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CHOOSING THE TEST AUTOMATION SYSTEM ACCORDING TO CUSTOMER
REQUIREMENTS

The subject of the research are methods and technologies for automating the process of software product testing. The aim of the work
is to optimize the time and costs for performing automated testing of software products. The following tasks were solved: analysis of
existing software testing automation systems; formation of system of selection criteria for testing automation systems; development of
formalized model of selection process; development of automation system selection algorithm considering customer's requirements;
development of UML diagrams for presentation of functional capabilities of developed application; development of application for
informational support of selection process. To solve these tasks, we used methods of system analysis, theory of sets and technologies
of cross-platform applications development. The following results were obtained: The most popular systems of test automation have
been analyzed, their scope and main capabilities have been singled out. Selection criteria are singled out, divided into qualitative and
quantitative. Formalized model for choosing test automation systems taking into account their characteristics and customer
requirements is proposed. Developed UML diagram shows the functionality of the developed subsystem. The proposed algorithm for
determining the re-recommended system of test automation allows us to take into account the vectors of criteria for testing systems.
On the basis of the formalized model and algorithm we developed a subsystem that allows us to determine the optimal variant of test
automation system on the basis of the introduced selection criteria. Conclusions: informational support for choosing a test automation
system for software products based on the developed algorithm takes into account the customer's requirements and the characteristics
of the existing systems, which allows us to select the most preferable option out of the possible systems. The main result of the
developed subsystem is a recommendation for a user to use an automated testing system, taking into account customer requirements.

Keywords: testing of the software; automation testing systems; criteria of choice of the systems; the model of multicriteria
choice; the algorithm of choice of the system; a diagram of precedents.

Introduction

When planning work on the development of a
software system, much attention is paid to one of the
stages of the life cycle - testing. Testing is a very
important stage because it is at this stage the developed
system takes the form of a full-fledged product. At
present, systematized testing is actively used in the
industrial development of software products. Automation
of this process becomes more and more necessary with
increasing scale of projects [1]. Automatization systems
significantly simplify the process and save both time and
money [2, 3].

At present, there is a large number of test automation
systems on the market, both traditionally popular and
newly emerging. A software company faces a nontrivial
task of selecting test automation systems, taking into
account existing restrictions/requirements, such as
supported testing processes, technologies, standards,
integration with development systems, application type,
platform type, test execution time, budgets

When implementing the testing phase, it is necessary
to meet the resource conditions of the software product
development project [4, 5]. It is necessary to take into

Tablel. Analysis of existing test automation systems

account the time and cost constraints, which may be the
requirements of the customer.

Thus the purpose of this article is to optimize the
time and cost of performing automated testing. The article
presents analysis and comparison of existing testing
automation systems, development of a mathematical
model for choosing the automatic testing subsystem and
an algorithm of the subsystem performance for choosing
an appropriate system for automating the testing process.

Analysis of recent research and publications

The process of automatic testing involves checking
the software product for various inaccuracies and errors
that were made at the development stage [6]. Analysis of
publications on the subject showed that the main attention
is paid to testing methods (functional, system, modulus,
performance testing, etc.) and capabilities of software
tools [6, 7]. Nowadays there are many different
automation systems, which are used at testing stage of
software products [8, 9]. Table 1 presents a comparative
analysis of existing software testing automation systems,
reveals their main features and application features
[10-17].

Name Field of application

Features

1 2

3

Selenium It is used to automate the testing of web
applications, as well as any routine actions
performed through the browser. Selenium
supports desktop and mobile browsers.

- allows you to develop automation scripts in almost any
programming language;

- the ability to organize distributed stands that consist of
hundreds of machines with different operating systems and
browsers;

- the ability to run scenarios in the clouds.
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1 2

3

TestComplete | Allows you to create tests for Windows

to automate various types of software testing
for .NET, Java, Visual C++, Visual Basic,
Delphi, C++Builder, web pages and other
applications in order to reduce the time
required for manual testing.

applications, web servers and web pages. Used

- the presence of a special mechanism that facilitates the
creation of scripts for testing applications;

- the necessary actions of the tester are automatically recorded
in a file that is available for viewing and editing and repeats
all previously performed operations when launched;

- recorded tests can be modified later.

extension to Microsoft Visual Studio

Quick Test Faster than its counterparts recognizes graphic | - offers a wide range of functionality for checking and

Professional controls (“controls") interacting with the application under test;

(QTP) - uses the VVBScript programming language to automate tests;
- offers several types of checkpoints that allow users to
control different aspects of application testing.

