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Abstract— The article describes the mechanism used to
control GUI tests coverage and the technique of GUapplication
under test model building using probabilistic netwaoks. The
technology of combining GUI tests into the commonetwork has
been developed. The mechanism to report defects iroposed.
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. INTRODUCTION

Testing is a process of execution of the progrardetect
defects [1]. The generally accepted methodology toe
iterative software development Rational Unified d&iss
presupposes the performance of a complete testach e
iteration of development. The testing process dfamdy new
but also earlier code written during the previogsations of
development, is called regression testing. It'sisahle to use
the automated tools when performing this type efing to
simplify the tester work. "Automation is a set okasures
aimed at increasing the productivity of human lakboyr
replacing part of this work, the work of machinef] The
process of automation of software testing beconagsqd the
testing process.

The requirements formulation process is the mopbitant
process for software developed. The V-Model is aveaient
model for information systems developing. It's bmeo
government and defense projects standard in Gerrf@gjnjhe
basic principle of V-model is that the task of itegtthe
application that is being developed should be
correspondence with each stage of application dpwetnt
and refinement of the requirements. One of the ldpweent
model challenges is the system and acceptancengesti
Typically, this type of testing is performed acdogito the
black box strategy and is difficult for automatidmecause
automated tests have to use the application icterather than
API.

"Capture and replay" is the one of the most wideded
technologies for web application test automatiocoeting to
the black box strategies today [4]. In accordandth whis
technology the testing tool records the user'soastiin the
internal language and generates automated tests.

Practice shows that the development of automatstd te
most effective if it is carried out using modernthuals of

software development: it is necessary to analyeegthality of
the code, merge into the library the duplicate cofldests,
which must be documented and tested. All this regua
significant investment of time and the tester stiduhve the
skills of the developer.

Thus, the question arises of how to combine the use
actions recording technology and the manually aatethtests
development, how to organize the automated tesifsicegion,
and whether it is possible to develop an applicatand
automated tests in parallel according to the metlogy of the
test-driven development (TDD).

There are systems capable of determining the setsts
that must be performed first. Such systems offenuaby
associate automated tests with the changes irotheesfiles of
application under test. However, the connectiorwbeh the
source and the tests can be expressed in termsnditional
probabilities. The probabilistic networks used lie tartificial
intelligence, could also be useful when defining telations
automatically based on the statistics of testslt®sBy using
probabilistic networks we can link interface openas and test
data and this will allow reducing the complexityaaftomation.

II.  KEY ELEMENTSOFPROPOSEDESTING

TECHNOLOGY

For tests automation we could use a probabilistisvark
that has the following structure:

The first level network shown in Fig. 1, consisfstwo

InIayers, which determine the location of graphicahtools on

the web page. Top-level nodes Fig. 1.1 are eithgep or the
condition of the tested application page such page of the
user authentication. Lower-level units are templaised to
identify GUI elements Fig. 1.3. Some nodes are Gdsitainer

templates Fig. 1.3. Fig. 1.4 shows the propertighe selected
node, like the template for the password field. pBra

elements that occur more than on one page carabsférred
to a general unit for multiple pages, such as Eigthat shows
the menu items. Fig. 1 shows only the network cotioe

between the unit and the common elements of the pag
simplify the visualization of the network for teste

The availability of GUI templates and states of theb
interface allows monitoring the test coverage faeiface of



application with tests; it also allows to effectiveadapt
automated tests to new versions of the testedcabioln.
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Fig. 1 GUI elements composition

The main goal of the second level network is tocdee
the workflow of the program in the form of intercmeted
rules, describing the program states and GUI iaterfactions
(see Fig. 2). The network consists of two layerd &vo types
of nodes that include the nodes of all possibl¢estaf the
program (see Fig. 2.1) and the nodes of all pasgbbgram
actions (see Fig. 2.2). The communication netwakcdbes
the state transitions as a result of GUI activitiese page can
be linked to the data (see Fig. 2.3) to descrileestate of the
page containing dynamic elements, for examplebke taith a
date. The data layer consists of nodes storingsthe of the
tested application and the operations that modiéydata. Fig.
2.3 describes the results table which is used gn 4. Each
table row should include a reference to additionfgirmation;
the lower part of the table should contain addalor3
references (see Fig. 2.4) while the search boxlIdhiaalude
the search phrase (see Fig. 2.5). The state of gpahical
elements is not preserved in the data layer (F&).t8 simplify
the automation process.

