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Abstract 

There are numerous techniques for developing test automation in today’s qual- 

ity assurance automation area. Different frameworks, applications, and program- 

ming languages can be used to build it. Automation tests can be done in parallel 

or in series. Many test automation developers are unsure which technique to use 
while developing their software. We are interested in developing test automation 

with distributed systems that perform automated tests on numerous machines 
and browsers in parallel. The creation of test automation with distributed Sys- 

tems is a crucial feature of this effort, as is the design of an effective architecture 
with the integration of various applications. We used the Selenium grid frame- 

work to spread automated tests across numerous servers that were containerized 

in Docker. In Jenkins Continuous Integration (CI) and Continuous Delivery (CD) 
environment, we run all processes with maven. As a result, we created develop- 
ment test automation with distributed systems that perform automation tests 

in parallel, speeding up testing and allowing it to run on several browsers and 

operating systems at the same time.



Auyatua 

Byrigri callaHbl KaMTaMacbr3 eTyMl aBTOMaTTaHObipy aliMarbluta CbIHaK aBTOMa- 
THKAaChIH JaMbITYAbIH KeMTereH aficrepi 6ap. Oust Kypy yin apTyp1i cpetim- 
BOPKTapAbl, KON TaHOalapAbl 2*KeHe Oarqapsamasay TiIAepih Mafiqatanyra 6ona- 
abl. ABTOMaTTaHAbIpy CBIHAKTAPBIH MapateIbAl Hemece TisGeKTel oppinqayra 
6omagpt. Kenreren recrineyzi aBTOMaTTaHAbIPYAbI a3ipseyinitep 6argapraMaJbik 
2KaCaKTaMacbiH a3ipyiey KesiHe KaHJali onicvi KoJIaHy KepeKTirik 6iMelizi. Bis 
TapaJebli Type KelTered MallidHaslap MeH 6pay3ep.tepse aBTOMaTTaH JEIpbI- 
JPaH CbIHaKTapHbl OpblHTaTbiH OeMiHTeH 2KyiteepMeH TecTiseyzi aBToMaTTaH- 
AbIpyHb TaMbiryra Myiwenimis. YuaecTipMeti »yiterepMen TecTieyIi aBTOMatT- 

TaHABIPYABI KYpy OCbI KYIU-2KirepgAlH Welllyul epekmesiri OombIN Tabbiagbl, co- 

HbIMeH KaTap epTypwi Ko.1gqanOanapabl OipikTipy apKbLIbI THIMi apxuTeKTypaHBI 

xobasay. bis Selenium top xyppipmprn Docker-re KonTeiiHepmeHren Kertreren 

cepBepJiep OolibiHilia aBTOMaTTaHJbIPbIIFaH CbIHaKTapIbI TapaTy Yuin Ko-laH- 

apik. Jenkins Continuous Integration (CI) »xaHe Continuous Delivery (CD) opta- 

chlH Ja 613 6apAbIK Mpollecrepai maven KeMerimMeH icke Kocambl3. HaTuxKecinze 6i3 

aBTOMATTAaHbIPY ChIHAKTAPbIH Wapanletb OPbIHaHThIH, TecTieyAi *«bNaMia- 

THIN, OHbIH OipHerme 6pay3eplep MeH ONepallMaAbIK *Kyitenepse Sip yakbITTa 2Ky- 
MBIC icTeyiHe MYMKiHJiK 6epeTiH YlecTiplireH 2xyHenepMeH osipJey CbIHaKTapbIH 

ABTOMATTAHIbIPYABI 2KacaJIbik.



