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(57) Abstract: Example implementa-
tions relate to generating application
flow entities. Some implementations
may include accessing a series of image
frames from a test execution of an ap-
plication and comparing, using an ap-
plication test analysis device comprising
a digital image processor, the image
frames to each other to identify a subset
of the image frames. The subset of im-
age frames may be identified, for ex-
ample, based on actions occurring dur-
ing the test execution. Some implement-
ations may also include automatically
generating, using the application testing
system, an application flow entity that
represents the test. The application flow
entity may be generated based on the
subset of image frames.
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GENERATING APPLICATION FLOW ENTITIES

BACKGROUND

{0801]  Applications may be developed for a wide range of
computerized devices including individual computers, networked computer
systems and mobile phones. Within each such context, applications may be
developed for an even wider range of different uses. Duiing development, an
application or program may be tesied, perhaps repeatedly, 1o ensure proper
axscution, idsniify and eliminate bugs and optimize usability. Developers may
learn how 10 improve the application under development from these tests,

BRIEF DESCRIPTION OF THE DRAWINGS

{80021  The accompanying drawings Hlustrate various implementations
of the principles described herein and are & part of the specification. The
ifustrated implementations are merely examples and do not limit the scope of
the claims.

{0803] Fig. 1is a flowchart showing an example method of generating
application flow entities consistent with disclosed implemantations.

[8004] Fig. 2 is a flowchart showing an example method of generating
application flow entities consistent with disclosad implementations.

[0D05]  Fig. 3 is a diagram showing an sxample method of generating
application flow entilies consistent with disclosed implemantations,

[0008]  Figs. 4-8 are example illustrations of an application under test
used to identify significant screens consisient with disclosed implementations.
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JOO87Y  Fig. 7 is an example illustration of an application test analysis
device consistent with disclosed examples.

fGO88]  Fig. 8is an example Bustration of a system for generatling
application flow entiies consistent with disclosed examples.

{00081 Fig. 9 is an example Hustration of a non-transitory memory
containing instructions for generating application flow entities consistent with
disclosed examples.

[0810]  Throughout the drawings, identical reference numbers
designate similar, but not necessarily identical, elements,

DETAILED DESCRIPTION

{0011}  Asindicated above, applications may be developed for many
devices, in different contexds, 1o serve any number of uses. During
development, applications may be tested, perhaps repeatedly, 1o ensure proper
execuiion, identify and eliminate bugs and optimize usability. Developers may
document and may compare different tests {o learn how o improve the
apphication.

{0012} One way of documenting an application lest exacution may be
o make a video recording of the oulput of the application throughout the {est.
This may be done by recording the images on the screen or display device of &
host system on which the appilication is being tasted. Such g video recording
may caplure any actions that occur during the test that are echoed on, or ouiput
by the application 1o, the visual display. This will generally include receiving
user input from a user inpu device, such as a keyboard of mouse, and the
application’s response to that user input.

(00131 While this video recording may document the test exacution of
the application, the video recording itself is unstructured daia. Thus, a
developer may need {0 waich the entire video recording to undersiand the
application flow that occurrad during the test exscution. This may be
cumbersome if the developer wants to more quickly understand the application

flow or focus on 8 particular aspect of the text execution.
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[0014]  Additionally, the amount of data in the video recording can be
significant. If multiple tests are executed to {ry various scenarios or compars
executions under a8 single scenario, the volume of video data recorded may
becoms cumbersome 1o store and manage.

[0018]  To address thase issues, implemeniations consistent with
disciosed examples describe generating application flow entities. In some
implementations, an application flow entity may represent each tes! execution of
the application and, as will be describad in more detail helow, may allow a
developer to more guickly and sasily document and understand the application
flow that occurred during a corresponding test exscution of the application.