The system of tests automation constantly analymestate
of the application interface during the tests rdoay time. If
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Fig. 2 Program Algorithm

The third level network describes the tests an@dasfof
the tested program. The top layer describes af s@itten tests
(see Fig. 3.1) and is connected to the nodes p@gesFig.
3.2). Each test case describes what action and gviaghics
should be checked (Fig. 3.3). Subsequently, théesywill
find preliminary steps for testing, using an altor to find a
way to graph states proposed by S. Russell [Sktfopn one
or more tests.

The relationship between the test and page nodedbea
divided by a bug note to describe the defect (sge34). The
defect can be in one of the following states tugrénpositive
test into a negative one (see Fig. 3.5):

» presence of an undocumented and uncorrected defect
(the node is absent)

e expectance of an uncorrected and described defect (
defect node created and verify defect reproduce)

» absence of the expected defect (the defect nodé can
reproduce the defect)

« confirmed lack of the described defect (the defaxte
verifies the defect absence)

The test system displays test results in a difteneaay for
developers and testers. This allows evaluatingctiteectness

the same sequence of actions is repeated many, tiles of the automated tests and independently assetgnguality

system offers to merge this sequence for multiplgep into a
common block (see Fig. 1.5). The recorded actiomb sdates

of the tested application. The presence of thedifele of a
defect integrates accounting system defects andmeatéd

will not be duplicated. When writing the second andiesting.

subsequent tests, the system adds only unknowritioorsdand
operations. Although the model interface can bet spto

separate files, it will not prevent the system friiamking blocks

common for several pages. Often, automated tesiplaate

the process of automation as a result of an unssfde
candidate decomposition code. A single model of whele

test interface can help to avoid duplication andetfactor the
source of recorded tests.

The system determines an appropriate relationsttipden
the states if a previously unknown combination cfams was
done between the known conditions in the processestf
recording.

The priority value is associated with each testendthis
characteristic is actually the probability that thst result will
be incorrect, for example, the bug will not be oehrced or the
expected page will not load properly. The highee th
probability of the failure, the more importantstto run the test
to fix the problem and increase the stability ctitey.

The priority of the test run can be set manually thg
tester, or can be statistically calculated on thsid of the
associated defect status changes, or the assosi@tect code
changes, or on the basis of the results of the sastdor the
same controls of other pages. Typically, thesestese
associated with blocks of common elements (see3F.

The most important testing task is to measure the
relatedness of the test results from the interteatesto the



application, or previous operation. The main problef such
measurements is an extremely large number of gonditvith
should be measured by the test system. The whsterjiof
the automated testing system is preserved, andpatitrmed
activity is associated with a corresponding netwwkle .
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Fig. 3 Description of Tests and Defects

The fourth level network describes the knowledgeualnf
testing purposes (see Fig. 4). The network consfdtse nodes
which represent the testing goal (see Fig. 4.1)isuagsociated
with one or more tests (see Fig. 4.2). The exampthe target
can either be one or a group of pages and of ftedenterface
program (see Fig. 4.3).
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Fig. 4 Description of Test Purposes

Two algorithms are used for the network work; they the
calculation network algorithm and the path findelgorithm.
The calculation algorithm determines the statushef tested
application using patterns of GUI elements, anduates the
priority of tests running, analyzing what assoaateurce files
have been changed and what defects have been Tikedpath
finding algorithm finds the sequence of preparatsigps to
perform the test in order to select a sequencesi$ that will
allow to reduce the total test time.

Ill.  NETWORKS CALCULATION ALHORITHM

* Probabilistic network links can be directed or

undirected.
» Probabilistic network links can contradict eacheoth

The first level network must be recalculated, diesphe
controversy because the program interface can baguwthe
graphic elements may not work properly, requiremenay be
outdated or the tester can make mistakes. Theajaak test
system is to detect these mistakes.

Probabilistic networks nodes can take multiple &alu
which are characterized by probabilities. The philiig
evaluate whether the node actually takes this qudati
probability value. The condition corresponding he node, its
condition is called a characteristic. The sum of al
characteristics of the multivalue node equals 1.

P(AL)+P(A2)+...+P(An)=1 (1)

The network connection may be contradictory.
Contradictions arise when there is a problem in tést
program. The algorithm has to consider the mutnfalénce of
links and to make approximation solutions. On ttleeohand,
the system can independently adjust its work ire cdghe loss
of control of the tested application.

