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APPLICATION TESTING

BACKGROUND

[0001] Software applications are often tested by running a testing script to
verify that the applications and the source code therein behave as expected and

intended.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The following detailed description references the drawings, wherein:

[0003] FIG. 1 is a block diagram depicting an example environment in which

various examples may be implemented as an application testing system.

[0004] FIG. 2 is a block diagram depicting an example application testing

system.

[0005] FIG. 3 is a block diagram depicting an example machine-readable
storage medium comprising instructions executable by a processor for application

testing.

[0006] FIG. 4 is a block diagram depicting an example machine-readable
storage medium comprising instructions executable by a processor for application

testing.

[0007] FIG. 5is a flow diagram depicting an example method for application

testing.

[0008] FIG. 6 is a flow diagram depicting an example method for application

testing.

DETAILED DESCRIPTION
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[0009] The following detailed description refers to the accompanying
drawings. Wherever possible, the same reference numbers are used in the drawings
and the following description to refer to the same or similar parts. It is to be expressly
understood, however, that the drawings are for the purpose of illustration and
description only.  While several examples 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.

[0010] Software applications are often tested by running a testing script to
verify that the applications and the source code therein behave as expected and
intended. An “application,” as used herein, may refer to any software application
comprising code or machine-readable instructions for implementing various functions.
A “test,” as used herein, may refer to a single test or a test suite comprising a set of
related tests. When a particular test is executed, a testing script corresponding to the
particular test may be executed and/or run. When executed, the particular test may
test various aspects of the application to verify that the application and the code
therein behave as expected and intended. In many cases, an application may
undergo a large number of tests covering different aspects or features of the
application. For example, when an application is developed, tested, and/or deployed
using a continuous integration (Cl) pipeline or a continuous deployment (CD) pipeline,
a large number of tests being executed for various testing jobs in the pipeline may
unnecessarily prolong the overall execution time of the pipeline, resulting in a waste of
time and resources and creating a “window of error” for developers that want to
commit new code. A “windows of error,” as used herein, may refer to a time period
during which the status (e.g., success or fail) of the current code being tested is

unclear.

[0011] Examples disclosed herein provide technical solutions to these
technical challenges by determining test scores associated with a set of tests for
testing an application to sort the set of tests based on the test scores, and enforcing a
time constraint during the execution of the sorted set of tests. The examples disclosed
herein may enable identifying a set of tests for testing an application and identifying a

set of attributes associated with a particular test of the set of tests. The set of
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attributes may comprise an average execution duration of the particular test, a last
execution time of the particular test, and a last execution status of the particular test.
The examples may further enable determining attribute scores associated with
individual attributes of the set of attributes and obtaining user-defined weights
associated with the individual attributes. The examples may further enable
determining a test score associated with the particular test based on the attribute
scores and the user-defined weights associated with the individual attributes. The set
of tests may be sorted based on the test score associated with the particular test. The

sorted set of tests may be executed.

[0012] The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting. As used herein, the

L LI

singular forms “a,” “an,” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. The term “plurality,” as used herein, is
defined as two or more than two. The term “another,” as used herein, is defined as at
least a second or more. The term “coupled,” as used herein, is defined as connected,
whether directly without any intervening elements or indirectly with at least one
intervening elements, unless otherwise indicated. Two elements can be coupled
mechanically, electrically, or communicatively linked through a communication channel,
pathway, network, or system. The term “and/or” as used herein refers to and
encompasses any and all possible combinations of one or more of the associated
listed items. It will also be understood that, although the terms first, second, third, etc.
may be used herein to describe various elements, these elements should not be
limited by these terms, as these terms are only used to distinguish one element from
another unless stated otherwise or the context indicates otherwise. As used herein,
the term "includes" means includes but not limited to, the term "including” means

including but not limited to. The term "based on" means based at least in part on.

[0013] FIG. 1 is an example environment 100 in which various examples
may be implemented as an application testing system 110. Environment 100 may
include various components including server computing device 130 and client
computing devices 140 (illustrated as 140A, 1408, ..., 140N). Each client computing
device 140A, 140B, ..., 140N may communicate requests to and/or receive responses
from server computing device 130. Server computing device 130 may receive and/or

respond to requests from client computing devices 140. Client computing devices 140
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may be any type of computing device providing a user interface through which a user
can interact with a software application. For example, client computing devices 140
may include a laptop computing device, a desktop computing device, an all-in-one
computing device, a tablet computing device, a mobile phone, an electronic book
reader, a network-enabled appliance such as a “Smart” television, and/or other
electronic device suitable for displaying a user interface and processing user
interactions with the displayed interface. While server computing device 130 is
depicted as a single computing device, server computing device 130 may include any
number of integrated or distributed computing devices serving at least one software

application for consumption by client computing devices 140.