MS Test Requires installation of Visual Studio, as it is - research testing;

part of the Team Foundation Server product. - planning and execution of manual tests;

Plans and test results are saved on the Team - cross-platform test configurations (different versions of the

Foundation Server. Test scenarios are managed | same test for different platforms/releases);

by Microsoft Test Manager (MTM). MTM - test passing diagnostics (logs, videos, etc.);

includes a test plan, test case, and - import-export of tests;

configurations. - cross-project import/export of tests;

MTM works only at the application level, so it | - recording and playback of manual tests (recorder);

needs to be installed on the server (if the server | - test automation.

is remote, the work is done via VPN).

Provides the ability to combine tasks that are

assigned to the performer, with the reports

(defects) and reports on the time spent on the

work.
Telerik WebUI | Used to automate functional testing of web - Silverlight support. In the initial versions of the program
Test Studio applications (ASP.NET, Silverlight). Itis an there were enough bugs associated with the support of

silverlight elements, now the problem has been eliminated;
- excellent handling of AJAX requests of any complexity;
- no problems when writing tests with RadControls
components (page controls);

- has a handy test editor;

- integration with other testing tools. All features of Visual
Studio are available;

- basic functionality of any sensible modern automation tool
(Test Recorder, Elements Explorer, DOM Explorer, code
generation, support for multiple browsers, etc.) is
implemented at a good level.

The effectiveness of the testing phase depends on the
correct choice of an automation tool. The choice of an
application test automation system depends on the
following factors:

- the type of application to be tested (platform
orientation);

- the testing objectives (compliance with standards,
applicability of the system);

- the requirements of the client (deadline and cost).

Based on this, there is a need to develop a formalized
model for selecting a means of performing automated
testing.

Materials and methods

To formalize the process of selecting a system for
automating the testing process, the following model is
proposed. Let's represent in the form of a vector of sets of
criteria affecting the choice of a test automation system:

K ={k} i=16. @)

Two types of criteria are used: quantitative and
qualitative [18]. Quantitative criteria include:

- K, —timing (necessary time to carry out the work);

- K, — cost of the work (the cost of their
implementation);

- K, — number of employed specialists.

Qualitative criteria include:

- K, — degree of applicability of the system;

- K, —degree of compliance with standards;

- K - platform orientation.

The degree of applicability of systems allows you to
determine how effectively a test automation system can be
adapted to the real work on a project when going through
the testing phase, and which of its benefits can be most

useful in doing so [19, 20]. The degree of compliance with
standards shows to what extent the various characteristics
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of activities in the testing phase comply with international
standards in this area:

- 1SO 90003:2014 (Guidelines for the application of
ISO 9001:2008 to computer software);

-1SO 25051:2014 (Requirements for quality of
Ready to Use Software Product (RUSP) and instructions
for testing);

- IEEE 829 (Software test documentation);

- IEEE 1008 (Standard for Software Unit Testing);

-1SO 8402 (Quality management and quality
assurance);

- 1ISO 9126 (Software engineering — Product quality).

Each of the standards has its own specific
specification and reflects a particular aspect of
the testing phase activity. The degree of conformance to
the standards shows how well the testing phase
has been prepared, depending on each specific standard.

For example, IEEE Standard 829 describes the
procedure for compiling a test plan that will be
used for the work, IEEE Standard 1008

describes the procedure for organizing unit testing,
etc.

It should be noted that the choice of test automation
system is carried out on at least two criteria Ki, which
are most important to the customer. Let's represent the
existing test automation systems as a set
M [21, 22]:

M:{mj}! j:]-!N' (2)
In this case, the values of the vector of criteria for
each test automation system are known:

It should be noted that these criteria are
heterogeneous. To bring them into a dimensionless value,
it is necessary to normalize them by the formula:

_ ki (mj)_ki’a(mj)

) =) ke (m,)’

4)

where k" (m,) — the best value of the criterion;
ki“(m,) — the worst value of the criterion;
k. (m,) —the current criterion values.