AHHOTAaLMA 

B coppemenHoit o6lacTu aBTOMaTUsalluu ObecIieveHuA KatecTBa CyllecTByeT MHO- 

2KeCTBO MeTOL0B paspaOoTKH aBToMaTH3anuu TecTHpoBanua. Jima ero co3qaHua 

MOLYT HCM0-1b30BaTbCH paxIMdHble CpeliMBOpKN, IIPHAORKEHUA M ASHIK Mporpam- 

MMpOBaHHx. ABTOMATHYECKHe TECThI MOTYT BBINOMHATHCH TapaJJIebHO .1H TO- 

cnenopaTebHo. Muornve paspaGoTuuk aBTOMaTH3allMu TecTHPOBaHHA He yBepe- 

HBI, KAKy10 TEXHUKY HCTIOb3OBaTb Mp paspaooTKe cBoero MporpaMMHoro obectie- 

yeHua. Mbl 3aMHTepecoBaHbI B paspaboTKe aBTOMaTH3allMl TecTHpOBaHHA C T0- 

MOUIBIO paciipefeseHHEIX CHCTeM, KOTOpble BbINOMHAIOT aBTOMaTMYecKHe TeCTHI 

Ha MHOKeCTBe KOMMbIoTepos H Opaysepop Mapa-vierbHO. Baxkueiiiet ocobeHHo- 

CTbIO STUX YCuM ABNAeTCH CO3TAaHHe ABTOMATHSAMM TECTHPOBAHI C MOMOLI[BIO 

paciipeseseHHbIX CHCTeM, a Tak2Ke MpoeKTHpoBaHne acbcbeKTHBHOM apXHTeKTYPbI 

c WHTerpalveli pa3IM4HbIXx TipnsoxKenniit. Mbt uciorb3soBa1d rpug-cbpeiMBopk 

Selenium 14 paclipocTpaHeHud aBTOMATMYeCKUX TeCTOB Ha MHOXKECTBO CepBe- 

poB, KOTopble ObLIM KOHTeHepH30BaHbl B Docker. B cpege Jenkins Continuous 

Integration (CI) u Continuous Delivery (CD) mbt 3amyckaem Bce Ipoljeccbl C Mo- 

Moutbio maven. B pesysIbTaTe MBI CO34aIM ABTOMATHsal{Mlo TecTHPOBaHHA paspa- 

60TKH C paciipeesIeHHbIMu cucTeMaMH, KOTOpBbIe NapaJJIeJIbHO BbIMOJIHAIOT TeECTbI 

ABTOMATH3alluu, yCKopaAd TeECTHUPOBaHHe U HOsBOJIHH GallyCKaTb ero B HECKOJIDKUX 

6paysepax HM onepalHOHHbIX CHCTeMaX OJHOBpeMeHHO.
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Nomenclature 

CI/CD Continuous Integration /Continuous Delivery 

GB gigabyte 

IDE Integrated Development Environment 

QA Quality Assurance 

RAM random access memory 

ROM read-only memory



1. Introduction 

1.1 Quality assurance 

Quality assurance (QA) is rapidly expanding, and there are numerous techniques 

for designing a test automation environment. Using Java, Python, JavaScript, 

and other computer languages, we may create automated tests. We also have 

a variety of frameworks, applications, and techniques for various programming 

languages. The overall goal of this study is to demonstrate how we can construct 

test automation|5] with distributed systems. This method will allow us to execute 

automation tests in parallel mode{1][13], allowing us to run tests on numerous Mar 

chines with the desired operating system and version. If one machine fails, it has 

no bearing on the other machines. The significance of this topic is that it demon- 

strates the creation of test automation with distributed systems by designing an 

effective architecture with the integration of many applications. This will assist 

test automation developers in creating a reliable and effective test automation 

environment. 

Jenkins Continuous Integration (CI) and Continuous Delivery (CD), Docker 

containers, Docker images, Selenium grid, Eclipse integrated development envi- 

ronment (IDE) , Maven, test runner TestNG, and browsers are all used to accom- 

plish this. Jenkins is a CI/CD server that automates the development process 

by developing, testing, and deploying software. Docker is an OS-level virtualiza- 

tion platform that uses applications packaged in containers. A Selenium grid is 

a server that runs tests on numerous machines simultaneously. In addition, the 

Selenium grid has a hub and employees called Grid nodes. In Selenium Grid, the 

Hub node controls the Grid nodes. Maven makes it simple to create Java projects. 

TestNG is a test runner that facilitates the execution of automation tests.



1.2 Literature Review 

We have a number of research papers in the automation testing area that illustrate 
how to develop test automation in series mode. Some publications describe how to 
apply automation with various frameworks based on computer languages, while 
others discuss the benefits and drawbacks of various test automation methods. 
This study focuses on development test automation using distributed systems, 
which aids in the parallel execution of stable tests. We did not find a similar 
topic. 

We published "The best framework for QA automation testing: Advantages 
and disadvantages of Robot framework."{21] article in Suleyman Demirel Univer- 

sity Bulletin: Natural and Technical Sciences. Where we can find seven criteria‘s 

which showed positive and negative sides of this framework in testing area. One 

of the criteria‘s was parallel execution where we used distributed mode with Sele- 

nium grid. This criteria showed positive effect where we saved time for execution 

automated test cases. In this article we did not show how we made it, we just 

took results. Also, we did not work in dependency of things which we need in 

running automated test cases. 

Also, we published "DEVELOPMENT OF TEST AUTOMATION WITH 

DISTRIBUTED "[20] article in XIX International Multidisciplinary Conference 

“Innovations and Tendencies of State-of-Art Science” Mijnbestseller Nederland, 

Rotterdam, Nederland. Where we show how we can develop test automation 

with distributed systems but we did not provide detail information which help in 

development. We did not make investigation in test automation with distributed 

systems area. 