{0818]  In the following description, for purposes of explanation,
spacific detalls are set forth in order to provide a thorough understanding of the
disclosure. it will be apparent, howsver, to ong skilled in the art that examples
consistent with the prasent disclosure may be practiced without these specific
details. Referance in the specification to "an implementation,” “an example” or
similar language means thal a particular feature, structure, or characleristic
dascribed in connaction with the implementation or example is included in at
least that one embodiment, but not necessarily In other embodiments. The
various instances of the phrase “in one implemantation” or similar phrases in
various places in the specification are not necessarily all referring to the same
embodiment,

fB817]  As used hersin and In the claims, the term test execution of an
application refers to a test in which an application under {est is exscuted on g
host system, which could be any device capable of exscuting applications. The
exacution may include actions taken manually by a user, for example, as inpuls
to the application under test. The output from the application under test may be
displayed on a screen or display device of the host sysiem on which the lest is
being exacuted.

[0018]  As used herein and in the claims, an application flow eniity
may bs a collection of data that represents or documents a particular test
execution of an application. However, the application flow entity is 8 smaller sef

of data than a full video record of the test execution so as 1o facilitate storage
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and analysis. In some implemeantations, the collection of data may be
generated after the test execution of the application, and may include a portion
of the data gathered during the test execution. For example, an application flow
entity may include a number of image frames output during a lest exacution of
an application and/or other information about a particular test exscution of the
application. For example, an application flow entity may include image frames
identified as being significant screens in an applicalion flow, As will be
described balow, in some implemeantations the application flow entity may have
one of two tiers. For example, a one tier application flow entity may include
image frama(s) identified as being significani screens in the application flow. As
another exampie, a two tier application flow entity may include a second fier in
which these significant soresns hava been grouped according to a
corrasponding application screen.

{80181  As used hersin and in the claims, a “significant” frame may be
& frame indicating an action occwring during the test exgoution of the
application. The action may be an action of user input or responsive 1o user
input or may be an action occurring from operation of the application
independent of direct user input. An image of & significant soreen may also be
referred to as a "significant screen.”

{00281 As used herein and in the claims, an application screen may a
screen output by the application under test. Various different actions may be
taken on a single application screen befors that screen is changed by the
application. A change in application screen may oceur, for exampls, when the
application moves from one phase of operation 1o another and/or changes the
graphical user interface presented {o the user.

f00211 In an example of the principles disclosed hereln, a8 method may
include accessing a series of image frames from a test execution of an
application; comparing, using an application fest analysis device comprising @
digital image processor, the imags frames 1o each other to identify a subset of
the image frames, the subset of image frames being identified based on actions
ocourting during the test exsoution; and  automatically generating, using the

application tesling syslem, an application flow eniity that represenis the test
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execution, the application flow entity being generated based on the subset of
image frames. A similar example will now be discussed further with respect to
Fig. 1.

{60227  Fig. 1is a flowchart showing an example method of generaling
application flow entities consistant with disclosed implementalions. As
described above, a test execution of an application may be performed 1o assist
in the devalopment of that application. The test produces g series of image
frames that show the visual output of the application on a display device of the
host system where the test was conducted,

[0023] This serles of image frames can be generated in a number of
ways, For example, & video camera can be used 1o video the display davice of
the host system during the fest execution. In this case, the video fesd used for
subsequent analysis may be compressed by {aking only one image frame every
50 milliseconds or &l some other period and discarding intervening frames.

[0024] In ancther example, the host system may capiure a screenshat
of the output on its display device periodically. This might be every 50
milliseconds or some other interval. Additionally, this operation may include
tuning the interval between the taking of screanshots based on application type
or user behavior. For example, the interval between image frames can be tuned
depending on the type of application under tast or depending on the level of
user activity solicited by the application. During period of relatively heavy user
input or application cutput, image framas may be selected more frequently than
al other pericds during the {est execution.

{00281  In some of thesa examples, a series of image frames may be
produced from the test execution of the application. The method of claim 1 may
include accassing {100} this series of image frames for analysis. This is
axplained in further detail below in Figs. 7 and 8.