To describe the algorithm we shall present an elamp
calculating the characteristics of the two statéssimple
networks. For simplicity, we use only the connewidetween
two nodes while the binary characteristics andcineditional
probabilities equal 1 or 0. We shall use Bayeshiala to
calculate the characteristic of the required node:

P(A)=P(A[B)*P(B) )

Let's consider an example where the communicatsoim i
conflict. Let's suppose that we know that:

P(AIC)=0

Figure 5. Contradictory Conditions

When looking at Figure 5 we can consider connest{o
and B-A independent, and the probability node Aakulated
as the probability of two independent events:

P(A)=(P(AIB)*P(B)+P(AIC)*P(C))/2 (©)
Another difficulty is the presence of cycles in thetwork.

Let's add to the previously described structurehef network

Figure 5 connection C-B, and calculate the valuéshe

The test system uses a modification of the Bayesianharacteristics B and C on the basis of the giestex A

networks calculation algorithm proposed by R. Sbhlec[6].
The modified algorithm can calculate the networkrein the
presence of the following features:



P(AIC)=0

O P(C[B)=P(B|C)=1
C

Figure 6. Contradictory Dependencies

P(A)=1 P(AB)=1

When looking at the network (Figure 6) we can see a

apparent contradiction: the links from node A assigfferent
states to nodes B and C but the link C - B requiiesdentity
of node values.

We could solve the contradiction by reducing thesttrin
relations of the network but we can’t do that uni know the

in the background, and if there is a problem, il ask the
tester without stopping the execution of otherstest

The system operation and the work of the testet with
some initial page and state of the tested appdicatiThis
condition is evaluated and if the condition doesawrespond
to GUI templates, the system will suggest that @d a new
state to the model. To facilitate the dialogue witth user all
the questions are simply reduced to the confirmatib the
changes, or, in case of an error, the choice ofigfie solution.
For example, if the test system reliably determiéthe basic
controls, it prompts you just to confirm a pageolaty Next, the
system selects the highest priority operation &stihg, then
performs it, and analyzes the next state. In caserdlict such
as some unexpected behavior or the appearance désted
application the system will propose to create araittaristic

correct values. The temporary solution should be thdescribing the defect.

construction of the set of the skeletons of trdes metwork for
any given performance with equal confidence intiats and
the known value of the node A. There are threeestet for
the network (see Figure 6). It's easy to calculéeprobability
value of the nodes for each such skeleton. Finadlyfind the
average value for each characteristic for eacteskelkree. The
solution can be presented in the following way:

P(C=1)=P(B=0)=0,333, P(C=0)=P(B=1)=0,667 (4)

The advantage of the algorithm is that the conaratian
combine more than two characteristics and the ladithe
relationships conversions can be defined by thgraromer
manually. The link may be represented as a funafweveral
variables that return the value to the node to fiies directed
and that can be defined in any programming languabe
presence of a double direction
characteristics can be described by two oppositeignted
links.

IV. AUTOMATION PROCESS

The probabilistic network for the application tagtican be
created on the basis of the “record and play” tdhls method
is useful when the testing system has a poor krigelef the
tested application. When recording the test sysitores the
sequence of the application states and interfatenac After
the recording of the test the test automation sysiwites the
tester to answer some questions. The recordediagtach of
transitions between the states should become thdt i&f the
recording.

The tester creates a test node and describes theneed
for the test to define the test case. He can craaset of
tolerance values for each GUI element of the page Fig.
2.3). In this case, it will reach the coverageetiith according
of the black box strategy “covering the toleranaege”, based
on the testing criteria of the class of input antpat data.

The network for the application testing can be te@asing
the answers to the questions about the interfdus. ilterface
is effective when the model contains enough knoggeabout
the tested program. The system will be testingathalication

CONCLUSION

The technology of the test automation using prdlisdiboi
networks uses generic templates of interface gcapho
conduct the analysis of the interface test progndnich allows
to carry out the testing of the applications basedhe “black
box” criterion by covering the tolerance range ba basis of
the testing criteria of the classes of input angboudata.

The developed measures allowed to vary the ordéheof
execution of tests for related modules, analyZiegtést results
for the current or previous versions of the appiicaand can
serve as a new measure to evaluate the relatioreéetthe test
results and various modules of the program foroierall
functionality.

The mechanism of defects detection, designed ateldtdy

link between the twghe author, can be used to evaluate the correctmesbe

automated testing work and independently assesgputdiéy of
the tested application.

This technology has been tested in the project VWPebZ
automation Ajax interface testing and has shown
effectiveness and convenience
development of GUI Unit Tests writing.

The author thanks his scientific adviser |. Pilefsk his
help in preparing this paper.
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