[0014] The various components (e.g., components 129, 130, and/or 140)
depicted in FIG. 1 may be coupled to at least one other component via a network 50.
Network 50 may comprise any infrastructure or combination of infrastructures that
enable electronic communication between the components. For example, network 50
may include at least one of the Internet, an intranet, a PAN (Personal Area Network), a
LAN (Local Area Network), a WAN (Wide Area Network), a SAN (Storage Area
Network), a MAN (Metropolitan Area Network), a wireless network, a cellular
communications network, a Public Switched Telephone Network, and/or other network.
According to various implementations, application testing system 110 and the various
components described herein may be implemented in hardware and/or a combination
of hardware and programming that configures hardware. Furthermore, in FIG. 1 and
other Figures described herein, different nhumbers of components or entities than

depicted may be used.

[0015] Application testing system 110 may comprise a test identify engine
121, a time constraint obtain engine 122, an attribute identify engine 123, an attribute
score determine engine 124, a test score determine engine 125, a test sort engine 126,
a test execute engine 127, and/or other engines. The term “engine”, as used herein,
refers to a combination of hardware and programming that performs a designated
function. As is illustrated respect to FIGS. 3-4, the hardware of each engine, for
example, may include one or both of a processor and a machine-readable storage
medium, while the programming is instructions or code stored on the machine-
readable storage medium and executable by the processor to perform the designated

function.
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[0016] Test identify engine 121 may identify a set of tests for testing an
application. An “application,” as used herein, may refer to any software application
comprising code or machine-readable instructions for implementing various functions.
A “test,” as used herein, may refer to a single test or a test suite comprising a set of
related tests. When a particular test is executed, a testing script corresponding to the
particular test may be executed and/or run. When executed, the particular test may
test various aspects of the application to verify that the application and the code
therein behave as expected and intended. In some implementations, any testing
software known in the art may be used to execute and/or run the plurality of tests (or
any portion thereof) as discussed herein. A test may be classified into, for example,
various types of tests: a unit test, Application Program Interface (API) test, functional

test, end-to-end (E2E) test, performance test, etc.

[0017] In some implementations, the application may be tested in (and/or as
part of) a continuous integration (Cl) pipeline or a continuous deployment (CD)
pipeline. A “Cl pipeline,” as used herein, may refer to a test-driven development
process that enables building (or developing code) and automated and continuous
testing of the code. For example, the Cl pipeline may include a build job (e.g., building
code) and a unit testing job (e.g., composed of a set of unit tests). This continuous
application of quality control allows software to be developed to a high standard and
easily packaged and deployed. A “CD pipeline,” as used herein, may extend the ClI
pipeline by adding the deployment to test and staging environments and the
deployment to production as part of the pipeline. For example, the CD pipeline may
include the deployment to a testing environment, an API testing job, a functional
testing job, the deployment to a staging environment, an E2E testing job, a

performance testing job, and/or the deployment to production.

[0018] As discussed above, the Cl or CD pipeline may comprise at least one
testing job. A “testing job” in the pipeline, as used herein, may comprise at least one
test that is assigned to that particular testing job. The test assigned to the particular
testing job may be scheduled to be executed during that particular testing job. For
example, a particular unit testing job may include a set of unit tests to be executed
during the particular unit testing job. As such, among the set of tests as identified by
test identify engine 121 for testing the application, at least a subset of that set of tests

may be assigned to a particular testing job. In some implementations, a particular
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testing job may be associated with a job policy that defines tests that are assigned to
the particular testing job. Different testing jobs may have the same or different subsets
of the set of tests. For example, the set of tests identified for testing the application
may include 5 tests (e.g., a first test, a second test, a third test, a fourth test, and a fifth
test). A first testing job in the pipeline may be assigned with the first and second tests,
a second testing job in the pipeline may be assigned with the first and third tests, and
both of third and fourth testing jobs in the pipeline may be assigned with the fourth and
fifth tests.

[0019] In some implementations, a time constraint may be specified for at
least a portion of the Cl or CD pipeline (e.g., a single testing job, a plurality of testing
jobs, a portion of the pipeline, and/or the entire pipeline). A “time constraint,” as used
herein, may refer to a time limitation that is applied to the at least the portion of the ClI
or CD pipeline. The time constraint may be defined in any time unit including
milliseconds, seconds, minutes, hours, etc. Time constraint obtain engine 122 may
obtain the time constraint in various ways. In one example, the time constraint may be
specified based on user input (e.g., set by a system administrator, a developer, a
testing engineer, etc.). In another example, a particular testing job may be associated
with a job policy that defines the time constraint to be applied to the particular testing

job.

[0020] Attribute identify engine 123 may identify a set of attributes
associated with each test of the set of tests (e.g., as identified by test identify engine
121). For example, the set of attributes associated with a particular test may comprise
an execution duration of the particular test, a last execution time of the particular test,
a last execution status of the particular test, an indication of whether the particular test
is a new test, a success ratio of the particular test, a story point associated with the
particular test, a classification of the particular test, and/or other attributes. The set of
attributes associated with the particular test may be maintained and/or stored in a data
storage (e.g., data storage 129). In some implementations, attribute identify engine
123 may identify the set of attributes associated with each test in a particular testing
job (e.g., to which a subset of the set of tests is assigned). The example attributes

enumerated above are further described below.