The value of quantitative criteria is represented by
some non-negative number. Qualitative criteria have point
estimates, i.e. they are also represented by non-negative
numbers. These evaluations can be obtained by expert
way. Experts also determine the degree of importance of
criteria, i.e. a tuple of dimensionless weight coefficients
can be determined:

A=<ag >, i= in.
The condition must be met that:

_ n
Oﬁai <1, Vi=1n, Zai .
i=1

®)

Thus, we can introduce a utility function:

P(x) = F[AK{" (mj)], (6)

where ki”(mj) — normalized criteria in the interval [0, 1]

4);

A — tuple of dimensionless weight coefficients.

Customer requirements for selecting a test
automation system are described by a vector of desired
criteria values:

R={r}, i=16. @)

In this case, if the customer is not interested in some
of the criteria, the corresponding criteria in the vector can
take the value -1 (as a negative signal value).

It is also necessary to fulfill the condition of resource
feasibility of the testing stage:

res, <Res,,

®)

where Res, — I-th resource (time, financial, etc.) of the

software project;
res, —k-th type of resource at the testing stage.

The problem statement is formulated as follows: it is
necessary to form the resulting set M, < M, which

consists of alternatives, corresponding in their values of
criteria (3) to the requirements of the customer:

M, ={(k(m) | (k(m)<r)o(k(m)>-1}. (9)
Let's represent the algorithm for choosing the
automation system as follows:

Step 1. Initialization: resulting set Mrec = &.

Step 2. For all mieM, i=1, 2, ... Nu.

2.1. flag = true.

2.2.Forallr,j=1,2,...N.

2.2.1. If r; == -1, then switch to 2.2.

2.2.2. If the matching condition is not met rj + k(m'),
then flag = false

223. If (j==N)
Mrec = Mrec U m;,

and  (flag==true), then

The designation means the operation of checking the
correspondence (rj + z4) of the value of the i-th criterion of
the j-th test automation system to the value of the same i-
th criterion determined by the customer. The final choice
of one option of test automation system from the Mrec set
(if it contains more than one element) is recommended to
be made based on the customer's preferences or
using the criteria  convolution according to
the formula (6).

Study results

Based on a formal representation of the system
selection process for test automation and a generalized
selection algorithm, a prototype subsystem was developed
to recommend a test automation system to the customer
based on various types of actors. Fig. 1 shows the USE
CASE diagram, which shows the relationships between
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the actors and precedents of the subsystem under

E[pert

User (customer)

automation systems

automation systems K

development.

Introduction of
multiple test

Entry of criterion
values for test

Enter customer
requirements for
selecting a test

View results about
recommended Mrec test
automation systems

Fig. 1. The USE CASE diagram of the subsystem under development

The input data for the subsystem are the following
parameters:

- project name;

- version;

- project type;

- platform used,;

- start date of the stage;

- end date;

- estimated duration (days);

- anticipated cost;

- number of specialists employed;

- assessment of compliance with standards (1 to 10),
such as: 1SO 90003:2014, ISO 90003:2014, ISO
25051:2014, IEEE 829, IEEE 1008, 1SO 8402, 1SO 9126.

A score of 1 to the standard defines the worst value,
and 10 defines the best value, i.e. full compliance of the
testing system with the specified software standards. It is

Table 2. Values of the criteria vectors for automation systems testing

assumed that the subsystem selects the most preferable
system for test automation among the systems presented
in table 1.

Table 2 shows data on the correspondence of the set
of criterion vector values for test automation systems. A
combination of parameter values determines the
possibility of recommending a particular test automation
system.

Based on the values of the previously mentioned
criteria ki, as well as the set M of the considered test
automation systems, an algorithm for determining the
recommended test automation system was obtained (fig.
2). The incoming arrow index in the system selection
block in the algorithm in fig. 2 was used to refine the set
of criterion vector values for the systems - written in
brackets in the cells of table 2.

