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(57) Abstract: Example implementations relate to composing future tests. Some implementations may include a data capture engine
to capture data points during test executions of the application under test. The data points may include, for example, test action data
and application action data. Additionally, some implementations may include a data correlation engine to correlate each of the data
points with a particular test execution of the test executions, and each of the data points may be correlated based on a sequence of
events that occurred during the particular test execution. Furthermore, some implementations may also include a test composition
engine to compose, based on an interaction with a visualization of results of a verification query of the correlated data points, a fu -
ture test of the application under test.
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COMPOSING FUTURE TESTS

BACKGROUND
{00011 Application testing may be performed {0 provide information about an
application under test "AUT". For example, application tesling may be performed
o determine whether the AUT includes any errors or other defects. While various
techniques are available for application ftesting, basic application testing
procedures may involve fwo main types of fest steps: (1) action steps which
manipulate, drive, or query an application under test (FAUT"); and (2) verification
steps which verify the expecled oulcomes associated with the action steps.
BRrRIEF DESCRIPTION OF THE DRAWINGS

{00027  The following detailed description references the drawings, wherein:

{00021 FIG. 1 is a block diagram of an example system for composing fulure
tests consistent with disclosed implementations;
0004] FIG. 2 is a block diagram of an example test composition device

consistent with disclosed implementations;

{00051 FiG. 3 is a block diagram of an example test composition device

consistent with disclosed implemeniations;

{00061  FIG. 4 is 3 flow chart of an example process for correlating data poinis
consistent with disclosad implementations;
{36071 FIG. 5 is a block diagram of an example directed acyclic graph (*DAG”)

consistent with disclosed implementations;

i0008]  FIG. 6 is a flow chart of an example process for composing future tests

consistent with disclosed implementations,;

{0009 FIG. 7 is a flow chart of an example process for composing future ests

consistent with disclosed implementations;

{00101 FIG. 8 is a flow chari of an example process for composing future tesis

consistent with disclosed implementations; and

100111 FiGs. 94 and 9B are illustrations of example test composition interfaces

consistent with disclosed implementations.
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DETAILED DESCRIPTION
i0012]  The following detailed description refers io the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
following description o refer to the same or similar parts. While several exampies
are described in this document, modifications, adaptations, and other
implementations are possible. Accordingly, the following detailed description does
not limit the disclosed examples.  Instead, the proper scope of the disclosed

examples may be defined by the appended claims.

{0013]  As discussed above, basic application festing procedures may involve
two main types of test sleps: (1) action or lest sieps which manipulate, drive, or
query an application under test CAUTT); and (2) verification steps which verify the
expected outcomes associated with the action steps.  Traditionally, this basic
application tesling procedure may create a dependency between the actions and
verifications.  For example, the verificalions may need to be performed during the
execution of the test of the AUT. This dependency may have several
shortcomings, including the need {o re-run a test execution of an AUT when the
verification changes (even if the actions have not changed), a tendency to only
verify what is being acted upon {e.g., if the action is o click a bulton, a user will
verify that the button has been clicked), difficuity correlating aclion step cuicomes
with events at other levels of the AUT (e.q., server logs, database logs, application
fogs, etc.), and various maintenance challenges based on changed aclions
and/or changed verifications. For example, consider the case where an AT is a
banking application and the test case is determining whether funds are transferred
from a first account ("Account A”) to a second account ("Account B”). Atesler may
execute the test case o perform the fund transfer and verify that the transferred
amount is indeed addad to Account B, Afler completing the test, the tester has
decided that another verification is needed - verifying that a sign on procedure
has been performed. To execuie that new verification, the tester may need o
revise the test to include 2 test action related to the sign on procedure, discard the
previously-executed results, run or re-run each of the action sieps, and then verify
the resulls of gach of the action steps during the execulion of the revised test.

Such errors can be g waste of a tester's time and resources.



WO 2017/023299 PCT/US2015/043574

{0C14]  Some examples disclosed herein may help avoid the need 1o revise and
re-execute a lest by separating test actions from test verifications. As the test
actions are separated from the test verifications, examples disclosed herein can
compose fests that can be performed and verified in the future (hereinafter “future
fests”). For example, some implemeantations may monitor and caplure data poinis
from test executions of an AUT, correlate the data points, and defing, persist, and
execute verification queries of the correlated dala points. The queries may be
considerad {0 be a new method of defining expecied application behavior, and
may serve as the verification steps in traditional scripts.  For example, some
implementations may allow testers {0 frace evenis that occurred during historical
test executions of the AUT {0 compose a fulure test.  In some implementations,
the future fest may be compose based on an inferaction with a visualization of the

results of a verification query of the correlated data points.

0015]  Referring now fo the drawings, FIG. 1 is a block diagram of an example
system 100 for composing fulure tesis. Systermn 100 may be implemented in a
number of different configurations without departing from the scope of the
disclosed examples. In the example shown in FIG. 1, system 100 may include a
test composition device 110, a client device 120, a repository 130, and a neftwork
140G for connecting fest composition device 110 with dlient device 120 andfor

repository 130.

i00168]  Test composition device 110 may be a compuling system that performs
various functions consistent with disciosed examples. For example, test
composition device 110 may be a server, a desktop computer, a iapiop computer,
and/or any cother suitable type of computing device. In some examples, test
composition device 110 may process information received from client device 120
andfor repository 130, For example, test composition device 110 may compose
futura tests based on data caplured from dlient device 120 and/or recaived from
reposifory 130. Exampiles of test composition device 110 and certain functions
that may be performed by device 110 are described in greater detail below with

respect to, for example, FiGs. 2-89B.
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{06171 Client device 120 may be a computing system operated by a user. For
example, client device 120 may be a deskiop computer, a laptop computer, a
tablel computing device, a mobile phone, andior any other suitable tvpe of
computing device. In some examples, client device 120 may be a computing
device 1o perform operations consistent with cerlain disclosed implementations.
For example, client device 120 may be adapted to transmit data related o test
executions of an AUT 1o {est composition device 110, such as, for example, data

related 1o action steps performed during application testing.