[G026] The images are compared (102). For example, each image is
compared to the immediately preceding image in the series. This comparison is
a "visual" comparison of the appearance ong frame as against a subsequent
frarme. Though, this comparison is referred to as visual, it is performed

elecironically by comparing the digital image date for one frame againsi that of
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another. “Visual” comparison in this context is not meant (o infar that a human
user manually compares the appearance of two frames.

{00271 Through this comparison, a subset of image frames, i.e, only a
fraction or less than the whole of the series of image frames, is selected. This
subset of image framas may be the frames in which an action was occurring in
the autput of the application as shown on the display device of the host system.

{6028] During the test exscution of the application, there will be
actions that occur that are reflected in the visual oulputl, such as a user entering
input, the application responding, the application producing output, efe. In
betwsen these events, there will be times at which no action is ocourring. For
axample, the application may be walling for user input or maybe processing
data without any output or changa being made to the visual display. The subset
of image fames selected will correspond o the points in time at which actions
are ocourring as reflscted on the display device showing the visual output of the
application, while image frameas from the times between or apart from thease
moments of action will not be selected for the subset. The image frames
documenting the actions that occurred during the test execution may be referred
o as being “significant,” whereas image frames in which no action was
ccourring on the display device are not significant for purposes of understanding
or documenting the test execution of the application. Examplas of how the
significant image frames may be identified are described below.

{0629]  This subset of image frames may be used to generate (103} an
application fiow entity. In some implementations, an application flow entity may
ke an electronic collection of data that may inciude only the selected image
frames from the test execution of the application. The application flow entily
may include other data from the test execution of the application, such as a
record of the user input entered, an identification of the host system and
hardware and operating system environments, and other information
characterizing that particuiar test sxecution.

{00387  Fig. 2 is g flowchart showing an example method of generating
application flow entities consistent with disclosed implementations.  As will be

described with regard o Fig. 2, the number of image frames used o generale
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an application flow entity may be further reduced from the number of frames
identified as “significant.”

[0831]  The method of Fig. 2 may include accessing {(401) a series of
image frames from a est execution of an application on a host system. The
image frames may be compared (202) to identify a subset of significant image
frames.

[0033]  This may be done, for example, by quaniifving a difference
hetween the digiial datg for a first frame as compared to that of a second frame.
For example, each pixal in a frame has numaeric data that define the
appearance, for example, the color, of the pixel, The pixel data for each frame
can be evaluated to determine and to quantify how much that pixel data has
changed hetween frames. This also quantifies a visual difference betwaeen the
frames if presenied on a display device. if there is no difference in the pixel
data from frams to frame, the frames will appear identical when displayed. if
something has changed in the image to be displayed, that change will be
refiected in the pixel data. I this difference excesds a threshold value (203),
then the second or “changed” frams is designated as a “significant” frame and
added {204} {o the subset. Additionally or alternatively, a frame couid be
selected as “significant” based on an amount of user input, such as mouse
movas of clicks, associated with that frame. When the last frame has been
evatuated for significance {205}, the procass may advance.

{00331 The method may nclude determining which frames in the
subset of image frames comespond 10 a same application screen from the
application; and grouping together the image frames of the subset that
correspond to a sames application screen. With reference {o Fig. 2, the method
includes grouping (208} the frames in the subset of significant frames according
to which frames come from the same corresponding application soreen. During
the cperation of an application, a number of different screens may be
presented. On any such screen, any number of acticns might ocour, for
axarnple, two different parameters input by a user to a single application screen.

Each of those inputs would be an action occurring during the test execution,

Each wouid be represented by an image frame gonsidered “significant,” but both
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wotild correspond 1o the same application screen. H the application then
presents a new screen, there may be a subsequent number of aclions and
significant frames associated with that next application screen.

