitivity. The
bandwidth measurement may be used to check these results, conﬁrmihg that the changes center
around the “optimum” settings.

[0043] In gaming scenarios where scenes often change in complexity (for example, in
shooter games), the latency method may be used when first turning on graphics multi-processing
activity to check and set the initial settings, and then switch to the bandwidth measurement method
to allow for faster measurements and response times.

[0044] . Invideo streaming, there is a fairly consistent bandwidth usage. The latency method
may be used both for the initial settings and for occasional adjustments over time. The bandwidth
measurements will probably not make much of a difference in this situation, because of the more
level bandwidth usage.

[0045] The bandwidth measurement method monitors how the video data flows from the
rendering engine outwards. By using a bandwidth counter to time how many SCLKs (GPU clock
cycles) happen from the time thé first data enters the buffer until the buffer reaches a full level, the
bandwidth used by the bus for all bus-related activities may be determined. A lower time indicates
a lower bandwidth usag?e and less chance of a frame error. A higher time indicates increased bus
usage and an increased éhance of a frame error. If the time to fill the bufferv increases too much, it
will result in a buffer underflow, as the frame will need to start before the buffer is ready to send
the data to the display.

[0046] If the frame buffer does not fill fast enough (meaning that the rendering engine
and/or the bus are overloaded), then some capabilities will be reduced, so that the rendering engine
can run faster and/or the bus has less tfafﬁc. Figure 6 shows an example of a frame buffer 600 with
different fill levels. For example, the different fill levels include an empty level 602, a single item
604 in the buffer 600, and a desired fill level 606.

[0047] The desired buffer fill level 606 may be tuned (dynamically adjusted) based on the

current system status, in terms of the available hardware and the application usage requirements. A
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default buffer fill level 606 may be selected and then dynamically adjusted. Both the buffer fill
level 606 and the application quality settings may be adjusted to achieve the desired frame rate
output.

[0048] Figure 7 is a flowchart of a bandwidth measurement method 700 (which may be
used in step 502 of the method 500). A determination is made whether there has been a frame
buffer flip or a frame buffer reset (step 702). If either the frame buffer has been flipped or the
frame buffer has been reset, then the buffer level is reset (step 704). Either of these conditions
results in an empty buffer, so the buffer level should be reset. While the frame buffer has not
flipped and has not been reset (step 702), the system continues to monitor for either of these events
(repeating step 702). ‘
[0049] Once the buffer level has been reset (step 704), a determination is made whether the
buffer fill level is in a valid range (for example, greater than or equal to one and less than full) and
- whether a GPU clock cycle has occurred (step 706). If both conditions are met, then the bandwidth
counter is increased (step 708). If both conditions are not met (step 706), then the system continues
to monitor for both of these events (repeating step 706).

[0050] After the bandwidth counter is increased, a determination is made whether the
buffer fill level indicates a full buffer (step 710). If the buffer is not full, then the system continues
to monitor the buffer fill level (repeating step 710). If the buffer is full, then the maximum
bandwidth value, the minimum bandwidth value, the a\}erage bandwidth value, and the trigger
values are updated (step 712). The method 700 then repeats by performing the determinations over
again, beginning with determining whether there has been a frame buffer flip or a frame buffer
reset (step 702).

[0051] The trigger value for determining whether to adjust the rendering parameters (as
used in step 504 of the method 500) may be based on the maximum bandwidth value, the minimum
bandwidth value, and the average bandwidth value. In general, the maximum and minimuﬁ
bandwidth measurement values provide a more instant and/or short-term change of the system
behavior, while the average bandwidth measurement provides a long-term and more static
bandwidth measurement. The adjustment should try to maintain the bandwidth utilization at or near
the predefined average bandwidth most of the time. The adjustment should also respond to the
maximum/minimum bandwidth change faster, to account for the short-term bandwidth fluctuation.

If the maximum bandwidth measurement is detected for some amount of time, the adjustment to
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the bandwidth should be conducted accordingly. If the maximum bandwidth reduces over time, the
adjustment should bring the system to operate at or near the predefined average bandwidth.
Hysteresis may be needed to smooth out the instantaneous adjustments from happening too
frequently.