Values Selenium TestComplete QTP MS Test Telerik
Test
Studio
Application type
Windows-Application -1 -1 -1 -1 -1 1(10) | 1(11) -1 -1 1(7) -1
Windows, .Net -1 -1 -1 -1 -1 [ 1100 | 1 -1 -1 1) -1
Windows, Java -1 -1 -1 -1 -1 -1 1(11) -1 -1 -1 -1
Web application 13) | 14 | 1(5) | 18 | 19 -1 -1 12) | 1(6) -1 1(1)
Web, .Net 1(3) -1 -1 -1 1(9) -1 -1 -1 1(6) -1 1(1)
Web, Java 1@ | 1 e | 1 -1 -1 -1 -1 -1 -1
Web, other -1 -1 15) | 1 -1 -1 -1 12) | 1 -1 -1
Budget
<=10.000 1(3) -1 -1 -1 -1 1(10) -1 -1 -1 -1 -1
>10.000 -1 -1 -1 -1 -1 -1 -1 -1 -1 1(7) -1
<=20.000 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1(1)
>20.000 -1 -1 -1 -1 | 109 -1 -1 -1 | 168 | -1
Terms
> 14 days -1 -1 -1 18) | 1(9) -1 -1 1(2) | 1(6) -1 1(1)
<= 14 days 13) | 14 | 1(5) -1 -1 -1 -1 -1 -1 -1 -1
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Fig. 2. Algorithm of determination of the recommended test automation system

In the presented scheme, when choosing a web
application, the timing and budget are taken into account,
because the available systems allow more flexibility in
organizing the process of test automation in web
development. When choosing a Windows application, the
timing and budget (except for the .Net platform) are not
taken into account, because the systems supporting these
platforms do not allow such flexibility in organizing the
automation process.

Generally speaking, the algorithm can be represented
by the following steps:

- logging into the system;

- entering the name and version of the project;

- selection of the application type (web application
selected);

- entering the start and end date of the stage;

- input of the estimated duration;

- entry of estimated costs.

Consider an example of calculating the choice of the
system according to the specified initial data:

Project name: Randomator.

Version: 2.1.2.

Type of the project: Web application.

Platform used: .NET.

Start date of the stage: 25.08.2019.

End date: 12.10.2019.

Estimated duration: 48 days.

References

Estimated cost: 24000.

Conclusions

A model of multi-criteria choice of test automation
system on the basis of the vector of quantitative and
qualitative criteria is proposed, which allows taking into
account the requirements of the customer and the
resources of the project to create a software product with
the help of the utility function. The paper presents an
algorithm for determining the recommended system of test
automation, which is implemented in a prototype software
subsystem in which the user receives a specific
recommendation for the use of the most effective system
of test automation based on the entered data.

Scientific novelty of the article consists in the
formalized representation of the process of choosing the
system for automating the testing of software products,
which allows scientifically justified choice of the system
for evaluating the compliance of the finished program
with the specified requirements.

Practical significance consists in the possibility of
using the developed subsystem for information support of
testers of software products. This allows you to choose the
best option for automating the testing process, taking into
account the requirements of the customer.
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BbIBOP CUCTEMBI ABTOMATH3ALIMA TECTUPOBAHUSI C YYUETOM
TPEBOBAHUM 3AKA3UUKA