[8034] Thus, in Fig. 2, the significant frames of the subset may b
compared o determine which come from the same underlying application
screen. This may be done by another “visual” comparison of those image
framnes. The difference between frames is quantified and compared. fthe
gifference is below a threshold (2073, this may indicate that the majority of the
framas are identical, indicaling that both come from the same underlying
application screen. In this case, the frames may be grouped (208} as
corresponding to a same application screen. This may continue until ali the
frames have been evaluated (208},

{00358} Each group of frames corresponding to a single application
screan may be represented subsegquently by the lastin-time frame from that
group. The output is a second subsel of image frames, each representing a
group of frames from a commeon application screen in the subset of significant
frames.

j0038]  iUsing the subset of significant frames, an apphication flow
entity is generated (210). This application flow entity may include both the
subset of alf significant frames and the smaller subset of significant frames each
representing a group of frames from a common application screen.
Altarnatively, the application flow entity may include only the smaller subset of
image frames. The smaller the application flow entity is, the more readily it can
be stored and used in a subsequent analysis that compares different test
axecutions of the application.

[00371  Insummary of Fig. 2, an lllustrale method includes accessing a
serias of image frames from a test execution of an application; comparing, using
an apphcation test analysis device cormnprising a digital image processor, the
image frames 1o each other fo identify a subset of the image frames, the subset
of image frames being identified based on actions oecurring during the test
execulion; and automatically generating, using the application tesling system,

an application flow eniity that represents the test execution, the application flow
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eniity being generated based on the subset of image frames. The method may
include using the application flow entity by compariscon with another application
flow entity to evaluate different lest executions of the application.

{00381  The subset of frames may be identified by comparing each
frame {0 2 previous frame in the serias. This may be done by determining a
degrae of change between compared images from the series of image frames;
and when the degree of change exceads a threshold, adding a corresponding
frame o the subset of imagse frames.

[0038]  The method may further include determining which frames in
the subset of image frames correspond 10 a same application screen from the
application; and grouping together the image frames of the subset that
corraspond to a same application screen. This is done by comparing frames of
the subsst io each other to determine a difference between each pair of frames;
and, when the difference between a pair of frames is below a threshold,
assigning that pair of frames as corresponding to @ same application screen. To
further reduce the size of the dala, the method may includs representing an
application screen with a last significant frams in the series that corrasponds to
that application scraen.

[8048]  Fig. 3is an ilfustration for showing an example method of
generating application flow entities consistent with disclosed implementations.
The methad begins By accessing a stream or serles of imags frames (300} from
a test execution of an application. As indicated above, this series of frames
{300} may be video of the display device showing cuiput from the application
under test or a series of soresnshols taken by the host device on which the
application test is conducted. The host device and the production of the series
of image frames (300} will be described below with reference o Fig. 8.

[8041]  As shown in Fig. 3, some of these image framas are identified
as being “significant,” meaning that they document an action oocurting in the
test of the application, such as user input, an application response o user input,
or a development in the application’s own process shown in the visual output of

the application. The significant image frames are collected as g first subset
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{301}, This, and the subseguent analysis, may be performed by the application
test device described below with reference to Fig. 8.

[3042] These frames are grouped according 1o which show or
correspond to the sams underlying application screen. From aach such group,
a representative image frame may be taken fo form a second subset (302}, For
axample, the fast-in-iime frams from sach group may be iaken as the
representative frame for that group 1o be included in the second subset (302).

{68431  An application flow entity (308) is generated basad on the
subsets of frames. The application flow entity (305} may be generated in
several different ways depending on the needs and preferences of the
application developer. For sxample, the application flow entily {308} may
include both the first and second subsets of frames (301 and 302) along with or
without other information, described herein, about the test execution of the
application.  In another exampile, an application flow entity (305-2} may only
include the second subset of frames (302}, with or without other information
about the corresponding test execution of the application. This would
application flow entity (305-2) would have the smallest size and demands on
storage and procassing resources.  Lastly, the application flow entity {(305-1)
may include only the first subset of significant frames, with or without sther
information about the corresponding lest exscution of the application.