Article "A framework for automated testing of automation systems"[2] showed 

series mode of running automated test cases. Where Test-First Development 

framework improved automation systems development and product quality. Au- 

thor had test case generation, execution and reporting which support testing 

processes more efficiently. This approach standard test automated work where we 

waste time for execution in series mode. . 

Article "A Maintainability Spreadsheet-Driven Regression Test Automation 

Framework"[15], author showed how we can use Spreadsheet-Driven Regression 

: 2 hat 

test automation framework without script development. Also, we can see tha



this framework showing series mode execution of automated test cases. This 
method took more time than distributed because test developer should control 
spreadsheet, this is manual test work and takes more time than automated test 
work. 

Article "Software Integration Test Report Analysis Automation Using Python" [16] 
we can find how Python help in reading test report documents with integration 
testing at Varroc is performed using VectorCAST tool that generates test reports 
in HTML format. This method focused in parameters finding, if we generated 
new format test report document with new parameters, this method will fail. For 
making adaptation for different test report documents we need time. In test en- 
vironment we work for checking errors in application. If we took more time in 
analyzing test reports, we will develop or check manual less test cases. 

In overall, we published two articles where we have parallel execution but we 

found some gaps which should be improved in this thesis work. Also, other articles 

showed series mode execution where the main factor is execution time. In this 

thesis work we showed how we can save execution time of running automated test 

cases with distributed systems. 

1.3 Questions and objectives 

For making strong research question we answered for six criteria‘s: 

-Focused, We focused in developing test automation with distributed systems 

which help in making stable test environment and saving execution time. 

~Researchable, for this research we used primary and secondary sources. 

-Feasible, we can answered within the timeframe and practical constraints. 

-Specific, we can provide full information for answering. 

-Complex, for answering we made complex operation steps. 

-Relevant, this research relevant to our field of study. 

Research question: 

-How development test automation with distributed systems affect execution 

time with different factors? 

10



Objectives: 

-Develop test automation with distributed systems for showing architecture. 
-Run automated test cases in series and distributed mode. 

-Collect data from test reports. 

-Find dependency of different factors and execution time in test automation 
with distributed systems. 

1.4 Thesis Outline 

The remainder of this paper is structured as follows: The first chapter is Intro- 
duction chapter. In the section 2 we will have methods for this topic. Section 3 
presents results and discussion of this framework and Section 4 gives us Conclu- 
sion. Finally, Section 5 presents references and last section gives abstract. 

11



2. METHODS 

2.1 Methodological approach 

For finding factors which affect on execution time in test automation distributed 

system, we need to develop architecture of distributes automation test and analyze 
data from test reports which generated from test runner and test framework. 

We collected data in quantitative type because our factors measured in num- 

ber. We used primary data because we collected data from our test reports which 

it gives original data. This research is experimental, we intervene in a process and 

measure the outcome. 

This approach is the most suitable for answering our research question because 

factors which affect on execution time measured in numbers and from experiments 

we can make results. In test automation field is a standard methodology. 

2.2 Methods of data collection 

We had quantitative method because we collected results from experiments which 

run in test automation with distributed systems from test report documents. Also, 

we took from laptop characteristics. In experiment we developed test automation 

with distributed systems test environment where we run in Java automated test 

cases. From test runner and test framework we generated test reports with results 

of execution time, quantity test cases, laptop characteristics, remote container- 

ized machines. Reports generated in html format where we can see results of 

automated test execution. 

12



2.3 Data analysis methods 

We chose statistical analysis for analyzing data from experiments. We collected 
data from test reports which run in distributed automated tests environment. 

2.4 Docker 

We must get all applications from the official website in order to perform devel- 
opment test automation with distributed systems. To begin with, we use Docker 
containers, which allow you to package and start up programs with all of their 

prerequisites, including libraries, dependencies, and databases. We should host 

many virtual machines as Grid nodes that link to the hub node when configuring 
the Selenium grid.[4| We must also download the Selenium server jar, which we 
must install on each system where we perform Selenium grid tests. It takes a long 

time for testers to configure in this manner, and Docker containers assist us to al- 

leviate this problem. We install images of the hub and browser nodes into Docker 

containers to integrate Selenium grid with Docker containers. For this study, we 

used the Selenium hub image, Selenium node-chrome image, and Selenium node- 

firefox image to execute tests.[22| You may get these images through the official 

Docker Hub website or from the console using the following commands: 

-docker pull selenium/hub 

-docker pull selenium /node-chrome 

-docker pull selenium /node-firefox 

We may check using the terminal command (see Figure 2.1) after installing all 

the images. 