[0052] Figure 8 is a flowchart of a latency measurement method 800 (which may be used in
step 502 of the method 500). A determination is made whether a request for a data chunk is the
first request for the data chunk (step 802). It is noted that the term “data chunk” refers to an
arbitrary size of a data request. If the first request is not made, the method waits until the request is
made (repeating step 802). If the first request is made, a determination is made whether the first
requested data chunk has been received and whether a GPU clock cycle has occurred (step 804). If
the first requested data chunk has not been received and a GPU clock cycle has occurred, then the
latency counter is increased (step 806) and the determination is repeated (step 804). Otherwise, the
maximum latency value, the minimum latency value, the average latency value, and the trigger
value are updated and the latency counter is reset (step 808). The method then repeats with
determining whether a request for a data chunk is the first request for the data chunk (step 802).
[0053] In the latency measurement method, a latency counter may be used to measure the
latency on the bus. This counter increments on every SCLK after the first request for a data
“chunk” at a specific pixel location is made. Once the requested data chunk arrives, the counter
stops incrementing. The lower time versus higher time has the same meaning as with the
bandwidth measurement method. The latency method provides a faster first response than the
bandwidth measurement method, but does not detect fluctuations during an individual buffer
segment.

[0054] A frame buffer is an area of memory that holds the image data for one full screen
(for example, a single monitor). The frame buffer is broken into smaller segments of memory to
allow finer control. Therefore, the image can start drawing as soon as the first buffer segment is
full, even though the system is still filling the remaining buffer segments for the specific frame
buffer. If the buffer is not broken into segments, the system would have to wait for the entire frame
buffer to fill completely before it could start displaying the image on the monitor. This buffer
segment method reduces the latency from the start of the frame rendering until the image is

displayed on the screen.
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[0055] Another reason for segmenting the buffer is for the buffer fullness and emptiness
monitoring. The data return to the buffer is out-of-order, so the traditional first-in, first-out
read/write pointer base level monitoring does not work well. Segmenting the buffer simplifies
monitoring the buffer fullness and emptiness, because the buffer level can be determined by the
number of empty segments irrespective of the order of the segments in the buffer.

[0056] Lab testing using the bandwidth or latency counters along with maximum and
minimum recordings of the counter and a frame error count may be used to determine thresholds
for the trigger setting and the duration of parameter adjustment levels. An algorithm to smooth the
results and avoid false triggers and too frequent adjustments may be used. There are different ways
to implement the smoothing algorithm. In one example implementation, the algorithm does not
respond to the first bandwidth increase, but responds to the average of several samples. The
algorithm may respond on the high side or the low side, depending on prior patterns. The
parameter settings would then return to the desired average. Assuming that the system indicated a
return to “normal” usage, the settings would eventually be adjusted back to the starting level,
possibly in steps.

[0057] Different parameter adjustment levels may be needed for different types of media.
For example, high-resolution third person shooter-type games will likely have a larger and more
frequent change in the bus activity level than, for example, a video playback. Therefore, different
settings may be used for each situation, to better optimize the system.

[0058] Figure 9 is a flowchart of a method for returning the graphics rendering settings to
their original values (step 512 of the method 500). How the graphics rendering settings are returned
to their original values depends on the application running and the amount of change in the
settings. The goal is to avoid presenting a visible difference to the user.

[0059] The relative change between the adjusted graphics rendering settiﬁgs (step 506 of
the method 500) and the original graphics rendering settings is determined (step 902). A
determination is then made whether the relative change is greater than a predetermined threshold
(step 904). If the relative change is less than the predetermined threshold, then the graphics
rendering settings are returned to their original settings in one step (step 906) and the method
terminates (step 908). If the relative change is greater than the predetermined threshold (step 904),
then the graphics rendering settings are gradually returned to their original settings (step 910) and
the method terminates (step 908).

-11-
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[0060] Returning the graphics rendering settings from the adjusted values to the original
values may be performed all at once (if the relative changes were minor) or gradually (if the
relative changes were large). A gradual return to the original values is used so as to not visually
disrupt the user’s experience (making a large change all at once would result in a noticeable
difference in the display). A smoothing algorithm may be used to determine the setting changes
used to implement the gradual return. In one implementation of the smoothing algorithm, large
changes may be made first, followed by successively smaller changes. The goal of the smoothing
algorithm is to perform the changes in such a way that the user’s visual experience is not
noticeably disrupted. ,

[0061] Only items under control of the graphics drivers can be adjusted. Items not related
to the graphics from the system side that may be using the PCle bus, and therefore impacting the
bus bandwidth/latency to the graphics system, are beyond the scbpe of this method. But the
graphics adjustments can help compensate for non-graphics activity on the PCle bus.