{0018]  Client device 120 may include a processor 0 execule instructions
stored in @ machine-readable storage medium. In the example shown in FiG. 1,
client device 120 may include a processor 122, a machine-readable slorage
medium 124, a display device 1286, and an interface 128. Frocessor 122 of client
device 120 may be al lsast one processing unit (CPU), microprocessor, andfor
another hardware device {0 execute inslructions o perform operations.  For
example, processor 122 may fetch, decode, and execule instructions stored in
machine-readable slorage medium 124 {(such as fest execution application
nstructions 127 and/or AUT insiructions 129) to test an AUT. While in the
example shown in FIG. 1 the AUT resides on client device 120, test execution
instructions 127 and/or the AUT 129 may reside on different machines andior may
span multiple computing systems. Machine-readable storage medium 124 may
be any electronic, magnetic, optical, or other non-transitory storage device that
siores instructions executed by processor 122, Display 128 may be any type of
dispiay device that presents information, such as a user interface of an AUT, a test
verification interface, and the like, to a user {&.g., a tester) operating client device
120, Interface 128 may be any combination of hardware andfor programming that
facilitates the exchange of data between the internal components of client device
120 and external components, such as test composition device 110, in some
examples, interface 128 may include a network interface device that allows client
device 120 {o receive and send dala o and from variocus components, such as o

and from test compaosition device 110 via network 140,

i0019]  Repository 130 may be any type of storage system configuration that

faciliiates the slorage of data. In some implementations, repository 130 may
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(93]

facilitate the iocating, accessing, and retrieving of data points captured during test
executions of an AUT (e.g., SaaS, SO, Access, sic. databases). For example,
repository 130 may store correlaled data points 131, which may include
application action data 132 and test aclion data.  In some implementations,
repository 130 may also store composed fulure tests 136 generated by, for
example, test composition device 110. While in the axample shown in FIG. 1 the
correlated data points 131 and the composed future tests 136 resides on
repository 130, any portion of the correlated data points 131 and/or the composed

future tests 136 may reside on different storage systems.

{00201 Repository 130 can be populated by a number of methods. For
example, test composition device 110 may populate reposifory 130 with data
points captured and correlated by test composition device 110, and store the
correlated daia points 131 in repository 130, In some implementations, the data
poinis may be slored as a direcied acydlic graph ("DAG”). Traditionally, a DAG is
a directed graph formed by a collection of vertices (e.g., a fundamental unit of
which the graph is formed) and directed edges {e.g., an edge that points from a
first vertex in the collection of vertices {0 a second vertex in the collection of
vertices). A DAG, as used herein, doesn't necessarily mean a graphic
represantation of the data included in a traditional DAG. Instead, a DAG as used
herein may include the graphic representation and/or a data struciure that stores
the data points in a manner that allows system 100 fo determine data represented
by the traditional DAG (e.q., categorization of the data points, directed edges
associated with particular data points, and/or vertices associated with the data
points).  In some examples, the data structure may be an array, a record, a
database enfry, a lookup table, a hash table, 2 map, a tree, a linked list, andfor
any other type of data structure. An exampie of a DAG consistent with disclosed
implementations is discussed in morg detail below with respsct to, for exampls,
FIG. 5.

{0021] While in the example shown in FIG. 1 repository 130 is a single
component axternal to components 110 and 120, repository 130 may comprise
separate components and/or may be part of devices 110, 120, and/or another

device. In some implementations, repository 130 may be managed by
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compaonents of device 110 andfor other devices that are capable of accessing,
creating, controlling and/or otherwise managing data remotely through network
140.

[0022]  Network 140 may be any type of network that facilifates communication
between remole components, such as fest composition device 110 and dlient
device 120. For example, network 140 may be a local area network (LAN), a wide
area network (WAN), a virual private network, a dedicaied intranet, the Infernel,

and/or a wireless network.

{00231  The arrangement dliusirated in FIG. 1 is simply an example, and system
100 may be implemented in a number of different configurations. For example,
while FIG. 1 shows one test composition device 110, client device 120, repository
130, and network 140, system 100 may include any number of components 110,
120, 130, and 140, as well as other components not depicted in FIG. 1. For
example, system 100 may omit any of components 110, 120, 130, and 140, and/or
the functionality of at least one of components 110, 120, 130, and 140 may be
incorporated into ancther component {(e.g., components 110, 120, 130, 140,

and/or a component not shown in FIG. 1)

100241  FIG. 2 is a block diagram of an example test composition device 210
consistent with disclosed implementations. In certain aspecis, test composition
device 210 may correspond fo test composition device 110 of FIG. 1. Test
composition device 210 may be implemented in various ways. For example,
device 210 may be a special purpose computer, a server, a mainframe computer,
and/or any other suilable type of computing device. In the exampie shown in FIG.
2, test composition device 210 may include a processor 220 and a machine-

readable storage medium 230.

10025] Processor 220 may be at least one processing unit (CPU),
microprocessor, and/or another hardware device 1o execuls instructions {o
perform operations. For example, processor 220 may fetch, decods, and exscute
fulure test composition instructions 240 (e.q., instructions 242, 244, and/or 246)
stored in machine-readable storage medium 230 to perform operations consistent

with disclosed examples.
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{0026] Machine-readable storage medium 230 may be any electronic,
magnetic, optical, and/or other physical storage device that slores executable
instructions.  Thus, machine-readable storage medium 230 may be, for example,
memory, a storage drive, an oplical disc, and the like. In some implementations,
maching-readable storage medium 230 may be a non-transifory machine-
readable storage medium, where the term “non-transitory” does not encompass
transitory propagating signals. Machine-readable storage medium 230 may be
encoded with instructions that, when executed by processor 230, perform
operations consistent with disclosed implementations.  For example, machine-
readable storage medium 240 may include instructions that perform operations to
compose fulure tests by capluring data points during test executions of an AUT,
correlating each of the daia points with a particular test execution of the AUT, and
composing, based on an interaction with a visualization of results of a verification
query of the correlated data points, a fulure test of the AUT. In the example
shown in FiG. 2, machine-readable storage medium 230 may inciude data caplure
instructions 242, data correlation  instructions 244, and tsst composition

instructions 2486.

{00271 Data capture instruciions 242 may function {o capture data points during
fest executions of an AUT. In some implementations, when dala caplure
instructions 242 are executed by processor 220, data caplure insiructions 242
may cause processor 220 and/or another processor 1o caplure data points during
test executions of the AUT. For example, data caplure instructions 242 may
cause processor 220 and/or ancther procassor 10 access, receive, or otherwise
obtain the daia points from one or more computing systems that execute the test
and/or implement the AUT during the test executions. In some examples, the data
points may be caplured by installing agents on various physical or virtual system
components {o monitor how the particular component(s) function and to transmit
the data points lo a storage device, such as a slorage device associated with test
cornposition device 110, The transmitied data points may then be received andior
captured by test composition device 110. The agents may be simple {e.g., agents
monitoring a central processing unit ("CPU") that may simply ask an operating

system what the CPU use level i) or complex {8.9., agenis integrated with a
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testing fool that follow all of the iest steps during test executions of an AUT).
Alternatively (or in combination with the use of agents) the information may be
monitored agenilessly. For example, a moniloring server may query various

component(s) for information about the component(s) memory usage.