[0044]  Figs. 4-6 are example llustrations of an application under test
used {o identify significant screens consistent with disclosed implementations.
With reference to Fig. 3, Figs. 4-6 would represent three of the frames in the
serias (300).

[0045] In Fig. 4, an application soreen (400} is imaged in the
Hlustrated frame. Aftention is drawn by the circle (403} in broken line 10 an input
field of the application screan. The field is labeled "USERS” (401) with a
corresponding box (402} in which a quantity of users can be specified. Inthe
lustrated frame, that quantity is given as “1."

[6048]  In a succeeding image frame, shown in Fig. 5, g change has
ocourred. The user has invoked a cursor in the box (402) so that the quantity

specified can be changed. This user action is reflected in the visual oufput of

10
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the application by a cursor in the box {402}, In Fig. 5, this cursoris shown as a
highlight on the number in the box with the background and foreground colors
reversed.

{0047) i the imags frame of Fig. 4 were comparad visually 1o that of
Fig. 5, a change would be evident. in the digital data, this visual change would
be indicated by the pixels representing the addition of the cursor, described
above, changing o indicate the presence of the cursor. This visual change
signals to the system that the image frame of Fig. 8 is "significant” because it
records an action occurmring, in this case, the user invoking a cursor to change
the value in the "USERS” field.

[0048] Next, in the image frame of Fig. G, the user has antered a new
value in the "USERS” field (402) of “10." As before, If this image frame is
compared to elther of the eatdier image frames, a visual difference will be
detected in the pixels of the field or input box (402). Consequently, the image
frame of Fig. 6 will be considered "significant” because i also records an action
occurring in the test execution of the application, in this case, the change in the
number of users specified to “10.7

100481  Referring again fo the exampls of Fig. 3, all the image frames
of Figs. 4-6 show and represent the same application screen, though in three
different states. Accordingly, with reference o Fig. 3, the significant frames
from Figs. 4-8 would be identified as corrasponding io the same underlying
application screen and grouped togsther within the subset (301). if the second
tier of analysis i3 being used, only ong of them, for example, the last-in-time,
would be selected for inclusion in the second subset {302).

[00581  Fig. 7 is an example Hlustration of an application test analysis
device consistent with disclosed examples. As shown in Fig. 7, the example
application tesi analysis device (700} includes an interface (701) for accessing a
series of image frames from a lest execution of an application; a processor
{704} with associated memory {708); and a digital image processor {702) for
comparing the image frames to each other to identify a subset of the image
frames, the subset of image frames belng identifiad based on aclions ocourring

during the test execution. The processor will operate the interface, memery and

11
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digital image processor to implement the techniques described herein to
generate an application flow entity (703) that represents the {ost sxecution, the
application flow eniity being generated basad on the subset of image frames.

100511 As described hersin, the digital image processor is further to:
determing which frames in the subset of image frames correspond 10 a same
application screen from the application being tested; and group the image
frames of the subset according fo corresponding application screen. The
application flow entity may include one represeniative image frame from each
group of image frames.

[0052] Flg. 8 is an example Husiration of a system for generating
application flow entities consistent with disclosed examples. As shown in Fig. 8,
a test of an application (710} is performed on & host system (711}, Inthe
iHustrated exampie, the host system (711) is a computer including a monitor
{713). However, as noted abovs, the host systern could be any device capable
of executing an application including, but not limiled to, a laptop computer, ablel
compuler or smartphone.

[0053] The test of the application is recorded visually, as described
above. In some examples, this may be done using a camera (717) which
videos the display device {713) of the host systerm (T11) throughout the test,
Alternatively, the host system (711} may include a screenshot grabber (712}
that periodically outputs a screenshot of the output on the display device {713)
of the host systam. The screenshot grabber {712} may be a software
compaonent running on the host device (711), for example, a browser plug-in or
client application.

