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(57) Abstract: Systems and techniques are provided for measuring consistency of animation and/or video rendering on a device, and
providing a user with an indication of one or more consistency scores of the user's device. The consistency score indicates generally
the consistency of user experience that is expected for the user device. In some cases, the consistency score is calculated based upon
the differences in rendering times between adjacent frames in an animation, and/or the number of frames that have a render ditfer -
ence that differs from a standard or baseline value. A consistency score also may be based upon the framerate achievable by the
device when rendering a video at a constant quality.
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MEASURING USER INTERFACE PERFORMANCE CONSISTENCY

BACKGROUND

(60301} Coroputing device manufacturers often provide rouliiple devices with a range of
hardware and sottware capabilitics, specifications, and customizations. Each device may
have different CPU, GPU, and other architectures. The range of devices provided may be
particularty diverse in the mobile space, where a single manufacturer may provide multiple
versions of a single device, or a line of devices having sumilar or related hardware, For
example, a cellular device manufacturer may provide a series of devices that have nearly
identical hardware, but with minor differences depending on the specific architectare and
carrier with which the celiular device will be operating. Sirnilarly, the device manutacturer
may provide multiple versions of g single-branded device with different hardware

capabilitics, such as to provide devices at a range of prices or features.

18662} Computing devices also may access a variety of software through a common

platform. For example, mobile devices such as smartphones, tables, and the Hike may access
sottware applications via an application store. Application stores often have various
mechanisms to verify that devices are compatible with the software provided by the store.
However, within a set of compatible devices there may be wide variations from a

erforroance standpoint. The wide variations in performance may make it difficult for
application and content developers to provide a consistent user experience. There also may be
no easy way for an end user to determine the likely performance of a specific device owned
by the user, and thus the potential quality of the user experience of digital content on the

device.

BRIEF SUMMARY

[8063] According to an embodiment of the disclosed subject matter, a plurality of render
tirnes may be obtained, cach of which indicates the time elapsed time between rendering of
corresponding adiacent frames in a graphical display rendered by a first type of computing
device, where the graphical display comprises a phurality of frames. A consistency score may

he determined based upon the plurality of render times, and provided to a user of the first
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type of computing device. During rendering of the graphical display a plurality of
timestamps may be received, each of which cormresponds to one of the phurality of frames in
the graphical display. The render tirnes may then be derived from the plurality of
timestamps. A testing application may be executed on the first type of device, which causes
the first type of device to render the graphical display. The testing application also may
cause the first type of device to operate at a threshold workload prior to obtaining the

phurality of rendering times.

16604} The graphical display may include, for example, an animation rendered by the
first type of computing device, such as a user interface transition, a portion of a game or other
application, a scroll or other movement of a docuroent in an application on the device, or the

hike, and/or a video rendered by the first type of computing device.
» £ =2

16665] The consistency score roay be determined based on the number of render tiroes
that deviate from a constant value, the number of render times that are not within g threshold
of a constant value, a framerate of the video rendered by the first type of computing device
based upon the plurality of render tiraes, or the ike. For example, a framerate of video
playback by the first type of device may be determined, and a video consistency score

generated based upon the framerate.

16606} A graphics consisiency score, video consistency score, and/or a combined
consistency score may be provided to a user. Fach score may be provided in response to a
request received from the user, which is related to a computer-executable application
configured to render an animation, play a video, or a combination thereof, after which the

corresponding consistency score or scores may be provided to the user.

16307} The disclosed subject matter may provide efficient mechanisms o notity a user of
the expected performance of an application on the user’s device, such as a mobile device.
Additional features, advantages, and embodiments of the disclosed subject matter may be set
forth or apparent from consideration of the following detailed description, drawings, and
claims. Moreover, it is to be understood that both the foregoing summary and the following
detailed description are illustrative and are intended to provide further explanation without

fimiting the scope of the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[HIHES The accompanying drawings, which are incladed to provide a further
understanding of the disclosed subject matter, are incorporated in and constitute a part of thig
specification., The drawings also illustrate embodiments of the disclosed subject matter and
together with the detailed description serve to explain the principles of embodiments of the
disclosed subject matter. Mo attempt 18 made to show structural details in more detail than
may be necessary for a fundamental understanding of the disclosed subject matter and

various ways in which it may be practiced.

[REHEMH FIG3. 1 shows an example set of frames for an illustrative animation of a menu
appearing on two devices and associated timning according to an embodiment of the disclosed

subject roatter.