[0021] An execution duration of the particular test may refer to a time

duration that it takes for the execution of the particular test to complete (e.g., a time
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duration between a start time of the particular test and an end time of the particular
test). In some implementations, this “execution duration” attribute may represent an
average execution duration, a maximum execution duration, a minimum execution
duration, a median execution duration, etc. that may be determined based on the past
execution history (e.g., a past pre-determined time range) of the particular test. For
example, assuming that the particular test has been run 3 times in the past 5 days with
a first execution duration of 25 minutes, a second execution duration of 27 minutes,
and a third execution duration of 21 minutes, the average execution duration of this

test for the past 5 days may be 24.3 minutes.

[0022] A last execution time of the particular test may refer to a difference in
time between a current time and a time that the particular test was executed the last
time on the application. For example, the application was tested by the particular test
at 5:30PM, and the particular test has not been executed on that application since that
time. Assuming that the current time is 7:30PM on the same day, the last execution

time of the particular test may be 2 hours.

[0023] A last execution status of the particular test may refer to an indication
of whether the particular test was successfully executed on the application the last
time. Returning to the above example, the last execution of the particular test at
5:30PM may be associated with a status that indicates whether that test was

successfully executed or failed (e.g., an error occurred during the execution of the test).

[0024] An indication of whether the particular test is a new test may refer to
an indication of whether the particular test has been not executed on the application.
For example, a developer may have written a new testing script or updated an existing
testing script. The newly written testing script and/or updated testing script may be

considered to be a new test that has not been executed on the application yet.

[0025] A success-failure ratio of the particular test may refer to a success
ratio (e.g., the ratio of a number of times the particular test was successfully executed
in a past pre-determined time range to a total number of times the particular test was
executed in the past pre-determined time range) or a failure ratio (e.g., the ratio of a
number of times the particular test failed in the past pre-determined time range to the
total number of times the particular test was executed in the past pre-determined time

range). For example, if the particular test was successfully executed 8 times out of 10
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total test executions made on the application, the success ratio may be 80% while the

failure ratio may be 20%.

[0026] A “story point,” as used herein, may refer to a metric used in agile
project management and development to determine (and/or estimate) the difficulty of
implementing a given software feature in a given story. A “story,” as used herein may
refer to a particular business need assigned to a software development team to
develop features for. For example, a number of story points assigned to a given
feature may indicate the complexity of the given feature. If the particular test covers a
particular set of features of the application, the story points (or the number thereof)
associated with the particular test may indicate the overall complexity of the particular

set of features.

[0027] A classification of the particular test may comprise a unit test,
Application Program Interface (API) test, functional test, end-to-end (E2E) test,
performance test, etc. The particular test may be classified based on user input

and/or automatically classified by system 110.

[0028] Attribute score determine engine 124 may determine attribute scores
associated with individual attributes of the set of attributes (e.g., identified by attribute
identify engine 123). For example, attribute score determine engine 124 may
determine a first attribute score associated with a first attribute (e.g., execution
duration) of the particular test, a second attribute score associated with a second
attribute (e.g., last execution time) of the particular test, a third attribute score
associated with a third attribute (e.g., last execution status) of the particular test, and
so on. In some implementations, attribute score determine engine 124 may obtain
user-defined weights associated with the individual attributes. Returning to the
example above, a user may define a first weight to be applied to the first attribute of
the particular test, a second weight to be applied to the second attribute of the
particular test, a third weight to be applied to the third attribute of the particular test,

and so on.

[0029] Example algorithms that can be used to determine the attribute
scores are shown in Table 1. Consider the following example scenario: a particular
testing job may include a total of 5 different tests. The second attribute (e.g., last

execution time) of each of the five tests may be identified (e.g., by attribute identify
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engine 123): a first test was executed 5 hours ago, a second test was executed 10
hours ago, a third test was executed 30 hours ago, a fourth test was executed 35
hours ago, and a fifth test was executed 50 hours ago. Attribute score determine 124
may determine the second attribute score associated with the first test by using the
example algorithm in Table 1 where Vi is 5 hours, min(V) is 5 hours (e.g., a minimum
last execution time amongst 5 hours, 10 hours, 35 hours, and 50 hours), and max(V)
is 50 hours (e.g., a maximum last execution time amongst 5 hours, 10 hours, 35 hours,
and 50 hours). In this case, the second attribute score associated with the first test
may equal to 0. Similarly, the second attribute score associated with third test may
equal to 0.67 where Vi is 35 hours. To provide another example, the second attribute
score associated with the fifth test may equal to 1 where Vi is 50 hours. Given that the
fifth test has not been executed for the past 50 hours, it may make sense to give a
higher second attribute score for the fifth test than the rest of the tests such that the

fifth test may be given a higher priority than the other tests.