{00281 In some implementations, the caplured data points may include
application action data that includes data related to actions performed by the
application under test in response {o test actions performed during the test
executions, the application action data may include data related {o various
levels of the AUT, such as a user interface level {e.g., Ul snapshots, Ui object
exiractions, etc.), a code level {e.g., code execuled behind the Ul), 3 network
communication level {e.g., nelwork communications between client device 120
and {est composition device 110}, a database level {s8.g., databases accessed
by the AUT during test execution), and an environment level {(e.g., data related
to the environment of the AUT such as data related lo hardware (e.q., device
build, CPU usage, mermory usage, resource usage, efc.) and programming
{e.g., operating system, browser, efc.) that are related {0 the execution of the
test of the AUT (e.g., server logs) and/or that relate o the execution of the AUT
itself {e.g., application server errors)). In some examples, the captured data
points may include test action data that includes data related to the test aclions
performed during the test executions, such as test actions and/or sleps
performed during the particular test execution state (e.g., start tesl step {e.g.,
data indicating that the dala point is related to the start of a test slep), end test
step (e.g., data indicating that the data point is related 1o the end of a {est step),
report test result step {e.g., data indicating that the data point is related 0 a
particular result of a test step), complete test step {(e.g., data indicaling that the
data point is related o the completion of an entire test), and/or a report test step
{e.g., data indicating that the data point relates 1o reporting the resulls on the
entire test)), and/or metadata relaled to the AUT (e.g., AUT version), the
particular test execution stale {(e.g., test dateftime, tester name, etc.}), and the
fike. Examples of capturing data points during test executions of an AUT are

described in further detail below with respect o, for example, FiGs. 2-8B.
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{00291  Data correlation instructions 244 may function to correlate data points.
For example, when data comrelation instructions 244 are sxecuted by processor
220, data correlation instructions 244 may cause processor 220 to correlate each
of the data points with a particular test sxecution of the AUT. In some
implementations, the data poinis may be correlated based on a sequence of
events that occurred during the particular test execution. For example, data
correlation instructions 244 may cause processor 220 1o generate a DAG and/for
siore the data in a manner that aliows verification gueries of the data. In some
examples, the DAG andfor the correlated data points may be siored in a
repository, such as reposilory 130. Examples of correlating data points are

described in further detail below with respect {o, for exampie, FIGs. 4 and 5.

[003G]  Test composition instructions 246 may funclion to compose, based on
an interaction with a visualization of the results of a verification query of the
correlated data points, a fulure test of the AUT. For exampie, when test
cornposition instructions 248 are exscuted by processor 220, test composition
instructions 2486 may cause processor 220 {0 cause the generation of a
visualization of the resulis of the verification query of the correlated daia poinis
where the visualization includes sets of clustered nodes, receive a selection of a
first set of the sets of clustered nodes, identify new sets of clustered nodes based
on the correlation of the dala points and the selection, and modifying the
visuglization fo include the new sels of clustered nodes. n some
implementations, the fulure test may function to verify an actual behavior of the
AUT separately from a particular fulure test execution.  For example, the fulure
test may be stored in a storage system, such as repository 130 of FIG. 1. When
new test executions of the AUT are performed, the data points associated with
these new lest executions may be captured and correlated using the methods
described herein. If the fulure test is performed during the new test sxscutions,
test composition instructions 246 may generate a notification that the future test
has been executed and/or provides verification resulis of the future test 1o a user
{.g., a tester). Examples of composing fulure {ests are described in further detail

below with respect {o, for example, FiGs. 3-8B8.
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{00311 FIG. 3 is a block diagram of an example test composition device 310
consistent with disclosed implementations.  In ceriain aspects, test compaosition
device 310 may corespond o test composition device 110 of FIG. 1 and/or test
composition device 210 of FIG. 2. Device 310 may be implemented in various
ways. For example, device 310 may be a special purpose computer, a server, a
mainframe computer, and/or any cther suitable type of computing system. In the
example shown in FIG. 3, device 310 may include a dala caplure enging 320, a

data correlation engine 330, and a test compaosition engine 340,

{0032]  Engines 320, 330, and 340 may be electronic circuitry for implementing
functionality consistent with disclosed examples. For example, engines 320, 330,
and 340 may represent combinations of hardware devices and programming {o
implemeant the funclionality consistent with disclosed implementations.  In some
examples, the functionality of engines 220, 330, and/or 240 may correspond 10
operations performed by test composition device 210 of FIG. 2, such as
operations performed when fulure test composition instructions 240 are execulad
by processor 220 (described above with respect to FIG. 2). In FIG. 3, data
capiure engine 320 may represent a combination of hardware and programming
that performs operations similar to those performed when processor 220 executies
data caplure instruclions 242,  Similarly, data correlation engine 330 may
regpresent a combination of hardware and programming that performs operations
similar to those performed when processor 220 execules dala correlation
instructions 244, and {est composilion engine 340 rmay represent a combination of
hardware and programming that performs operations similar 1o those performed

when processor 220 exscutes test composition instructions 246.

100331  FIG. 4 is a flow chart of an example process 400 for correlating data
points consistent with disciosed implementations.  Although execution of process
400 is described below with reference o system 100 of FIG. 1 and/or specific
components of system 100, other suitable systems and devices for execution of at
least one step of process 400 may be used. For example, processes described
below as being performed by test composition device 110 may be performed by
test composition device 210, test composition device 310, andfor any other

suitable device. Process 400 may be implemented in the form of executable
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instructions stored on a machine-readable storage medium and/or in the form of

electronic circuitry.