[0062] Several items may be used to decrease the PCle bus activity and/or affect how long
it takes to render new frames. The examples given here are a subset of what can be used. The type
of application along with the hardware configurations of the graphics system and the main system
will dictate which methods are the most effective.

[0063] Case 1: Reducing texture sizes and/or complexity may decrease the PCle bus
activity in some cases, especially for graphics systems with small frame buffers..

[0064] Case 2: Adjusting graphics rendering parameters that may cause more or less “data
sharing” between GPUs (for example, GPU to GPU transfers). Some examples include super anti-
aliasing, shadows, particle physics, etc.

[0065] Case 3: Limiting the frame rate will decrease the data transfers across the bus.
[0066] Case 4: Reducing the color depth or changing color formats may help in systems
that support more than 24-bit ARGB (red green blue alpha) formats.

[0067] Case 5: Other physics or OpenCL™ activities that are heavy bus users may be
limited or reduced in priority.

[0068] It should be understood that many variations are possible based on the disclosure
herein. Although features and elements are described above in particular combinations, each
feature or element may be used alone without the other features and elements or in various

combinations with or without other features and elements. In one embodiment, the methods

-12-



WO 2014/040194 PCT/CA2013/050709

described herein are implemented in the graphics driver. Other embodiments may be envisioned in
which the methods are implemented elsewhere in the system 200, 300, 400. Such other
embodiments would need to communicate with the graphics driver to obtain the necessary
information to perform the methods.

[0069] The methods provided may be implemented in a general purpose computer, a
processor, or a processor core. Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal processor (DSP),
a plurality of microprocessors, one or more microprocessors in association with a DSP core, a
controller, a microcontroller, Application Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGAS) circuits, any other type of integrated circuit (IC), and/or a
state machine. Such processors may be manufactured by configuring a manufacturing process
using the results of processed hardware description language (HDL) instructions and other
intermediary data including netlists (such instructions capable of being stored on a computer
readable media). The results of such processing may be maskworks that are then used in a
semiconductor manufacturing process to manufacture a processor which implements aspects of the
present invention.

[0070] The methods or flow charts provided herein may be implemented in a computer
program, software, or firmware incorporated in a non-transitory computer-readable storage
medium for execution by a general purpose computer or a processor. Examples of non-transitory
computer-readable storage mediums include a read only memory (ROM), a random access memory
(RAM), a register, cache memory, semiconductor memory devices, magnetic media such as
internal hard disks and removable disks, magneto-optical media, and optical media such as CD-

ROM disks, and digital versatile disks (DVDs).

* #* *
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CLAIMS
What is claimed is:
L. A method for‘ adjusting graphics rendering settings in a computer system,
comprising:
adjusting the graphics rendering settings of the system when an activity level on a bus
meets a trigger condition; and
returning the gréphics réndering settings of the system to a previous level when the bus

activity level drops below a threshold.

2. The method according to claim 1, wherein the bus is a Peripheral Component

Interconnect Express bus.

3. The method according to claim 1, further comprising:

monitoring the activity level on the bus.

4. The method according to claim 3, wherein the monitoring includes measuring .

bandwidth usage on the bus.

5. The method according to claim 4, wherein measuring the bandwidth usage on the
bus includes: ’

increasing a bandwidth counter when a frame buffer level is in a predetermined range; and

updating a maximum bandwidth value, a minimum bandwidth value, an average bandwidth

value, and a trigger value when the buffer level is full.

6. The method according to claim 5, wherein the predetermined range is greater than

or equal to one and less than full.

7. The method according to claim 3, wherein the monitoring includes measuring

latency on the bus.

8. The method according to claim 7, wherein measuring the latency includes:

-14-




WO 2014/040194 PCT/CA2013/050709

increasing a latency counter when a first data chunk has not been received and a graphics
processing unit clock cycle has occurred; and
updating a maximum latency value, a minimum latency value, an average latency value,

and a trigger value when the first data chunk has been received.