[0030] Table 1

ATTRIBUTE (V) ATTRIBUTE SCORE
. , v, — min(V)
Average Execution Duration A= ez () = min(V)’
Last Execution Time (,'ml,‘(;)n_l—%)

. (Status = Fail?1:0
Last Execution Status ams =t )

(IsNewTest 71:0)
New Test

(1 — SuccessRatio)

Success Ratio

. v, — min(V)
Number of Story Points (_maxt(V) r-’i";nin(V))

. . ClassificationWeight
Classification

9
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[0031] Note that the example algorithm given for the “execution duration”
attribute would return a higher attribute score to the test with a shorter execution
duration such that the test that runs faster may be considered for execution before
considering another test that runs slower. The example algorithm given for the “last
execution status” attribute returns a higher attribute score to the test with a “failed”
status such that the failed test can be considered for execution before considering
another test that was successfully executed the last time. The example algorithm
given for the “new test” attribute returns a higher attribute score to the test that is a
new test such that the new test can be considered for execution before considering an
old test that has been already executed in the past. The example algorithm given for
the “success ratio” attribute returns a higher attribute score to the test that has a lower
success ratio such that the one with a lower success ratio can be considered for
execution before considering another test with a higher success ratio. The example
algorithm given for the “number of story points” attribute returns a higher attribute
score to the test associated with a higher number of story points, meaning that the test
covering more complex features may be considered for execution before considering
another test covering simpler features. As to the “classification” attribute, each
classification type (e.g., unit test, functional test, performance test, etc.) may have a
user-defined classification weight. For example, a user may set a higher classification
weight for a unit test than a performance test such that the unit test may be considered

for execution before considering the performance test for execution.

[0032] Test score determine engine 125 may determine a test score
associated with the particular test based on the attribute scores (e.g., associated the
individual attributes of the particular test) and the user-defined weights associated with
the individual attributes. Each of the attribute scores may be scaled by a
corresponding user-defined weight, as shown in Table 2. For example, test score
determine engine 125 may obtain a first user-defined weight (e.g., W1 of Table 2)
associated with the first attribute (e.g., average execution duration) of the particular
test. The first attribute score of the first attribute may then be scaled by (e.g.,

multiplied by) the first user-defined weight.

[0033] Test score determine engine 125 may determine the test score
associated with the particular test by calculating a sum of the scaled attribute scores of

the set of attributes. For example, test score determine engine 125 may calculate the

10
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sum of the scaled attribute score of the first attribute associated with the particular test,
the scaled attribute score of the second attribute associated with the particular test, the
scaled attribute score of the third attribute associated with the particular test, and so
on. In some implementations, test score determine engine 125 may determine the
test score associated with the particular test by calculating an average of, a median of,
a maximum of, a minimum of, and/or other representative value of the attribute scores

(or the scaled attribute scores) associated with the particular test.

[0034] Table 2
ATTRIBUTE (V) WEIGHT ATTRIBUTE SCORE SCALED ATTRIBUTE
W) SCORE
Average Execution W1 __ Vi— min(V) e Vi— min(V)
Iguration A @ = miny) Wit Q= ra® = min)’
Last Execution Time W2 —= min(V) ) W2 (s min(V) ;
max(V) — min(V) max(V) — min(V)
Last Execution W3 (Status = Fail 21 : 0) W3 « (Status = Fail 71 : 0)
Status
New Test w4 (IsNewTest 21 :0) W4 « (IsNewTest 71:0)
Success Ratio W5 (1 - SuccessRatio) W5 * (1 — SuccessRatio)
Number of Story W6 (V= min®) e Vi min®)
Points max(V) — min(V) max(V) — min(V)
Classification W7 ClassificationWeight W7 * ClassificationWeight

[0035]

Test sort engine 126 may sort the set of tests based on the test score

associated with the particular test (and/or the test score associated with each of the
set of tests). For example, the set of tests may be sorted in descending order of test
scores associated with individual tests of the set of tests. In this example, if a first test
has a higher test score than a second test with a lower test score, the first test may be

sorted higher than the second test. In some implementations, the subset of tests in a

11
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particular testing job may be sorted (e.g., in descending order of test scores

associated with individual tests of the subset of tests).

[0036] Test execute engine 127 may cause the sorted set of tests to be
executed (e.g., a test with a higher test score is executed prior to the execution of
another test with a lower test score). In some instances, a time constraint may be
applied to the set of tests (e.g., by time constraint obtain engine 122). In these
instances, after test execute engine 127 executes a first test of the sorted set of tests
(e.g., the first test having the highest test score among the test scores associated with
the individual tests of the set of tests), test execute engine 127 may determine
whether an execution duration of the first test is below the time constraint. In response
to determining that the execution duration of the first test is below the time constraint,
test execution engine 127 may cause a second test of the sorted set to be executed
(e.g., the second test having the second highest test score among the test scores

associated with the individual tests of the set of tests).