8010} FIG. 2 shows an example process according to an ernbodiment of the disclosed

subject matter,

(6611} FI1G. 3 shows an example arrangement according to an embodiment of the

disclosed subject matter,

16612} FIG. 4 shows a schematic represcutation of an example computing device suitable

for implernenting crboduments of the presently disclosed subject matter.

16613] FIG. 5 shows an exarople network arrangement according to an ernbodiment of

the disclogsed subject matter.

DETAILED DESCRIPTION

(6814} It may be desirable to provide test techniques and systems that can predict how a
particular device will perform when executing an application or a type of application. For
example, it may be useful to provide a mobile device user with an indication of how well &
particular application will perform on his device, prior to the user purchasing the application
through an application store. As a specific example, a user may be interested in purchasing a
video playback application on his smartphone. The application may provide video in
multiple qualities or resolutions, or there may be nwltiple versions of the application

available that provide video in different qualities, such as high definition (HD) and standard
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definition (SD). The user may not know prior to purchasing an application whether or not his
particular device is capable of rendering HD video without interruptions such as stuttering,
excesstve buffering, or the like. Thus, it may be desirable to provide the user with an casy-
to-understand indication of how well the application may perform when rendering HD video,

and/or when executing an application designed to provide HD-quality video.

[BGE5] Embodiments of the disclosed subject matter may address this need by testing a
device or type of device and assigning one or more consistency scores 1o the device. These
scores may then be provided to the user prior to the user purchasing an application, so that
the user can readily determine an expected performance level for his device when executing

the application.

16616} In an embodiment, inconsistent frame latency during an animation and/or the
quality of video playback may be measured while the animation or video is being rendered by
a device. The measurements across the vectors of frame latency and video playback quality
may provide an aggregate indicator of the potential quality of the user experience for
consuming digital content on the device, Digital content may include, for example,
applications, games, videos, and music. An animation may include a pre-made animation,
such as an animation of a scene within a game, or it may include user interface changes, such
as a menu appearing, the scroll of a webpage in response to a user input, changing from one

screen ot application to another, or the ke,

16617] FIG. 1 shows an example set of frames for an illustrative antmation of 4 meny
appearing on two devices and the associated timing for each device according to an
embodiment of the disclosed subject matter. At an initial time 110, a user may select a user
mtertace clement on a first device 101, afier which an application executing oun the device
may display an animation of the menu appearing on the device. In a testing process and
system, the user selection may be simutlated, such as by testing software that is designed to
perform or mimic actions that would be taken by a user interacting with the same application.
At each time thereaftor 120-124, a fraroe of the animation s rendered by the device. The
time difference between rendering of sequential frames may be measured, for example by
comparing timestamps taken when each frame rendering is completed. Although illustrated
in FIG. 1 using ouly § frames for clarity, it will be understood that the techuiques and
systems disclosed herein may be applied to any number of frames, and that a conunon

antmation on a computing device as disclosed herein often will inchide many more frames
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than are shown to illustrate the various processes and systems disclosed herein. Similarly,
the same operation and animation may be executed on a second device, which renders frames
at ditferent tiroes 130-134 than the first device. By comparing the differences in timestarops

of adjacent frames, a consistency score may be caleulated.

18018] For example, the devices illustrated in FIG. 1 may have the following timestamp

differences:
First Device Second Device
Transition Dhifference Transition Diifference
120 t0 121 0003 13010 131 0006
121 40 122 0004 131 10 132 L0035
12210 123 0004 13210 133 0004
123 10 124 0003 13310 134 D008
Average H0035 Average H0057S

From this, it may be determined that the first device exhibits g higher performance when
rendering animations, because the render times between adjacent frames are more consistent,
and/or becaunse the average difference in render fimes is lower. As described in further detail
below, the consistency measurement roay be use >d to generate & Lonxlskm‘v score that can

mdicate to g user the expected performance of the user’s device during normal operation.