{00541  As described above, a seties of image frames from the
application test execution, either from the camera (717} 1o the screenshot
graboer (712}, are avaliable 10 an application test analysis device that genarates
an application flow entity as described. In the llustrated example, the host
sysiem (711) is a separate device from the application test analysis davice (700)
and provides the series of image frames {o the application fest analysis device
{700) via a natwork (705). This network {(705) could be any computer network,

for example, the internet or a local area network at the facility of an application

12
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developer. Howsver, the spplication test analysis device could alternatively be
incorporated info the host system 50 as to be part of the system on which the
test execution is performed.

[00558] Examples of the application test analysis device (700} may
include hardware, or a combination of hardware and programming. In some
examples, however, the application test analysis device could be implemented
entirely in hardware.

(30581  The interface {(701) may be, for example, a nstwork interface to
aliow the devics (700) to accass the image frame series from: the host system
{711). The image frame series may be transmitted from the host system (711}
to the application test analysis device {700) direcily. Alternatively, the image
frame series may be archived at some network-accessible location from which
the test analysis device (700) retrieves the image frame series using the
interface (701}

[00571  The digital image processor (702) may be a dedicated graphics
processing unit (GPU). Alternatively, the digital image processor (702} may be
a general processor specifically programmed to perform various aspecis of the
mathods described above,

[0058] The digital image processor (702) compares frames from the
saries of image frames oulput by the host system {711}, This comparison may
be, as described above, to determine & first subset of significant image frames
from among the serias of image frames from the host system {711}
Additionally, the comparison may be, as described above, to group significant
image frames according 1o a corresponding application screen.

[G058]  The application test analysis device (700) outputs an
application flow entity (703). Varlous different examples of the application flow
aniity are describad abovs., The application flow entity (703} is much easier to
store and use in analysis than would be the entire stream of image framss from
the host system (711). The application flow entity (703} records a particuar test
execution of the application under lest {710} and can be used o undersiand that
test execution and compare that test execulion to other test executions,

inchading those using the same or g different fest scenario or seoript.
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(60631 In other examples, the host system couid be a compuler
systam owned and operated by a non-professional application tester operating
remotely. This approach, called crowd testing, allows an application davelopsar
to pay anyone 1o test certain fows manually on, for exampla, a per hour basis or
per defect found basis. In such sxamples, the application developer provides
the volunteer tester with a testing client or browser plug-in that will run on the
tester's machine o provide the functionality of the host device (711) described
herein. For example, the testing client or browser plug-in may provide the
screen grabber describad herein that returns screenshots of the application test
execution o the application developer for analysis as described above,

{00641  In other examples, such a client or browser plug-in could be
used by a machine after the application has aclually been deployed in a real
production snvironment. This may be desired when the actual production
snvironment or specific uses cases are too complex or expensive {0 reproduce
in a lab test setting, yet further analysis and debugging of the application are still
needed.

[0062]  Fig. 9 is an example illusiration of a non-transitory computer-
readable madium containing instructions for generating application flow entities
consistent with disclosed examples. In the lllustrated example, a computer-
readabie medium {805} contains comprising instructions that, when executed,
cause g processor of an application test analysis device to: operate (801} an
interface 1o access a series of image frames from a test execution of an
application; compare (902}, using a digital imags processor, each image frame
to preceding image frame to identify a subset of the image frames, the subset of
image frames baing identified bassad on actions occurring during the test
axecution; and, automatically generate (803) an application flow entity that
reprasants the test execution comprising at least some of image frames from
the subset of image frames. The instructions may also determine which frames
in the subset of image frames corespond 1o g same application soreen from the
application being tested; and group the image frames of the subsat according to

corresponding application soreen.
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[0083] A non-transiory computar-readable medium may include, for
example, a hard-drive, a solid-state drive, or any other device from which
instructions can be read by a procassor, including Random Access Memory and
other forms of volatile memory. In some examples, the computer readable
madium (905) may be the meamory device {705) shown in Fig. 7 in the
application test analysis device.