{00341 Process 400 may start (step S4085) after data poinis have been
captured during test exscutions of an AUT. Once the data points have been
caplured, process 400 may funclion to comelatle each of the data points by
categorizing each of the data poinis into at least one of a plurality of types, the at
least one of the plurality of types including a first type. For example, the data
points may be correlated by generating a DAG, such as DAG 500 of FIG. 5. In
somea implementations, the DAG may be generated based on fimestamps
associaled with the data points. For example, process 400 may include
categorizing the data points into atl east one of a plurality of types (step S410).
For example, the data points may be calegorized based on steps of the test
execution, data type (e.g., CPU, memory, Ul object, user action, network packet,
etc.), a particular user {(e.g., an identify of the user who was running the test), AUT
build (the specific build version of the AUT when the data points were captured),
and/or any other suiteble categorization. In some implementations, the plurality of
types may include a first type. For example, the first type may be test actions of
the test execution such as, for example, steps involved in {ester interaction with a
user interface of the AUT.  As ancther example, the first type may be application
actions of the test sxscution such as, for example, actions of the AUT that are
performed in response to the test actions. The definition of the particular types
may be predetermined, or may be based on input from a user. For example, a
user may define the application action type as all actions compieted by the AUT
between a test action and a full update {0 a user interface (2.g., may transmit the
user interface has been updated such that all of the text and/or graphics have fully
inaded) of the AUT.

[0035]  Process 400 may also include assigning data points categorized as the
first type as backbone nodes of a DAG (step S420). For example, system 100
may assign the data points associated with lest steps of the test execution as a
backbone of the DAG. Thus, in some implemantations, the data points associated

with test steps may be considered {o be backbone nodes, and the remaining data
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points (2.g.6 data points associated with application actions) may be considered o

be data nodes.

{00361  Process 400 may also include connecling remaining data points {e.g., a
set of the data points that are not categorized as the first type) as data nodes o
the backbone nodes via directed edges based on timestamps associated with the
remaining data points (step $5430).  For example, the data points may be
connected via directed edges from a first data point of the first type (e.g., a first
test step of the test steps). In some examples, the data points may be connecled
based on a length of time between a time stamp assodiated with a particular data
point of the captured data poinis, and a time stamp associated with the first test
step.  For example, system 100 may order the test steps in the backbone
seqguentially based on when the test steps were execuled.  Evenis associated
with a particular est step may be traced and associated with the particular test
siep. For example, system 100 may trace Ul objects. A Ul scanner may run
periodically and autormatically identify structured cbjects in the Ul their atiributes,
and their values. As another example, system 100 may trace system evenis
associated with a particular test sleps by implementing a thread event monitor that
monitors threads for a creation of an object, the run of an object, the termination of
an object, and the like, and associate the creation, run, and/or termination of

objects to a particular test event based on thread and object identifiers.

100371 Process 400 may also include assigning the metadata as verlices
connected {o the backbone nodes (step S440). For example, system 100 may
determing the elements of the backbone and may assign metadata {(e.g., dala
points) traced to each particular element (8.g., each test step). For example,
system 100 may trace the metadala based on lime-relalions (e.g., the event
happened after a particular test step) or based on ancther suitable methodology

{e.g., coloring network packets {o trace them {0 a server code).

{00381  Process 400 may also include assigning tags to the direcled edges fo
identify a type of relalion belween the vertices (step S450). In some
implementations, systern 100 may assign tags o the directed edges based on

data received from the agents installed on the various physical or virtual system
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components.  For example, the agenis may include instructions, that when
executed by a processor, compare an event occurring with the system to a list of
rules. If the event matches a particular rule, the agent noles the tag association
between events. For example, assume that the list of rules includes a use tagging
rule that requires tagging a directed edge as “use” when a test step involves the
usage of a browser. When a test step is execuied that invokes an object named
“‘browser,” the agent may compare the invocation of the object to the list of rules

and, based on the use tagging rule in the list, tag the directed edge as “use.”

{00391  Process 400 may also include storing the DAG (step 3480} in a storage
device. In some impiementalions, the DAG may be stored in a storage device
such as a non-transitory computer-readable storage medium {e.g. a machine-
readable storage medium in test compaosition device 110, repository 130, andfor in
another device). After the data points have been calegorized (step $5410), the
data points have been assigned (step 5420}, the remaining data points have been
connected (step S430), the metadata has been assigned as vertices (step 5440},
the fags have been assigned {o directed edges {(step S450), and/or the DAG has

been slored (step S460), process 400 may end (step S475).

100401  FIG. 5 is an example of 3 block diagram of a DAG 500 consistent with
disclosed implementations. For example, DAG 500 may represent data points
captured during test executions of an AUT that have been correlated based on a
sequence of evenis that occurred during a particular test execuiion. Although the
example DAG 500 is described below as being managed by, updated by, andlor
otherwise utilized by system 100 of FiG. 1 and/or specific components of system
100, other suitable systems and devices for managing, updating, and/or otherwise
uliizing DAG 500 mav be used. For example, processes described below as
being performed by test composition device 110 may be performed by test
composition device 210, test composition device 310, and/or any other suitable
device. Processes performed with respect to DAG 500 may be implemented in the
form of executable insfructions siored on a machine-readable storage medium

and/or by electronic circuitry
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{00411  As shown in FIG. 5, DAG 500 may include data related {0 one or more
particular test executions of an AUT. As shown in FIG. 5, the data includes dala
points related to application data 502a (e.g., build number), test data (e.g., the
date of the test) 502b, and environment data §502¢ {e.g., operaling system and
browser type). DAG 500 also includes a backbone (the colleclive of test steps
510a, 520a, 5308, 540a, and 550a) which serves as the anchor for each of the
verlices in the DAG. In some implementations, each data point may be
considered {0 be a node within the BAG and may be dassified based on the
categorization of the particular data points {e.g., a backbone node {e.g., a test
action node), an application aclion node, and the like). In this example, the
backbone is comprised of fest steps performed during test executions of the AUT,
but DAGs consistent with disclosed implementations may use any suitable
categorization of the daia poinis as the backbone. For example, the backbone
may be comprised according to user actions, recorded AUT web pages, Ul

objects, andior any other suitable categorization.