633191 As another example, a test system may collect frame render data from a device,
such as via a service running on the device while one or more other applications is executed
by the device. The service may collect time stamps in sets of a certain nurnber, such as for
128 frames, 256 frames, or the like, and analyze the time stamps to determine the time
difference between rendering of each pair of adjacent frames. A constant time difference
between adjacent frames typically indicates a device that will provide a consistent user
experience. The nuraber of frames tor which there is a difference in the time rendering may
be determined, and this aggregate value may provide the user consistency score. Thus, in this
example, 8 higher score indicates a less-consistent user experience, as it indicates a higher
number of traroes for which there was a difference in rendering time. That 15, in general a
higher frame latency indicates a less consistent user experionce is expected for the device. A
score may be determined for a variety of use cases such as using a web browser, scrolling,
and a graphics application such as a game or rendered animation. Referring again to the
tlustrative device data above, the first device may be considered to have two time differences
of (004 that deviate from a constant vahie, with the lowest difference .0003 being considered

the “standard.” Alternatively, time differences may be considered to be the same if they are
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within a threshold of each other, such as 0001 in the example. In this case, the first device
would have no deviations in rendering time differences, and it would be determined that the
first device would provide a consistent user experience. Similarly, the second device may be
determined to have three render time differences that deviate from the “standard” of .0004,
which would indicate a less consistent user experience. If a threshold of .0001 is applied, the
second device may be considered to have two render time differences that deviate from the
standard. In cach case, it may be determined that the second device will provide a less-

consistent user experience than the first device.

(6628} A similar consistency score may be calculated for video playback, in addition to
or instead of the graphics consistency score. In an embodiment, video encoding and/or
decoding times for a device may be measured at a particular resolution and/or bitrate. The
framerate provided by the device while the quality of the video being encoded or decoded is
held constant may provide a video consistency score that indicates the consistency of a user
experience that can be expected for the device during video plavback. For example, a device
may be intended to support HD video. A system as disclosed herein may play an HD video
on the device at, for example, a constant 2 MB/s. The framerate achieved by the device may
mdicate the expected user consistency. For example, it the device 13 able to play 24 frames
each second, it may be determined that the device is capable of playing HD video at a quality
that provides a consistent user experience. Similarly, if the device is only able to play 18
frames per second while the quality is held constant, it may be determined that the device s
not able to provide as consistent a user experience, or that the device s not capable of

displaying HD video,

16621} Consistency scores may be derived from the frame latency and video playback
data, such as by determining a3 range into which this data falls and assigning a corresponding
consistency score. For example, a set number of fraroes mway be analyzed, such as 128, A
consistency score between O and 5 roay be assigned based upon the number of frames that
have a render time that differs from a constant time by more than a threshold amount. As s
specific example, a consistency score of 5 may be assigned if there are 0-10 such frames, 4 if
there are 11-20, 3£ 21-30, 211 31-40, 1 11 41-530, and O it there are S1 or more such frames.
Alternatively or in addition, if a number of frames over another threshold bave an
mconsistent render time, the device may be considered to provide an inconsistent user

experience. Similar ranges and thresholds may be used for video playback. For example,



WO 2015/031508 PCT/US2014/052967

consistency scores of 5, 4, and 3 may be assigned for framerates of 24, 20, and 16 frames per
second, respectively. The example thresholds and scoves disclosed herein are illustrative
only, and more geoerally any ranges and thresholds may be used as determined by a test
systern, application store, or the like. The consistency scores may be provided to a user, such
as a user accessing an application store via the device. The consistency score may be
provided as a single number, a visual indicator such as a star rating, or the like. In some
cases, either a graphics consistency score or a video consistency score may be provided,
depending upon the specific application being considered by the user. Alternatively or in
addition, a graphics consistency score and 8 video consistency score may be combined to
provide a composite consistoney score that 18 associated with the device. For example, the
graphics consistency score and the video consistency score may be averaged, sunmimed, or
otherwise combined to generate a single score. In some cases, the graphics and video
consistency scores may be weighted, sach as where the graphics consistency score is a value
in the range 1-4 and the video consistency score is a value in the range (-1 (i.e., only
designating a consistent or inconsistent user experience), and the two are added to produce a

consistency score in the vange 1-5.

16632} FIG. 2 shows an example process according to an embodiment of the disclosed
subject matter. At 205, a plurality of vender times may be obtained. As previously desceribed,
cach of the plurality of render times indicates the time clapsed time between rendering of
corresponding adjacent frames in a graphical display rendered by a first type of computing
device, which inchudes muldtiple frames. The graphical display may be an animation or video
rendered by a device. For example, the render times may be the difference between
timestamps of adjacent frames in an animation or video. Similarly, the render times may be
equal to the framerate of a rendered video that s played by the device at a constant quality.
The type of device may be, for example, a specific model and version of computing device,
such as a specific model of a smartphone, tablet, or the like, which may include a specific
version of operating system or other software. The render times may be obtained, for
example, by executing a testing application on a specific instance of the type of device, e, a
single individual device of the model of interest. It may be presumed that the render times
are an accurate representation of render times that would be obtained for any individual
device of that particular model, since generally any device of the same model will have

identical or nearly identical hardware and software,
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(6623} To obtain the render times, timestamps for individual frames may be recorded
while the device is rendering the graphical display. From these timestamps, the render tiroes
may be derived as the difference hetween adjacent timestamps. The timestamips may be
obtained based upon, for example, a testing application executing on the device, which
monitors rendering of the graphical display and records the individual timestamps. The
testing application also may cause the device to execute an application that renders the

graphical display.