[6084]  The preceding description has been presentaed only to illustrate
and describe examples of the principles described. This description is not
intended to be exhaustive or 1o limit these principles fo any precise form
disclosaed. Many modifications and variagtions are possible in light of the above
feaching.
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CLAIMS

WHAT IS CLAIMED &

1. A method, comprising:

accessing a series of image framas from a test execution of an
application;

comparing, using an application test analysis device comprising a digital
image processor, the image frames to each other (o identify a subset of the
image frames, the subset of imags frames being identified based on aclions
oceurring during the test execution; and

automatically generating, using the application testing system, an
application flow entity that represents the lest execution, the application flow

entity being generated bassd on the subset of image frames.

2. The method of 1, furthaer comprising:

determining which frames in the subset of image frames correspond to a
same application screen from the application; and

grouping togather the image frames of the subset that correspond 1o a

same application screen.

3. The method of claim 2, further comprising:

comparing frames of the subset {c each other 1o determine a differance
batwaen each pair of frames; and

when the difference between a palr of frames is below a threshold,

assigning that pair of frames as corrgsponding 1o a same application screen.
4. The method of daim 3, further comprising reprasenting an application

screen with a last significant frame in the series that corresponds to that

application screen,

18



WO 2017/095362 PCT/US2015/062914

5. The method of claim 1, further comprising generating the series of image
frames by making a video recording of output on a display of a computer on

which the test exsculion was conducted.

8. The method of olaim 1, further comprising generating the series of image
frames by periodically taking scresnshots from a screen receiving an output of
the test execution of the application. ‘

7. The method of daim 8, further comprising tuning an interval between
taking of screenshots based on application type or user behavior,

8. The method of claim 1, further comprising comparing sach frame in the

sertes of image frames 1o a previous frame in the series.

a. The method of claim 8, wherein identifying the subset of image frames
comprisss:

determining a degree of changs between compared images from the
series of image framas; and

when the degree of change exceeds a threshold, adding a corresponding

frame o the subset of image frames.

10, The method of claim 1, further comprising using the appiication flow
entity by comparison with ancther application flow entity to evaluate differant
{est executions of the application.

14, An application test analysis device, comprising:

an interface for accessing a series of image frames from a test execution
of an application;

a processor with associated memory; and

a digital image processor for comparing the image frames o each other
to identify a subset of the image frames, the subset of image frames being

identifiad hased on actions occurring during the test execution;

17
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the processor to operate the interfacs, mamory and digital image
processor o genarate an application flow entity that represents the test
execution, the application flow entity being generated based on the subse! of

image framas.

12.  The device of 11, wherein the digial Image processor is further to:
determine which frames in the subset of image frames correspond to a
same application screen from the application being tested; and
group the image frames of the subset according o corresponding
application screen.

13.  The device of claim 12, wherein the application flow entily comprises one

representative image frame from each group of image frames.

14, A non-transitory computer-readable medium, the computer-raadable
medium comprising instructions that, when executed, cause a procassor of an
application test analysls device to:

operate an interface to access a serles of image frames from a test
execuiion of an application;

compars, using a digital image processor, each image frame to
preceding image frame lo identify a subset of the image frames, the subset of
image frames baing identified basad on actions ccourring during the test
execution; and

automatically generate an apglication flow entity that represanis the tast
execution comprising at least some of image frames from the subset of image

frameas.

18



WO 2017/095362 PCT/US2015/062914

18. The computer program product of 14, further comprising instructions thai,
when executed, cause the application test analysis device o:

determine which frames in the subset of image frames corvespond to a
same application screen from the application being tested; and

group ths image frames of the subset accurding (o corresponding

appiication screen.

18
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