[0037] After the second test is executed, test execution engine 127 may
determine whether a total execution duration of the first and second tests is below the
time constraint. Again, in response to determining that the total execution duration of
the first and second tests is below the time constraint, test execution engine 127 may
cause a third test to be executed (e.g., the third test having the third highest test score
among the test scores associated with the individual tests of the set of tests). After the
third test is executed, test execution engine 127 may determine whether the total
execution duration of the first, second, and third tests is below the time constraint.
This process may iterate until the total execution duration is not below the time
constraint or all of the set of tests are executed. In response to determining that the
total execution duration is not below (e.g., exceeds or is above and/or equal to) the
time constraint, test execution engine 127 may prevent the next test (e.g., of the

sorted set) from being executed.

[0038] In some implementations, test execute engine 127 may cause a first
test of the sorted subset of tests to be executed during the particular testing job before
a second test of the sorted subset of tests is executed, wherein a first test score
associated with the first test is higher than a second test score associated with the
second test. In some instances, a time constraint may be applied to the particular

testing job (e.g., by time constraint obtain engine 122). In these instances, after test

12



WO 2016/172950 PCT/CN2015/078055

execute engine 127 executes the first test of the sorted subset (e.g., the first test
having the highest test score among the test scores associated with the individual
tests of the subset of tests), test execute engine 127 may determine whether an
execution duration of the first test is below the time constraint. In response to
determining that the execution duration of the first test is below the time constraint, test
execution engine 127 may cause the second test of the sorted subset set to be
executed during the same testing job (e.g., the second test having the second highest
test score among the test scores associated with the individual tests of the subset of

tests).

[0039] After the second test is executed, test execution engine 127 may
determine whether a total execution duration of the first and second tests is below the
time constraint. Again, in response to determining that the total execution duration of
the first and second tests is below the time constraint, test execution engine 127 may
cause a third test to be executed during the same testing job (e.g., the third test having
the third highest test score among the test scores associated with the individual tests
of the subset of tests). After the third test is executed, test execution engine 127 may
determine whether the total execution duration of the first, second, and third tests is
below the time constraint. This process may iterate until the total execution duration is
not below the time constraint or all of the subset of tests are executed. In response to
determining that the total execution duration is not below (e.g., exceeds or is above
and/or equal to) the time constraint, test execution engine 127 may prevent the next

test (e.g., of the sorted subset) from being executed.

[0040] In some implementations, the ClI or CD pipeline may comprise
another testing job (e.g., the next testing job) after the particular testing job. The next
testing job may comprise a second subset of the set of tests. In response to
determining that the total execution duration is not below the time constraint in the
particular testing job, test execution engine 127 may cause at least one test of the
second subset to be executed. In other words, test execution engine 127 may stop

executing any more tests in the particular testing job, and move to the next testing job.

[0041] In performing their respective functions, engines 121-127 may access
data storage 129 and/or other suitable database(s). Data storage 129 may represent
any memory accessible to application testing system 110 that can be used to store

and retrieve data. Data storage 129 and/or other database may comprise random
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access memory (RAM), read-only memory (ROM), electrically-erasable programmable
read-only memory (EEPROM), cache memory, floppy disks, hard disks, optical disks,
tapes, solid state drives, flash drives, portable compact disks, and/or other storage
media for storing computer-executable instructions and/or data. Application testing
system 110 may access data storage 129 locally or remotely via network 50 or other

networks.

[0042] Data storage 129 may include a database to organize and store data.
The database may reside in a single or multiple physical device(s) and in a single or
multiple physical location(s). The database may store a plurality of types of data
and/or files and associated data or file description, administrative information, or any

other data.

[0043] FIG. 2 is a block diagram depicting an example application testing
system 210. Application testing system 210 may comprise a test identify engine 221,
a time constraint obtain engine 222, an attribute identify engine 223, a test score
determine engine 224, a test execute engine 225, and/or other engines. Engines 221-

225 represent engines 121-123, 125, and 127, respectively.

[0044] FIG. 3 is a block diagram depicting an example machine-readable
storage medium 310 comprising instructions executable by a processor for application

testing.

[0045] In the foregoing discussion, engines 121-127 were described as
combinations of hardware and programming. Engines 121-127 may be implemented
in a number of fashions. Referring to FIG. 3, the programming may be processor
executable instructions 321-327 stored on a machine-readable storage medium 310
and the hardware may include a processor 311 for executing those instructions. Thus,
machine-readable storage medium 310 can be said to store program instructions or
code that when executed by processor 311 implements application testing system 110
of FIG. 1.