9. The method according to claim 1, wherein the trigger condition is based on a

maximum bandwidth value, a minimum bandwidth value, and an average bandwidth value.

10.  The method according to claim 1, wherein the trigger condition is based on a

maximum latency value, a minimum latency value, and an average latency value.

11. The method according to claim 1, wherein the returning includes: |

returning the graphics rendering settings to the previous level in one step when a relative
change between the previous graphics rendering settings and the adjusted graphics rendering
settings is less than a threshold; and

gradually returning the graphics rendering settings to the previous level when the relative
change between the previous graphics rendering settings and the adjusted graphics rendering

settings is greater than the threshold.

12. The method according to claim 11, wherein gradually returning the graphics

rendering settings to the previous level includes using a smoothing algorithm.

13. A system for adjusting graphics rendering settings in a computer system,
comprising:
a graphics processing unit (GPU);
a frame buffer associated with the GPU; and
a graphics driver in communication with the GPU and the frame buffer, the graphics driver
configured to:
adjust the graphics rendering settings of the system when an activity level on a bus

meets a trigger condition; and

-15-




WO 2014/040194 PCT/CA2013/050709

return the graphics rendering settings of the system to a previous level when the bus

activity level drops below a threshold.

14. The system according to claim 13, wherein the system includes:

a plurality of GPUs;

a plurality of frame buffers, each frame buffer associated with one of the plurality of GPUs;
and

the graphics driver is in communication with each of the plurality of GPUs and each of the

plurality of frame buffers.

15. The system according to claim 13, wherein the bus is a Peripheral Component

Interconnect Express bus.

16.  The system according to claim 13, wherein the graphics driver is further configured
to:

monitor the activity level on the bus.

7. The system according to claim 16, wherein the graphics driver is further configured
to:

measure bandwidth usage on the bus;

increase a bandwidth counter when a frame buffer level is in a predetermined range; and

.update a maximum bandwidth value, a minimum bandwidth value, an average bandwidth

value, and a trigger value when the buffer level is full.

18. The system according to claim 17, wherein the predetermined range is greater than

or equal to one and less than full.
19. The system according to claim 16, wherein the graphics driver is further configured

to:

measure latency on the bus;
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increase a latency counter when a first data chunk has not been received and a graphics
processing unit clock cycle has occurred; and
update a maximum latency value, a minimum latency value, an average latency value, and a

trigger value when the first data chunk has been received.

20.  The system according to claim 13, wherein the trigger condition is based on a

maximum bandwidth value, a minimum bandwidth value, and an average bandwidth value.

21.  The system according to claim 13, wherein the trigger condition is based on a

maximum latency value, a minimum latency value, and an average latency value.

22. The system according to claim 13, wherein the graphics driver is further configured
to: |

return the graphics rendering settings to the previous level in one step when a relative
change between the previous graphics rendering settings and the adjusted graphics rendering
settings is less than a threshold; and

gradually return the graphics rendering settings to the previous level when the relative
change between the previous graphics rendering settings and the adjusted graphics rendering

settings is greater than the threshold.

23.  The system according to claim 22, wherein the graphics driver is further configured
to gradually return the graphics rendering settings to the previous level using a smoothing

algorithm/;

24.  Anon-transitory computer-readable storage medium storing a set of instructions for
execution by a general purpose computer to adjust graphics rendering settings in a computer
system, the set of instructions comprising:

an adjusting code segment for adjusting the graphics rendering settings of the system when
an activity level on a bus meets a trigger condition; and

a returning code segment for returning the graphics rendering settings of the system to a

previous level when the bus activity level drops below a threshold.

-17-




WO 2014/040194 PCT/CA2013/050709

25. The non-transitory computer-readable storage medium according to claim 24,
wherein the instructions are hardware description language (HDL) instructions used for the

manufacture of a device.

26. A method for adjusting graphics rendering settings in a computer system,
comprising:

reducing a quality level of the graphics rendering settings of the system when a bus activity
level exceeds a first threshold condition; and ‘

increasing the quality level of the graphics rendering settings of the system when the bus

activity level drops below a second threshold condition.

27.  The method according to claim 26, wherein the first threshold condition and the

second threshold condition differ.
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