10042] The backbone of DAG 500 is correlatad based on a sequence of avents
that occurred during the particular test exgcution, and thus the backbone links
various ones of fest steps 510a, 520a, 5303, 5403, and 550z together. In the
example shown in FIG. §, test step 510a occurred bafore test step 5204, test step
520a occurred before test step 5303, test step 530a occurrad before test step
540a, and test siep 540a occurred before test step §5580a. Each portion of the
backbone {(e.g., each test step) in this example is connected via directed edges
{only directed edge 56Ca has been labelled for clarity) from the first test step 510a
of the {est steps o the last test step 550a of the {est steps, and the directed edges
have been tagged {only {ag 570a has been labelied for darity) {o identify a type of
relation between the vertices. For exampie, test step 510a is directly linked with
fest steps 520a, 530a, and 540a via the directed edgss, and the cause and/or
gffect of the linkage is shown in the tagging. For example, test step 510a is
composead of test steps 520a, 530a, and 54043, test step 520a precedes {est siep
530a, test step 530a precades tast step 540a, and test stap 550a precades tast
step 540a.
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10043]  Furthermore, as shown in FEG. 5, each test step in DAG 5060 has
additional information that was captured from the tesling andfor application
environment and was correlated with the particular test step.  This additional
information (e.g. metadata) has been assigned as vertices (only vertices 520b,
520c, 520d, 520e, and 520f have been labelled for clarity} connected © the
backbone. For example, test step 520a relates {0 opening a browser. In this
case, the step of opening the browser included using the browser {an object) and
it was used with a spacific action (in this case open). Thus, during this particular
test execution state the browser was automatically opened by calling the open
function of the browser. This information is modelied in DAG 500 not only by
linking the fest actions and what follows in terms of the AUT and its environment,
but also by the tags that indicate the conceptual meaning of those steps. kach
test action and the linking of the actions that follow in response {o the test action in
terms of the AUT and its environment may be considered o be a node chain of
the DAG. Thus, in some implementations, there may be a node chain for each

test action performed during the test execution.

{00441  FIG. 6 is a flow chart of an example process 600 for composing future
tests consistent with disclosed implementations.  Although execution of process
600 is describad below with reference t0 system 100 of FIG. 1 and/or specific
components of system 100, other suitable systems and devices for execution of at
ieast one slep of process 600 may be used. For example, processes described
below as being performed by test composition device 110 may be performed by
test composition device 210, test composition device 310, andfor any other
suitable device. Process 600 may be implementad in the form of executable
instructions stored on a machine-readable storage medium and/or in the form of

electronic circuitry.

{0045]  Process 600 may start (slep 5805) afler a verification query of the
correlated data points has been executed. For example, a user may ulilize system
100 {o compose a future est comprising a plurality of test actions {L.e., test steps)
andfor associated application actions performed in a particular order. The
compaosition of the fulure test may be performed by interacting with a visualization

of resuits of the verification query. The verification query may include at least one
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of test action verification information (e.q., information {o verify a test action) and
application action verification information (e.g., information to verify an application
action). For example, the verification query may be a series of conditional
statements, questions, or any other suitable input.  The order in which the test
actions and/or the associated application actions are 10 be performed during the
future test may be considered o be the verification execution seguence. Thus, in
sorne examples, a verification execution sequence may include sleps related o a
plurality of verification queries, and a fulure test may comprise a verification

aexeculion sequence.

{00461  In some implemeniations, the verificalion queries may be entered into 3
user interface {e.g. test composition interface 9A and/or 9B) using a domain-
specific language {(e.g., a compuier language specialized 10 test composition
device 110} and/or any cther input {(e.9., natural language) that may be translated
by test composilion device 110 into a domain-specific language, such as a DAG
verification query (e.g., a query capable of obiaining relevant information from a
DAG, such as DAG 500 of FIG. 81 In some implementations, the domain-spedific

language may be similar 1o behavior-driven-development syniax.

100471  Process 600 may include causing the generation of a visualizaiion of
the resulls of the verification query of the correlated data points (step 5610). For
example, in response to the verification query, test composition device 110 may
guery repository 130 o oblain data related o the correlated caplured data points
that are responsive to the verification query. For example, test composition
engine 340 may query repository 130 using one or more of the processes
and/or components discussed above, and may receive data that is responsive
to the guery. For example, test composition engine 340 may query reposifory
130 to dentify backbone nodes of a DAG, such as backbone nodes
corresponding to iest sleps performed during historical test executions of the
AUT.

[0048] in some implementalions, the visualization may include sets of
clustered nodes. For example, test composition engine 340 may cluster the

received data into an original set of clustered nodes based on a set of clustering
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rules. For example, test composition engine 340 may cluster the received data
into the original set of clustered nodes based on a similarity algorithm that
compares the dala nodes associated with each of the backbone nodes that are
responsive {0 the verification query based on, for example, an exact comparison
batween data nodes, a fuzzy comparison between data nodes, specific types of
data nodes, and/or any other suitable basis of comparison. Thus, in some
implermentations, the original set of clustered nodes are backbone nodes, such
as backbone nodes of a BAG. For example, if the verification query identified
100 backbone nodes, those 100 identified backbone nodes may be cluslered
into two clustered nodes {e.g., a first clusiered node and a second clustered
node} based on the similarity aigorithm. The first clustered node could represent
35 of 100 identified backbone nodes and the second clustered node could
represent the remaining 65 of the ideniified backbone nodes. In some
implementations, each of the first clustered node and the second clustered node
may be visualized as a single element in the visualization, sven though each

may represent a plurality of backbone nodes.

100491  Process 600 may also include receiving a selection of a first clustered
node of the original set of clustered nodes (step S610). In some implementations,
the selection may compoese a first test step of the future test. For example, a user
may interact with the visualization by clicking on the clustered nodes in the original
set of clustered nodes to select a clustered node as a first test step of the fulure
test. Test composition engine 340 may identify the user action corresponding to
the selection, and may siore the test step corresponding 1o the selected clustered

node as a first lest step of the fulure test.

{00501  In some implementations, when a user interacls with a clustered node
{e.g., clicking on the clustered node, hovering over the clustered node, elc.), the
visualization may display a clustered node summary. The clustered node
summary may help a user identify which of the clustered nodes to select o
cornpose the future test.  In some implementations, the clustered node summary
may include statistical information corresponding o the dustered node that was
interacted with. For example, test composition engineg 340 may analyze the data

corresponding to each clustered node, and the slatistical information may be
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based on the analysis of the correlated data points corresponding t© the clustered
node. In some implementations, the statistical information may include the total
number of backbone nodes in a clustered node, the longest chain of backbone
nodes in the clustered node, the longest chain of data nodes in the cdustered
node, an average number of chains in the clustered node, the total number of
nodes that can be reached directly and/or indirectly from the clustered node,
lookup indicators on data nodes reachable from the cluslered node (e.g.,
“Serverkrror node is reachable from this node”), backbone and/or data nodes
corresponding to the clustered node that include screenshots, and/or any other
suitable statistical information. For example, if a first clustered node represents 35
of 100 identified backbone nodes, the clustered node summary could indicate that
the first clustered node included 35 nodes {e.g., 35 instances of test steps that
was responsive to the verification query) and that the longest chain of backbone
nodes was 15 (e.g., the longest verification exacution sequence after the test step
corresponding o the clustered node included 15 test steps). An example of a
clusterad node summary is discussed in further detail with respect to, for example,
FIG. BA.