[0046] In FIG. 3, the executable program instructions in machine-readable
storage medium 310 are depicted as test identifying instructions 321, time constraint
obtaining instructions 322, attribute identifying instructions 323, attribute score
determining instructions 324, test score determining instructions 325, test sorting

instructions 326, and test executing instructions 327. Instructions 321-327 represent
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program instructions that, when executed, cause processor 311 to implement engines

121-127, respectively.

[0047] FIG. 4 is a block diagram depicting an example machine-readable
storage medium 410 comprising instructions executable by a processor for application

testing.

[0048] In the foregoing discussion, engines 121-127 were described as
combinations of hardware and programming. Engines 121-127 may be implemented
in a number of fashions. Referring to FIG. 4, the programming may be processor
executable instructions 421-424 stored on a machine-readable storage medium 410
and the hardware may include a processor 411 for executing those instructions. Thus,
machine-readable storage medium 410 can be said to store program instructions or
code that when executed by processor 411 implements application testing system 110
of FIG. 1.

[0049] In FIG. 4, the executable program instructions in machine-readable
storage medium 410 are depicted as test identifying instructions 421, attribute
identifying instructions 422, test score determining instructions 423, and test executing
instructions 424. Instructions 421-424 represent program instructions that, when
executed, cause processor 411 to implement engines 121, 123, 125, and 127,

respectively.

[0050] Machine-readable storage medium 310 (or machine-readable storage
medium 410) may be any electronic, magnetic, optical, or other physical storage
device that contains or stores executable instructions. In some implementations,
machine-readable storage medium 310 (or machine-readable storage medium 410)
may be a non-transitory storage medium, where the term “non-transitory” does not
encompass transitory propagating signals. Machine-readable storage medium 310 (or
machine-readable storage medium 410) may be implemented in a single device or
distributed across devices. Likewise, processor 311 (or processor 411) may represent
any number of processors capable of executing instructions stored by machine-
readable storage medium 310 (or machine-readable storage medium 410). Processor
311 (or processor 411) may be integrated in a single device or distributed across
devices. Further, machine-readable storage medium 310 (or machine-readable

storage medium 410) may be fully or partially integrated in the same device as
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processor 311 (or processor 411), or it may be separate but accessible to that device

and processor 311 (or processor 411).

[0051] In one example, the program instructions may be part of an
installation package that when installed can be executed by processor 311 (or
processor 411) to implement application testing system 110. In this case, machine-
readable storage medium 310 (or machine-readable storage medium 410) may be a
portable medium such as a floppy disk, CD, DVD, or flash drive or a memory
maintained by a server from which the installation package can be downloaded and
installed. In another example, the program instructions may be part of an application
or applications already installed. Here, machine-readable storage medium 310 (or
machine-readable storage medium 410) may include a hard disk, optical disk, tapes,
solid state drives, RAM, ROM, EEPROM, or the like.

[0052] Processor 311 may be at least one central processing unit (CPU),
microprocessor, and/or other hardware device suitable for retrieval and execution of
instructions stored in machine-readable storage medium 310. Processor 311 may
fetch, decode, and execute program instructions 321-327, and/or other instructions.
As an alternative or in addition to retrieving and executing instructions, processor 311
may include at least one electronic circuit comprising a number of electronic
components for performing the functionality of at least one of instructions 321-327,

and/or other instructions.

[0053] Processor 411 may be at least one central processing unit (CPU),
microprocessor, and/or other hardware device suitable for retrieval and execution of
instructions stored in machine-readable storage medium 410. Processor 411 may
fetch, decode, and execute program instructions 421-424, and/or other instructions.
As an alternative or in addition to retrieving and executing instructions, processor 411
may include at least one electronic circuit comprising a number of electronic
components for performing the functionality of at least one of instructions 421-424,

and/or other instructions.

[0054] FIG. 5 is a flow diagram depicting an example method 500 for
application testing. The various processing blocks and/or data flows depicted in FIG.
5 (and in the other drawing figures such as FIG. 6) are described in greater detail

herein. The described processing blocks may be accomplished using some or all of
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the system components described in detail above and, in some implementations,
various processing blocks may be performed in different sequences and various
processing blocks may be omitted. Additional processing blocks may be performed
along with some or all of the processing blocks shown in the depicted flow diagrams.
Some processing blocks may be performed simultaneously. Accordingly, method 500
as illustrated (and described in greater detail below) is meant to be an example and,
as such, should not be viewed as limiting. Method 500 may be implemented in the
form of executable instructions stored on a machine-readable storage medium, such

as storage medium 310, and/or in the form of electronic circuitry.

[0055] In block 521, method 500 may include identifying a set of tests for
testing an application. Referring back to FIG. 1, test identify engine 121 may be

responsible for implementing block 521.

[0056] In block 522, method 500 may include identifying a set of attributes
associated with a particular test of the set of tests. The set of attributes may comprise
an average execution duration of the particular test, a last execution time of the
particular test, and a last execution status of the particular test. Referring back to FIG.