IIpeamerom uccnenoBaHus ABISIOTCA METOABI M TEXHOJOTMU aBTOMAaTU3alMU IPOLECCa TECTUPOBAHUSA MPOTrPaMMHBIX IIPOTYKTOB.
Ilenpio paGoTHl SABISETCS ONTHMM3AIMSA BPEMEHH M 3aTpaT Ha BBINOJHEHHE aBTOMATHYECKOTO TECTHPOBAHMS HPOTPAMMHOTO
npoaykTa. B pabote perieHsl ciefyronie 3aAadyM: MPOBEACHHE aHANIN3a CYIIECTBYIOIIUX CHUCTEM aBTOMAaTU3alUH TECTHPOBAHMS
MPOTPaMMHBIX TIPOAYKTOB; (OPMHPOBAHHE CHCTEMBI KPHUTEPUEB BBIOOpAa CHCTEM aBTOMATH3al[MM TECTUPOBAHMSA; pa3paboTka
(hopManM30BaHHOW MOJENU Mpolecca BbIOOpa; pa3paboTKa aJropuTMa BbIOOpa CHCTEMBbI aBTOMATH3AaLUH C y4eTOM TpeOOBaHHM
3aKka3uymka; paspadotka UML nmuarpamm mid mpencraBieHHs (PyHKIMOHANIBHBIX BO3MOXKHOCTEH pa3pabOTaHHOTO MPUIOXKEHHS,
pa3paboTKa TPWIOKEHUS 1 HWHPOPMAIMOHHON NOANEPXKKHM Iporecca BbIOOopa. [t perleHnst yKa3aHHBIX 3amad  ObUIH
HCIIOIb30BaHBl METOABI CHCTEMHOTO aHAIN3a, TEOPHU MHOXKECTB, TEXHOJOTHH pa3pabOTKH KpocC-IUIAT(GOPMEHHBIX HPHIOKEHUI.
[Momyyensl ciepyronye pe3yJabTaTbl. [IpoaHamu3upoBaHBl HauOoJyiee INONYJSIPHBIE CHCTEMbl ABTOMATH3AlMM TECTHPOBAHUS,
BBIZIEJIEHBl MX 00JacTh NPUMEHEHHS W OCHOBHBIE BO3MOXKHOCTH. BBINENeHBl KpHUTepuH BBIOOpa, KOTOPHIE pa3AeNsoTcs Ha
KOJIMYECTBEHHbIE M KauecTBeHHbIE. [Ipeanoskena opManu3oBaHHas MOAENb BEIOOPA CHCTEM aBTOMATH3ALNH TECTUPOBAHHUS C YIETOM
WX XapaKTepUCTUK M TpeOoBaHWH 3akazumka. Paszpaboramnas UML nuarpamma oTpaxkaeT (YHKIHMOHAJIBHBIE BO3MOXKHOCTH
pa3pabatsiBaeMoii moacucTeMsl. [IpenoskeHHbIH anropuT™ OIpeeNeHIs PEeKOMEHAYEMO CHCTEMBl aBTOMAaTH3alUH TeCTUPOBAHUS
MO3BOJISIET YUUTHIBATh BEKTOPHI KPUTEPUEB JUIS CHCTEM TecTHpoBaHus. Ha ocHOBe dopmann3oBaHHOW MOJENM M alropuTMa ObLia
pa3paboTaHa IMOACHCTEMa, KOTOpas Ha OCHOBE BBEICHHBIX KPHTEPHEB BBHIOOpPA MO3BOJSET OINPEACIHTh ONTHUMANBHBIA BapHaHT
CHCTEMBI aBTOMATH3al[M{ TEeCTHPOBaHUs. BhIBOABI: HH(MOpPMaMOHHAS MOJIEP)KKa BEIOOpA CHCTEMBI aBTOMATH3alH TECTUPOBAHHUS
NIPOTPaMMHBIX IPOIYKTOB Ha OCHOBE pa3pabOTaHHOTO alrOpHTMa YYHUTHIBAeT TPEOOBaHMS 3aKa3uMka M XapaKTEPUCTHKH
CYIIECTBYIOIINX CHCTEM, YTO II03BOJISIET BHIOpaTh HanOojee NPEANOYTUTENbHBIH BapHaHT W3 BO3MOXKHBIX cucTeM. OCHOBHBIM
pe3ynpTaToM paboThl Pa3pabOTaHHONW IOACHCTEMBI SIBISIETCS MONydYEHHE MOJB30BaTeNeM PEKOMEHJANH IO HCHOIb30BaHUIO
CHCTEMBI aBTOMATHYECKOTO TECTHPOBAHUS C YyUETOM TpeOOBaHHHN 3aKa3unKa.

KiiodeBble cJI0Ba: TECTHPOBaHUE MPOrpaMM; CHCTEMbI aBTOMATH3alUH TECTHPOBAHUS; KPUTEPHU BBHIOOPA CHCTEMBI; MOJEIb
MHOTOKPHTEPHAIBLHOTO BHIOOPA; aTOPUTM BEIOOPA CHCTEMBI; IHarpaMMa IpereaeHTOB.