{00511 in some implementations, the visualization may include a test condition
seiaction area 10 receive a selection of a test condition.  In some implementations,
the fest condition selection area may be populated based on comelated data
points. For example, test composition engine 340 may identify a number of test
conditions that correspond to backbone nodes {e.g., original backbone nodes)
associated with a clustered node, and populate the test condition seleclion area
with the test conditions. In some implementations, the test conditions may
represent items of the system used o test the AUT, such as operating system
type used, browser usad, AUT version tested, andior any other suitable system
items. For example, test composition engine 340 may populate the test selection
area with actual sysiem items used lo test the AUT using, for example, a drop
down menu. In some examples, a user may select a test condition from the fest
selaction area (e.g., the drop down list) by inferacting with the test selection area,
and test compaosition engine 340 may receive the selsction of the test condition.

In response {0 receiving the selection of the test condition, a clustered node {8.9.,
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a first clustered node} may be modified o generate a filtered clustered node (e.g.,
a first filtered clustered node). For example, if a user selects a particular operating
system type as a test condition, iest composilion engine 340 may filter oul
backbone nodes in the clustered node that did not include the particular operating

system selected.

{00521  Process 600 may also include identifying a new set of clustered nodes
based on the selection (step S630). For example, once a parlicular clustered
node has been selected, test composition engine 340 may execute a query of the
correlated data for new backbone nodes that are immediately linked with the
original backbone nodes corresponding fo the selected clustered node (8.9, the
first clustered node} of the original set of clustered nodes.  In some
implementations, test composition engine 340 may cluster these new backbone
nodes fo identify the new set of clustered nodes using, for example, the similarity

algorithm described above.

i0053] FProcess 600 may aiso include causing the modification of the
visualization o include the new set of clustered nodes {step S640). For example,
the visualization may be modified to display the new set of clustered nodes as
being linked to the selecled node of the original set of clustered nodes (e.g., the
first clustered node). In some implementations, the visualization may be modified
fo remove or fade unselecied clustered nodes {(e.g., unselected clustered nodes in
the original sel andior new set of clusiered nodes). Additionally, in some
implementations, the visualization may include a clustered node summary for
each of the new set of clustered nodes using, for example, the methods described
above. The user may select one of the new set of clustered nodes, and ong or
more of sleps 5610-640 may be repeated until the last selected clusterad node
has no additional linked backbone nodes, or the user has otherwise decided t©
complete the fulure test composition. The resuiting chain of selected clustered
nodes may represent the future test and may correspond o a verification
exacution sequence. Once sieps S610, $620, 5630, and/or 5640 have been
paerformed, process 600 may end (step 5655).
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{0054]  FIG. 7 is a flow chart of an example process 700 for composing future
tests consistent with disclosed implementations.  Although execution of process
700 is described below with reference to system 100 of FIG. 1 and/or specific
components of system 100, other suitable systems and devices for execution of at
ieast one step of process 700 may be used. For example, processes described
below as being performead by test composition device 110 may be performed by
test composition device 210, test composition device 310, andlor any other
suitable device. Process 700 may be implemented in the form of executable
instructions stored on a machine-readable storage medium and/or in the form of

electronic circuilry.

{00551 Process 700 may start {step S705) after test executions of an AUT have
been performed. For example, process 700 may start after data points during test
executions have been captured and correlated using, for example, the methods
described above. Process 700 may include receiving input corresponding to a
verification query of a correlated dala structure (step §710). For example, a user
may enter input coresponding to a verification query into a visualization displayed
on a display device, and a computing system may transmil the input via network
140 o test composition device 110, Test composition device 110 may receive the
input via, for example, interface circuitry, and may cause the performance ¢f the
verification query of repository 130, recsive the results of the verification query,
and cluster the received results into a set of original clustered nodes using, for

example, the methods described above.

{0056]  Process 700 may also include causing the display of a visualization of
the results of the verification query (step §720). in some implementations, the
visualization may include an original set of clustered nodes corresponding to the
results.  For example, the visualization may be generated using the methods
described above, and test compaosition device 110 may cause the display of the
visualization on, for example, a display {e.g., a display device that is the same as
or similar o display 126 of client device 120). In some implementations, test
compaosition device 110 may generate code to display the visualization, and
transmit that code via interface circuitry and/or via network 140 to a computing

system responsible for displaying the visualization.
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{0057] Process 700 may also include receiving an interaction {e.g., 8 first
interaction) with a first clustered node of the original set of clustered nodes, the
interaction composing a Tirst test slep of a fulure test of the AUT (step 5730). For
example, a user may select g first clustered node using the methods described
above (2.g., by dlicking on a paricular clustered node displayed in a visualization).
The selection may be transmitied by a computing system via network 140 o test
composition device 110, and test composition device 110 may receive the

transmitted selection via, for example, interface circuitry.

{0058]  Process 700 may also include causing the display, in response o the
inleraction, of a modified visualization (step S730). In some impiementations, the
modified visualization may include the first clustered node and & new set of
clustered nodes linked 1o the first clusterad node. For exampie, the modifiad
visualization may be the same or similar to the modified visualization discussed
with respect to, for examples, FiGs. 6 and 9B. In some implementations, the new
set of clustered nodes may represent test sleps performed during the historical
test exscutions that flow from {est steps comresponding to the first clustered node
{e.g., next steps in historical test execution sequences). For example, the new sel
of clustered nodes may include clustered nodes that represent similar test steps
parormed immediately after the test step corresponding o the first clustered

node.

100591  In some implementations, the visualization may be modified to display a
clustered node summary. For example, in response (o a second interaction with
the original set of clustered nodes, test composition device 110 may cause the
display of a clustered node summary. In some implementations, the clustered
node summary may include statistical information corresponding to the first
clustered node. For example, the clustered node summary may be the same as
or similar to the clustered node summary discussed with respect to FiGs. & and
BA. Once steps S710, S720, S730, and/or 8740 have been performed, process
600 may end (step 8755).