1, attribute identify engine 123 may be responsible for implementing block 522.

[0057] In block 523, method 500 may include determining attribute scores
associated with individual attributes of the set of attributes. Referring back to FIG. 1,

attribute score determine engine 124 may be responsible for implementing block 523.

[0058] In block 524, method 500 may include obtaining user-defined weights
associated with the individual attributes. Referring back to FIG. 1, attribute score

determine engine 124 may be responsible for implementing block 524.

[0059] In block 525, method 500 may include determining a test score
associated with the particular test based on the attribute scores and the user-defined
weights associated with the individual attributes. Referring back to FIG. 1, test score

determine engine 125 may be responsible for implementing block 525.

[0060] In block 526, method 500 may include sorting the set of tests based
on the test score associated with the particular test. Referring back to FIG. 1, test sort

engine 126 may be responsible for implementing block 526.

[0061] FIG. 6 is a flow diagram depicting an example method 600 for

application testing. Method 600 as illustrated (and described in greater detail below) is
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meant to be an example and, as such, should not be viewed as limiting. Method 600
may be implemented in the form of executable instructions stored on a machine-
readable storage medium, such as storage medium 210, and/or in the form of

electronic circuitry.

[0062] In block 621, method 600 may include identifying a time constraint for
a particular job in a Cl pipeline or a CD pipeline. The particular job may be associated
with a job policy that defines a subset of tests (e.g., of the set of tests) that are
assigned to the particular job. Referring back to FIG. 1, time constraint obtain engine

122 may be responsible for implementing block 621.

[0063] In block 622, method 600 may include sorting the subset of tests in
descending order of test scores associated with individual tests of the subset of tests.
Referring back to FIG. 1, test sort engine 126 may be responsible for implementing
block 622.

[0064] In block 623, method 600 may include causing a first test of the
sorted subset of tests to be executed. The first test may have the highest test score
among the test scores associated with the individual tests of the subset of tests.
Referring back to FIG. 1, test execute engine 127 may be responsible for

implementing block 623.

[0065] In block 624, method 600 may include determining whether an
execution duration of the first test is below the time constraint. Referring back to FIG.
1, test execute engine 127 may be responsible for implementing block 624. If the
execution duration of the first test is below the time constraint, method 600 may
proceed to block 625. On the other hand, if determined that the execution duration of
the first test is not below (e.g., exceeds or above and/or equal to) the time constraint,

method 600 may proceed to block 656.

[0066] In block 625, method 600 may include causing a second test of the
sorted subset of tests to be executed. The second test may have the second highest
test score among the test scores associated with the individual tests of the subset of
tests. Referring back to FIG. 1, test execute engine 127 may be responsible for

implementing block 625.
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[0067] In block 626, method 600 may include preventing the second test
from being executed. Referring back to FIG. 1, test execute engine 127 may be

responsible for implementing block 626.

[0068] The foregoing disclosure describes a number of example
implementations for application testing. The disclosed examples may include systems,
devices, computer-readable storage media, and methods for application testing. For
purposes of explanation, certain examples are described with reference to the
components illustrated in FIGS. 1-4. The functionality of the illustrated components
may overlap, however, and may be present in a fewer or greater number of elements

and components.

[0069] Further, all or part of the functionality 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 to the illustrated examples. Further, the sequence of operations described in
connection with FIGS. 5-6 are examples and are not intended to 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 disclosed examples need not perform the
sequence of operations in any particular order. Thus, the present disclosure merely
sets forth possible examples of implementations, and many variations and
modifications may be made to the described examples. All such modifications and
variations are intended to be included within the scope of this disclosure and protected

by the following claims.
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CLAIMS

1. A method for application testing, the method comprising:

identifying a set of tests for testing an application;

identifying a set of attributes associated with a particular test of the set of
tests, the set of attributes comprising an average execution duration of the
particular test, a last execution time of the particular test, and a last execution
status of the particular test;

determining attribute scores associated with individual attributes of the set
of attributes;

obtaining user-defined weights associated with the individual attributes;

determining a test score associated with the particular test based on the
attribute scores and the user-defined weights associated with the individual
attributes;

sorting the set of tests based on the test score associated with the
particular test; and

causing the sorted set of tests to be executed.

2. The method of claim 1, further comprising:

identifying average execution durations of individual tests of the set of tests;

determining a minimum average execution duration amongst the average
execution durations of the individual tests;

determining a maximum average execution duration amongst the average
execution durations of the individual tests; and

determining a first attribute score of the attribute scores based on the
minimum average execution duration and the maximum average execution

duration.

3. The method of claim 1, further comprising:

identifying last execution times of individual tests of the set of tests, the last
execution time of the particular test comprising a difference in time between a
current time and a time that the particular test was executed the last time on the

application;

20



WO 2016/172950 PCT/CN2015/078055

determining a minimum last execution time amongst the last execution
times of the individual tests;

determining a maximum last execution time amongst the last execution
times of the individual tests; and

determining a second attribute score of the attribute scores based on the

minimum last execution time and the maximum last execution time.