18624} In some cases, the testing application may cause the device first to operate above a2
minimum threshold workload, prior to monitoring rendering of a graphical display. For
example, one or more services and/or other processes may be executed on the device, and the
testing application roay take raeasurements while the processes are executing, Such a
configuration may be useful to simulate actual use of the device by a user under normal
operating conditions. Often a user will have multiple applications instalied and/or executing
on the device, or may be performing roultiple operations on a device., Thus, causing the
device to operate at 2 minimoum workload prior to measuring the render times of animation
frames may cause any resulting consistency score to be a more accurate representation of the

consistency that a user may expect during routine operation of a device.

[6635] At 210, a consistency score may be determined based upon the render timnes. As
previously described, the consistency score generally may indicate the degree of consistency
that may be expected for a user’s experience when using the type of device. The consistency
score may be based upon, for exampie, the number of frames in an animation that deviate
from a constant value, the average render time of adjacent animation frames, the framerate of

a played video, or combinations thereof as previcushy described.

18626} The consistency score may be provided to a user at 215, For example, a user may
access an application store via a mobile device of the type for which consistency scores were
generated. The application store may provide a consistency score to the user, either generally
in association with the user’s device, or in response to a request related to a specific
application. The user may select an application to be viewed, opened, installed, or otherwise
accessed by the user’s device. In response, the application store may provide an indication of
the consistency score to the user, In some cases, the application store may provide one or
more consistency scores with each listing of an application within the store, where the

consistency score(s) are based upon the device that accesses the application store. Further,
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the application store may use the consistency score(s) to determine which applications should
be shown to the user. For example, if a user’s device has a consistency score that indicates a
particular application will perform at a relatively very low consistency on the user’s device,
the application store may not display that application as an option for the user to download
and/or install on the user’s device. Alternatively, if the user’s device has one or more
consistency scores that fall below a threshold, the application store may present a warning to
the user indicating that a particufar application may not provide a consistent user experionce

on the user’s device.

(6627} For example, a user may select an application within an application store accessed
via the device. The application store may then provide au information screen to the device,
which inchudes information such as the application name, developer, jnstall size, description,
and the like. In addition, the application store may provide an indication of the consistency
score, such as by displaying a star rating assigned to the device. The specific consistency
score provided roay be specific 1o the type of device used to access the store, It also may be
based upon the application and/or the type of application accessed by the user. For example,
if the application is a video plavback application, the application store may provide an
indication of the video consistency score. The application also may provide an indication of
a corapostie consistency score, which may or may not be provided in association with a

specific application.

13628} FIG. 3 shows an example arrangement according to an cmbodiment of the
disclosed subject matter. The arrangement inchides a test system 320 and/or test device 330
The test systern 320 may be separate from and 1o coramumnication with the test device 330, or
it may be implemented directly on the test device 330 A test application 325 may be used to
instruct the test device 330, such as to execute a test application 335 and/or one or more other
applications 335 installed on the device. Frame render data may be collected by the test

systera 320 and/or the test application 325/335.

16629 Based upon the trarae render data collected by the test system 320, a consistency
score may be generated as previously described and provided to an application store 310 that
can provide one or more applications 315 to user devices. As previously described, the
consistency score may be provided to a user device 340 on which one or more applications

345 are, or may be, instalied. Typically, the user device 340 s the same type as the test
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device 330, so that the consistency score provides an accurate representation of the expected

consistency of the user expericnce on the user device 340.