0060]  FIG. 8 is a flow chart of an example process 800 for composing future

tests consistent with disclosed implementations.  Although execution of process
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800 is described below with reference {0 system 100 of FIG. 1 and/or spedific
components of system 100, other suifable systems and devices for execution of at
ieast one step of process 800 may be used. For example, processes described
below as being performed by test composition device 110 may be performed by
test composition device 210, test composition device 310, andfor any cther
suitable device. Process 800 may be implemented in the form of executable
instructions stored on a machine-readable storage medium andfor in the form of

electronic circuitry.

{00811  Process 800 may start (step S80S} afler test exacutions of an AUT have
been performed. For example, process 800 may slart after data points during test
executions have been captured and correlated using, for example, the methods
described above. Process 800 may incdlude identifying, using a test composition
engine, results responsive o a verification query of a correlated data struciure
{slep S810). In some implementations, the correlated dala struclure may include
backbone nodes corresponding o test steps performed during historical test
executions of an application under test and data nodes corresponding to the fest
steps. Process 800 may also include clusiering, using the test composition
engine, the resulls into an original set of clustered nodes using a set of clustering
rules (step SBZ0), causing, using the test composition engine, a generation of a
visualization of the original set of clustered nodes (step S830), and/or identifving,
using the test composition engine and based on a selection of a first clustered
node of the original set of clustered nodes, a new sel of clusiered nodes linked ©
the first clustered node (step S840). For exampie, the new set of clustered nodes
may be identified based on sequences of events that occourred during the historical
test execution, and the selection may compose a first test step of a future test of
the AUT. Process 700 may also include causing, using the test composition
engine, a modification of the visualization, the modified visualization including the
new set of clustered nodes {step S850). Steps SB10, 5820, 5830, 5840, and/or
8850 may be performed using, for example, methods that are the same as or
similar 10 the methods described abovae. Once steps 3810, 3820, 5830, 88440,
and/or 8850 have been performed, process 800 may end (step S865).
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{0062] FliGs. 9A and 9B are Hllustrations of exampie lest verification interfaces
000G consistent with disclosed implementations. For example, FIG. 9A illustrates a
test verification interface 900 displaying a visualization including an original set of
clusteraed nodes and FIG. 9B lllustrates test verification interface 800 displaying a
modified visualization including a first clustered node of the original set of
clustered nodes and a new set of clustered nodes. In some implementations,
interface 900 may be generated by test composition device 110 using data
obtained from, for example, a non-fransitory machine-readable medium, repository
130, and/or another device or system. For example, test compaosition device 110
may obtain information related to the correlated data points slored in reposilory
130 using the methods described above. In some implementations, test
composition device 110 may cause the display of interface 900 on a display

device.

100631  As shown in FIG. 9, interface 900 may include a verification inpul area
810 for displaying and/or receiving verification input, a test condition selection area
820 1o receive a selection of a test condition, a fulure test step identification area
930 to identify selected future lest steps, and a clustered node visualization ares
940 for visualizing clustered nodes. As shown in FIG. 8, interface 800 may display
information in areas 8910, 820, 830, and/or 840 as text, graphics, or a combination
of text and graphics in a way that asids the user in composing fulure fesis.
Example interfaces consislent with disclosed implementations may include text
and/or graphics having different colors, sizes, shape, and the like than the

examples shown in FIGs. 8A and 98.

{0064] In the example shown in FIG. 9A, verification input area 810 may
function to receive input from a user related to a verification query. For example, a
user may input text into verification input area {0 identify a {est step that the user
may want {¢ include in a fulure test. While the example shown in FIG. 8A
iliusirates input related to a test step, verification input areas consislent with
disclosed examples could zlso include an area for inputling application action
information in addition © or in lisu of test step information. In the example shown

in FIG. BA, a user has eniered the test step "login® inio verification input area 810.
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[0065]  Test condition selection area 8920 may function to receive a selection of
a test condition. As discussed above, test condition selection area may be
populaled with data corresponding to the backbone nodes that make up a
selected clustered node. In the example shown in FIG. 8A, est composition
device 110 has prepopulatad the test condition sslection area 820 with information
relating to operating sysiem type, browser type, and AUT version type. In this
example, the test condition selection area include a drop down menu that lists all
of this information in a number of different drop down lists that the user can select
from. In this example, the user has selected a “O8 Type 17, “Browser Type 37,
and AUT Version “1.5,” but the user could select any number of test conditions
{including none at all), and the test conditions consistent with disclosed examples

can be displayed using any suitable format.

{0066]  Fulure test step identification area 830 may function to identify selected
fulure test steps, such as tesl steps selected using the methods described above.
In the example shown in FIG. 94, the first test step that has been selected for a
future test is "Login.” In this example, no corresponding application action is
required for the first fest step, but examples consistent with disclosed

implementations could also identify a corresponding application action to verify.

100671 Clustered node visualization area 8940 may function to visualize
clustered nodes. For example, clustered node visualization area 840 may include
graphical indicators corresponding fo an original set of clustered nodes {(nodes
850a, 950b). As shown in FIG. BA, 3 user has intsracied with interface 800 o
dispiay a clustered node summary associated with clustered node 850b. While in
this example only one clustered node summary is illustrated, interface 900 can
include any number of clustered node summaries. For example, at least one
clusteraed node summary may be displayed for each clustered node (850a, 950b).
As ancther example, the cluster node summary need not be displayed in response
0 a user interaction and can insiead be displayed automalically. Additionally,
while in the example shown in FiG. 9A there are two clustered nodes in the
Hlustrated original set of clustered nodes, sets of clustered nodes can include any

whole number of clustered nodes that are greater than 0 (e.g., 1, 4, 5, 100, etc.).
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{0068] Tuming fo FiG. 8B, FIG. 9B illustrates test verification interface 900
including a modified visualization (e.g., clusiered node visualization area 840 and
future test step identification area 930 have been modified). in the example
shown in FIG. 98, a user may have selected clustered node 950b. The selection
of clustered node 850b modified clustered node visualization area 8940 in that the
remaining unselected nodes of the original set of clusiered nodes {e.g., clusterad
node 950b) were removed, and a new set of clustered nodes is displayed as being
linked 1o selected clustered node 950b. For axample, subsequent test steps
iinked to backbone nodes corresponding to dustered node 850b were clustered
by, for example, test composition device 110 inlo three new clustered nodes,
95854, 955b, and 955b. Thus, in the exampie shown in FIG. 8B, test executions
that performed a test step of “login” subsequently performed test steps of “find
flight,” “update profile,” and “view itinerary.” The lext used 1o populale the graphic
elementis representing the clustered nodes in the visualization {in this example,
circles) may be obiained from metadata captured and correlated using the
methods described above. In the example shown in FIG. 8B, a user may have
selecled the “Find Flight” node fo compose a second iest siep, and the
visualization shown in FIG. 98 may continug to be modified o show further sets of