4. The method of claim 1, wherein the last execution status of the particular
test indicates whether the particular test was successfully executed on the
application the last time, further comprising:

determining a third attribute score of the attribute scores based on the last

execution status.

5. The method of claim 2, further comprising:

obtaining a first user-defined weight associated with the average execution
duration of the particular test; and

determining the test score associated with the particular test, the test score

including the first attribute score scaled by the first user-defined weight.

6. The method of claim 1, further comprising:

identifying a time constraint for a particular job in a continuous integration
(Cl) pipeline or a continuous deployment (CD) pipeline, the particular job
associated with a job policy that defines a subset of tests in the set of tests that

are assigned to the particular job.

7. The method of claim 6, further comprising:

sorting the subset of tests in descending order of test scores associated
with individual tests of the subset of tests;

causing a first test of the sorted subset of tests to be executed, the first test
having the highest test score among the test scores associated with the

individual tests of the subset of tests;
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determining whether an execution duration of the first test is below the time
constraint; and

in response to determining that the execution duration of the first test is
below the time constraint, causing a second test of the sorted subset of tests to
be executed, the second test having the second highest test score among the

test scores associated with the individual tests of the subset of tests.

8. A non-transitory machine-readable storage medium comprising
instructions executable by a processor of a computing device for application
testing, the machine-readable storage medium comprising:

instructions to identify a set of tests for testing an application in a
continuous integration (Cl) pipeline or a continuous deployment (CD) pipeline,
the Cl or CD pipeline comprising a current testing job to which a first subset of
the set of tests is assigned;

instructions to identify a first set of attributes associated with a first test of
the first subset, the first set of attributes comprising at least one of: an average
execution duration of the first test, a last execution time of the first test, and a
last execution status of the first test;

instructions to identify a second set of attributes associated with a second
test of the first subset, the second set of attributes comprising at least one of: an
average execution duration of the second test, a last execution time of the
second test, and a last execution status of the second test;

instructions to determine a first test score associated with the first test
based on the first set of attributes;

instructions to determine a second test score associated with the second
test based on the second set of attributes, wherein the first test score is higher
than the second test score; and

instructions to cause the first test to be executed during the current testing

job before the second test is executed.

9. The non-transitory machine-readable storage medium of claim 8, further

comprising:
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instructions to obtain a time constraint for the current testing job;

instructions to determine whether an execution duration of the first test
exceeds the time constraint; and

in response to determining that the execution duration of the first test
exceeds the time constraint, instructions to prevent the second test from being

executed.

10. The non-transitory machine-readable storage medium of claim 9,
wherein the Cl or CD pipeline comprises a next testing job to be executed after
the current test job, the next testing job to which a second subset of the set of
tests is assigned, further comprising:

in response to determining that the execution duration of the first test
exceeds the time constraint, instructions to cause at least one test of the second

subset to be executed.

11. The non-transitory machine-readable storage medium of claim 8, further
comprising:

instructions to determine a first attribute score associated with a first
attribute of the first set of attributes;

instructions to obtain a first user-defined weight associated with the first
attribute; and

instructions to determine the first test score based on the first attribute

score scaled by the first user-defined weight;

12. The non-transitory machine-readable storage medium of claim 11,
further comprising:

instructions to determine a second attribute score associated with the first
attribute of the second set of attributes;

instructions to determine the second test score based on the second
attribute score scaled by the first user-defined weight; and

instructions to sort the first test and the second test by comparing the first

test score with the second test score.
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13. A system for application testing comprising:

a processor that:

identifies a set of tests for testing an application in a continuous integration
(Cl) pipeline or a continuous deployment (CD) pipeline, the CI or CD pipeline
comprising a particular testing job to which a first test and a second test of the
set of tests are assigned,;

obtains a time constraint for the particular testing job;

identifies a set of attributes associated with each of the first and second
tests, the set of attributes comprising at least one of. an average execution
duration, a last execution time, and a last execution status;

determines a first test score associated with the first test based on the set
of attributes associated with the first test, and a second test score associated
with the second test based on the set of attributes associated with the second
test, wherein the first test score is higher than the second test score;

causes the first test to be executed during the particular testing job prior to
an execution of the second test;

determines whether an execution duration of the first test exceeds the time
constraint; and

in response to determining that the execution duration of the first test

exceeds the time constraint, prevents the second test from being executed.

14. The system of claim 13, wherein the set of attributes associated with
the first test comprises at least one of: an indication of whether the first test is a
new test, a success ratio of the first test, a story point associated with the first

test, and a classification of the first test.

15. The system of claim 13, the processor that:
in response to determining that the execution duration of the first test does
not exceed the time constraint, causes the second test to be executed during

the particular job.
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