16636} Embodiments of the presently disclosed subject matter may allow a user to readily
determine if his device is capable of providing a consistent user experience when executing
various applications. Erabodiments also may provide techniques for device providers to
improve the consistency of the user experience on a specific device or range of devices. For
exarnple, many devices may implement various performance and power optimizations, such
as where mobile devices use a governor to regulate the CPU frequency, capacity, maximum
clock frequency, and the like. The governor also determines how, and for how long the CPU
responds to user interaction and, therefore, determines the power consumption of the device.
There are nurnerous approaches to tuning a governor, which may impact the user expericnce
on the mobile device. However, because embodiments of the present disclosure measure and
rate the consistency of the end user experience, CPU and/or device manufacturers may be
able to improve or differentiate their products by optimizing the CPU and/or related
architecture based on the desired user experience. Similarly, embodiments disclosed herein
may provide and end user with a simple indicator to determine the expected quality of their

UsSer exXper ence.

18631} Embodiments of the present disclosure also may encourage hardware providers to
tune devices to provide a consistent user experience. Some conventional testing and
benchmarking techniques may use known programmatic routines or tests to generate a
performance score. Thus, device and software providers may be motivated to tune devices
and software to operate differently when these tests are performed, and/or to be tuned based
on the requirements of these tests, as opposed to more realistic operating conditions that may
be experienced by users. In contrast, technigues and systems as disclosed herein may test the
performance of a device when rendering different types of graphical interfaces, under
counditions that are sirnilar or identical to those that may be experienced by a user during
regular operation of the device. Thus, if device providers tune devices to perform well when
subjected to the tests disclosed herein, the devices also may perform well during regular
operation and thus provide a more consistent user experience than may otherwise be

achieved.

18632} Embodiments of the presently disclosed subject matter may be implemented in

and uvsed with a variety of component and network architectures. FIG. 4 is an example

10
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computing device 2¢, such as a smartphone, pad computer, or the like, which is suitable for
implementing erbodiments of the presently disclosed subject matter. The computing device
20 inchades a bus 21 which interconnects major components of the device 20, such as a
central processor 24; a memory 27 (typically RAM, but which may also include ROM, flash
RAM, or the like); a user display 22, which may include a touchscreen or other user
interface; a fixed storage 23, such as a hard drive, flash storage, or other solid-state storage,
and the like, and a removable media component 25 operative to control and receive a flash

drive, memory card, or the like,

16633} The bus 21 allows data communication between the central processor 24 and the
memory 27, The memory is gencrally the main memory into which the operating system and
application programs arc loaded. Applications resident with the coraputer 20 are generally
stored on and accessed via a computer readable mediurm, such as the fixed storage 23 or other

storage medium 25,

160334} The fixed storage 23 may be integral with the computing device 20 or may be
separate and accessed through other interfaces, such as a cloud-based interface. A network
interface 29 may provide a direct connection to a remote server via a direct or indirect
network link including a digital cellular telephone connection, a wireless LAN or other
network connection, a digital satellite data connection, or the ike. For example, the network
interface 29 may allow the coraputer to communicate with other computers via one or more

focal, wide-area, or other networks, as shown in FIG. §

[3G35] Many other devices or components (not shown ) may be connected in a similar
manner. Conversely, all of the components shown in FIG. 4 need not be present to practice
the present disclosure. The compounenis can he interconnected in different ways from that
shown. The operation of a computer such as that shown in FIG. 4 is readily known in the art
and is not discussed in detail in this application. Code to implement the present disclosure
can be stored in computer-readable storage media such as one or more of the memory 27,

fixed storage 23, removable media 25, or on a remote storage location.

18636} FIG. 5 shows an exarple network arrangement according to an embodiment of
the disclosed subject matter. One or more user devices 18, 11, such as local computers, smart
phones, tablet computing devices, and the like, may connect to other devices via one or more

networks 7. The vetwork may be a local network, wide-area network, the Toternet, or any

11
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other suitable communication network or networks, and may be implemented on any suitable
platform inchuding wired and/or wireless networks. As disclosed herein, the user devices 10,
11 may conunect 10 a remote application store 15 or other similar service, which may be
implemented on one or more servers, provided as a cloud-based service, or the like. A test
system 13 also may comimunicate with a test device 17 to perform the tests disclosed herein,
and/or an application store 15 to provide consistency scores as disclosed herein, Oune or more
of the test device, test system, and/or application store also may be located locally, and thus
may not need to communicate via a wide-area network, For example, the test system 13 and
test device 17 may be located locally to one another, or may be implemented as a single
systern, such as where the test systern 13 5 implemented as an application that is executed on
the test device 17. Similarly, the test system 13 may communicate with the application store
15 over a separate communication channel, such as a secure connection, VPN, local network,

or the fike.