clustered nodes that can continue {0 be selected to compose the future test

{0069] The disclosed examples may include systemns, devices, machine-
readable storage media, and methods for composing future iests. For purposes of
explanation, certain examples are described with reference to the components
fiustrated in FIGS. 1-8B. The funclionality of the illustrated components may
overlap, however, and may be present in a fewer or greater number of elements
and components. Further, all or part of the funclionality of illustrated elements
may co-exist or be distributed among several geographically dispersed locations.
Moreover, the disclosed examples may be implemented in various environments

and are not limited 1o the illustrated examplss.

00701 Moreover, as used in the specification and the appended claims, the
singular forms “a,” "an,” and "the” are infended to include the plural forms as well,
uniess the context indicates otherwise. Additionally, although the terms first,

second, etc. may be used herein to describe various elements, these slemenis
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should not be limited by this terms. Instead, these terms are used to distinguish

one slement from ancther.

[0071]  Further, the sequence of operations described in connection with FiGs.
1-9B are examples and are not intended o be limiting. Additional or fewer
operations or combinations of operations may be used or may vary without
departing from the scope of the disclosed examples. Furthermore,
implementations consistent with the disclossed examples nesd not perform the
sequence of operations in any particular order, including those described with
respect o FIGS. 1-88B. Thus, the present disclosure mersly sets forth possible
examples of implemeniations, and many variations and modifications may be
made o0 the describad examples. Al such modifications and variagtions are
intended {0 be included within the scope of this disclosure and protected by the

following claims.
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CLAIMS

We claim:

1. A system for composing future tests comprising:

a data caplure engine to caplure data points during test
sxecutions of an application under test, the dala points
including test action data and application action data;

a data correlation engine {o correlate each of the data points with
a particuiar test axecution of the test executions, sach of
the dala points being correlated based on a sequence of
events that occurred during the particular test execution;

and

a test composition engine to compose, based on an interaction
with a visualization of resulis of a verification query of the
correlated data points, a fulure test of the application under

fest.

2. The system of claim 1, whersin the test composition engine composes the

future test by:

causing the generation of the visualization of the results of the
verification query of the correlated data points, the

visualization including an original set of clustered nodes;

receiving a selection of a first clustered node of the original set of

clustered nodes;

identifying a new set of clustered nodes based on the selection;

and

causing the modification of the visualization to include the new sel

of clustered nodes.
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3. The system of claim 2, wherein the original set of clustered nodes is

clustered based on a setl of clustering rules.

4. The systern of claim 2, wherein the visualization further includes a test
condition selection area o receive a selection of a test condition, the test

condition selectlion area being populated based on the correlated data points.

5. The system of claim 4, wherein in response to receiving the selection of the
test condition, the first clustered nodes is modified {0 generate a filterad first
clustered node.

8. The system of claim 2, wherein the seleclion composes a first test step of the

future test.

7. The system of claim 2, wherein the visualization includes a clustered node
summary, the clustered node summary including stalistical information
corresponding to the first clustered node, the information being based on an

analysis of the correlated data points corresponding to the first clustered node.

8. The system of claim 1, wherein the data correlation engine correlates each
of the data points by:
categorizing each of the data points inlo at least one of a plurality
of types, the at least one of a plurality of types including a
first typs;
assigning data poinis categorized as the first type as backbone

nodes of a directed acyelic graph;
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connecting remaining data points as data nodes to the backbone
nodes via directed sdges based on timestamps associated
with the remaining data poinis, the remaining data points
being a set of the data points not categorized as the first
type;

assigning metadata as vertices connected to the backbone nodes;

and

assigning tags {o the directed edges to identify a type of relation

between the veriices.

8. The system of claim 1, wherein the original set of clustered nodes are

backbone nodes.

10. A non-transitory machine-readabie storage medium indluding instructions

which, when executed by a processor, cause the processor to:

receive inpul corresponding 1o a verification query of a correlaled
data structure, the correlated data structure including
backbone nodes corresponding {o test steps performed
during historical test executions of an application under test

and data nodes corresponding to the test sleps;

causing the display of a visualization of the resulis of the
verification query, the visualization including an original set

of clustered nodes corresponding to the results;

receive an interaction with a first clustered node of the original set
of clustered nodes, the interaction composing a first test

step of a future test of the application under test; and

causing the display, in response {o the interaction, of a modified

visualization, the modified visualizalion including the first
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clustered node and a new set of clustered nodes linked to

the first clustered node.

11. The non-transitory machine-readable slorage medium of claim 10, wherein
the new set of clustered nodes may represent the test steps performed during the
historical test exscutions that flow from fest steps corresponding to the first

clustered node.

12. The non-transitory machine-readable storage medium of claim 10, wherein:
the interaction is a first interaction; and

the processor is to, in response {o a second interaction with the
original set of clustered nodes, cause the display of a
clustered node summary, the clustered node summary
including statistical information corresponding {o the first

clustered node.

13. A computer-implemenied method comprising:

identifying, using a test composition engine, resuits responsive {0
a verification query of a correlated data structure, the
correlated data structure including backbone nodes
corresponding to lest sleps performed during historical lest
executions of an application under test and data nodes

corresponding to the test steps;

clustering, using the test compaosition engineg, the resulis into an
original sel of clustered nodes using a set of cluslering

rules;

causing, using the test composition engine, a generation of a

visualization of the original set of clusterad nodes;
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identifying, using the test composition engine and based on a
selection of a first clustered node of the original set of
clustered nodes, a new set of clusiered nodes linked to the

first clustered node; and

causing, using the test compaosition engine, a modification of the
visualization, the modified visualization including the new

set of clusterad nodes.

14. The computer-implementad method of claim 13, wherein the new set of
clustered nodes is identified based on sequences of events that occurring

during the historical test executions.

15. The computer-implementad method of claim 13, wherein the selection

composes a first test step of a future test of the application under test.
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