BUBIP CUCTEMU ABTOMATU3AILIl TECTYBAHHSA 3 YPAXYBAHHSIM BUMOI'
3AMOBHHUKA

Ipeamerom mociimkeHHS € METOAN Ta TEXHOJIOTII aBTOMAaTH3allil IPOLeCy TECTyBaHHS MPOTPaMHUX MPOAYKTiB. MeTor poboTh €
ONTHMIi3allis 4acy ¥ BHTpAT Ha MPOBEICHHS aBTOMATHYHOIO TECTYyBaHHS HPOrPaMHOro MPOAYKTy. B poOoTi BupilleHi HAcTymHi
3aJa4i: IPOBEJICHHs aHaJi3y ICHYIOUMX CHCTEM aBTOMAaTH3allil TECTYBaHHS MPOTrPaMHUX IPOAYKTIB; GOPMyBaHHsS CUCTEMH KPHUTEPIiB
BHOOpPY CHCTEM aBTOMATH3allil TECTYBaHHsI, PO3poOKa (opmanizoBaHol MoJeli Mpolecy BHOOPY; po3poOKa aaropurMy BHOODPY
CHCTEMH aBTOMAaTH3allil 3 ypaxyBaHHSIM BHMOT 3aMOBHHKa; po3poOka UML niarpam juist mogaHHs (QYHKIIOHAIBHUX MOXKIMBOCTEH
Ppo3po0IIeHOTO TOATKY; po3podka ToaaTKy Ais iHGOopMaLiitHOT MATPUMKH mporiecy Bubopy. s po3B’a3aHHS BKa3aHUX 3a1ad OyIu
BUKOPHUCTaHI METOAU CUCTEMHOTO aHAIi3y, TeOopil MHOKHH, TEXHOJIOTiT pO3p0oOKH Kpoc-TaThOopMHUX NoAaTKiB. OTprUMaHi HACTYITHI
pe3yabTaTu. [IpoaHanizoBaHi HaiOUIBII MOMYJSAPHI CHCTEMH aBTOMATH3allil TECTyBaHHS, BHAUIEHI iX 00NacTh 3aCTOCYBaHHS U
OCHOBHI MOJIMBOCTI. BuzineHi kpurepii BHOOpY, sIKi pO3AUISAIOTECS Ha KUTBKICHI Ta SKiCHI. 3ampornoHoBana GopMalizoBaHa MOZETb
BHOOPY CHCTEM aBTOMAaTH3allil TECTYBaHHS 3 ypaxyBaHHSAM IX XapaKTepHCTHK i BUMOT 3aMOBHHMKA. Po3pobnena UML miarpama
BimoOpaxkae ()yHKIIOHAIbHI MOXJIMBOCTI PO3pOOIIIOBAHOI MiICHCTEMH. 3alpONOHOBAHWN aJrOPUTM BHU3HAYEHHS PEKOMEHIOBAHOI
CHCTEMH aBTOMAaTH3allil TECTYBaHHs JO3BOJIIE€ BPAXOBYBaTH BEKTOPH KPUTEPIiB AJIsI cUCTeM TecTyBaHHs. Ha ocHOBI ¢opmanizoBaHol
MOJIeNi Ta anropuTMy Oyna po3pobieHa mifcucTeMa, sKa Ha OCHOBI BBEJICHUX KPHUTEPIiB BHOOPY JO3BOJISE BU3HAUUTH ONTHMATLHUN
BapiaHT CHCTEMH aBTOMAaTH3allii TecTyBaHHA. BucHOBKM: iH(opMamiiiHa MiATpUMKA BHOOPY CHCTEMH aBTOMATH3allii TECTyBaHHS
MPOrpaMHHX MPOAYKTIB Ha OCHOBI PO3pOOJICHOr0 AITOPUTMY BPaxoBY€ BUMOTH 3aMOBHHKA i XapaKTEPUCTHKU iICHYFOUHX CHCTEM, 11O
JI03BOJISIE OOMpaTH HaHOUTBII IepeBaXKHHH BapiaHT cepel MOXIMBUX cucTeM. OCHOBHHMM pe3ylIbTaToM poOOTH pPo3pobieHol
IiJICHCTEMH € OTPUMAaHHS KOPHCTYBaYeM PEKOMEH/AIlil 3 BAKOPHCTAHHS CHCTEMH aBTOMATHYHOTO TECTYBaHHS 3 YpaxyBaHHSAM BHMOT
3aMOBHHKA.

KiiouoBi ciioBa: TecTyBaHHsS NpoOrpaM; CHCTEMH aBTOMAaTH3allii TeCTyBaHHs:, KpHUTepil BHOOpY CHCTEMH; MOJEINb
0araToKpuTepiatbHOTO BHOOPY; alrOPUTM BHOOPY CHCTEMH; Aiarpama IpeLeIeHTIB.
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