8637} Various ernbodirnents of the presently disclosed subject moatter may include or be
embodied in the form of computer-immplemented processes and apparatuses for practicing
those processes. Embodiments also may be embodied in the form of a computer program
product having computer program code containing instructions embodied in non-transitory
and/or tangible media, such as hard drives, USB (universal serial bus) drives, CD-ROMs,
DVDs, or any other machine readable storage medium, such that when the computer program
code is loaded into and executed by a computer, the computer becomes an apparatas for
practicing embodiments of the disclosed subject matter. Embodiments also may be embodied
in the form of conputer program code, for example, whether stored in 3 storage medium,
loaded into and/or executed by a computer, or transmitted over some fransmission medium,
such as over electrical wiring or cabling, through fiber optics, or via electromagnetic
radiation, wherein when the coraputer program code 1s loaded into and executed by a
computer, the computer becomes an apparatus for practicing embodiments of the disclosed
subject matter. When implemented on a general-purpose microprocessor, the computer
program code segmeuts configure the microprocessor to create specific logic circuits. o
sorae configurations, a sct of computer-readable instructions stored on a computer-readable
storage medium may be tmplemented by a general-purpose processor, which may transform
the general-purpose processor or a device containing the general-purpose processor into a
special-purpose device configured to implement or carry out the instructions. Frobodiments

may be implemented using hardware that may include a processor, such as g general purpose
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microprocessor and/or an Application Specific Integrated Circuit (ASIC) that embodies all or
part of the techumiques according to embodiments of the disclosed subject matter in hardware
and/or firmvware. The processor may be coupled to memory, such as RAM, ROM, tlash
memory, a hard disk or any other device capable of storing electronic information, The
memory may store instructions adapted to be executed by the processor to perform the

techniques according to embodiments of the disclosed subject matter.

{8038} The foregoing description, for purpose of explavation, has been described with
reference to specific embodiments. However, the ilfustrative discussions above are not
intended to be exhaustive or to limit embodiments of the disclosed subject matter to the
precise forms disclosed. Many modifications and variations are possible in view of the above
teachings. The embodiments were chosen and deseribed in order to explain the principies of
embodiments of the disclosed subject matter and their practical applications, to therchy
enable others skilled in the art to wtilize those embodiments as well as various embodiments

with various modifications as may be suited to the particular use contemplated.
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CLAIMS

i A method comprising:

obtaining a plurality of render times, each of the plurality of render times indicating
the time elapsed time between rendering of corresponding adjacent frames in a graphical
display rendered by a fivst type of computing device, wherein the graphical display comprises
a plurality of frames;

determining a consistency score based upon the phurality of render tiraes; and

providing the consistency score to 4 user of the first type of computing device.

&

The method of claim 1, further comprising:

during rendering of the graphical display by the first type of computing device,
recording a plurality of timestamps, each of the plurality of timestamps corresponding to one
ot the plarality of frames in the graphical display; and

determining the plurality of render tirnes based upon the plorality of timestamps.

3. The method of claim 2, further comprising:
executing a testing application on the first type of device, wherein the testing

application causes the first type of device to render the graphical display.

4. The method of ¢laim 3, wherein the testing application further causes the first type of

device to operate at a threshold workload prior to obtaining the plurality of rendering times.

5. The roethod of claim 1, wherein the graphical display is an animation rendered by the

first type of computing device.

6. The method of claim 5, wherein determining the consistency score further comprises:

determining the number of render times that deviate from a constant vahie,

14
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7. The method of claim 5, wherein determining the consistency score farther comprises:
determining the mumber of render times that are not within a threshold of a constant

value.

3. The method of claim |, wherein the graphical display is a video rendered by the first

type of computing device,

9. The method of claim &, wherein determining the consistency score further comprises:
determining # framerate of the video rendered by the first type of computing device

hased upon the plurality of render times.

14, The method of claim 1, firrther comprising:
measuring a framerate of video playback by the first type of device; and

deterroining a video consistency score based upon the framerate.

1t The method of claim 10, further comprising:

providing the video consistency score to the user,

12, The method of claim 10, further comprising:
in response 1o a request received from the user, determining that the request is related
to a computer-executable application configured to play a video; and

based upon the determination, providing the video consistency score to the user.

13 The method of claim 10, further comprising:
in response 1o a request received from the user, determining that the request is related
to a computer-executable application configured to generate an anirpation; and

based upon the determination, providing the consistency score to the user.

15
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14, The method of claim 10, wherein the consistency score is further based upon the

video consistency score.

16
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