Figure 2.1: Docker images 

; recogni ; and nodes by their 
Docker networking must be configured to recognize hubs 

r network create 
container names in order to run Docker images.|19] We type docker 1 
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name in the terminal. Grid is the name of our Docker network. In Figure 2.2, we 

need to set the port, Docker network, and name for launching the hub image. 

Figure 2.2: Run Selenium hub images 

In Figure 2.3, we need to specify port, Docker network, name of Selenium hub 

image, publish and subscribe ports, and memory capacity for executing browser 

nodes image. 

mM
 

WN
 

Figure 2.3: Run Selenium node images 

Figure 2.4 show the main hub image node as well as three browser image 

nodes. 

Figure 2.4: Docker running images 

14



Figure 2.5 show the images status and ports. 

Figure 2.5: Docker running images status and ports 

2.5 Selenium Grid 

We go to the default local website "http://localhost:4444" to make that everything 

is working, and we see three remote nodes in Figure 2.6. 

URE hrtp 17218. 0 5:585S & ry URE ptep 77172 78,0.35555 

Stereotypes Stereotypes 

e 
s@.. id o€ 

Sessrons' 0 Max Concurrency 1 Sessions O Max. Concurrency. | 

URE hip T1258 ray ri 

Stereotypes. 

o€ |. o 

Sesuom 6 ‘Maw Concurenty 7 

Figure 2.6: Selenium grid local website



In this approach, Docker containers assist us in establishing remote computers 

on which we can execute automation tests using the Selenium grid in Figure 2.7. 
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Figure 2.7: Selenium grid without and with Docker containers 
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2.6 Maven 

We created Maven Project in Eclipse IDE in Figure2.8. 

"CS et Ae Ov VY OL vy to os wee VER. 

He Select a wizard um 

Je Select a wizard 
iz 

xs] Create a Maven project 

‘g _ 
<a{ Wizards: 

<v | type filter text 

<bf | 3 Gg» Java EE 
A > {> Java Emitter Templates 

> & JavaScript 

> & JAXB 

>» > JPA 

w (> Maven 

L- Check out Maven Projects from SCM 
Ws Maven Module 

fs Maven Project 
> && Oomph 

+ {& Plug-in Development 

> £2 Server 
v 

ef 

‘| @ © <Back [Nets] Finish Cancel | 

pr 

Figure 2.8: Maven Project 
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When Maven Project created, in the left side we have Package Explorer where 
we have all structure of Maven project in Figure2.9. 

[8 Package Expiorer 3@ 

v rp java.cucumber 
3 src/main/java 

 src/main/resources 

> src/test/java 

> 5 src/test/resources 
> BA JRE System Library [J2SE-1.5] 

> BA Maven Dependencies 

> §> src 

> & target 
> & test-output 

pom.xml 

ain
tg 

Figure 2.9: Package Explorer of Maven Project 

We found last stable version of Selenium java for maven pom dependency from 

website "https: //mvnrepository.com/" in Figure2.10. 

Home » org.seleniumhq.selenium > selenium-java 

Selenium Java 

Selenium automates browsers. That's it! What you do with that power is entirely up to you. 

License 

Categories Web:Testiig: 

Tags 
Used By 1,518 artifacts 

Central (119) i Atlassian 3rdParty (2) I Alfresco (1) fl ICM (3) | 

Version Date 

4.1.4 Apr, 2022 

4.1.3 Mar, 2022 

4.1.x 4.1.2 Jan, 2022 

4.11 Dec, 2021 

3.1.0 Nov, 2021 

4.0.0 Oct, 2021 

4.0.0-re-3 Oct, 2021 

Figure 2.10: Selenium Java pom dependency 
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We chose Selenium Java version 4.0.0 in Figure2.11. 

Selenium Java » 4.0.0 

Selenium automates browsers. That's it! What you do with that power is entirely up to you. 

License 

Categories 

HomePage https: //selenium.dev/ 

Date (Oct 13, 2021) 

Files pom (4 KB} jar (740 bytes? View All 

Repositories 

Used By 1,518 artifacts 

Note: There is a new version for this artifact 
! 

New Version 4.1.4 

[ Maven if Gradle if Gradle (Short} if Gradle (Kotlin} i{ SBT If Ivy i Grape i Leiningen i Buildr | 

| <t-- https: //mvarepository.com/artifact/org.seleniumhq.selenium/selenium-java “+> 
<dependency> 

<groupId>org.seleniumhq. selenium</groupId> 
<artifactId>selenium-java</artifactid> 
<version>4.@.0</version> 

</dependency> 

N. aS
 

Figure 2.11: Selenium Java version 4 
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Also, we chose TestNG test runner for maven pom dependency in Figure2.12. 

Home » org.testng » testng 

TestNG 
TestNG 

Testing framework for Java 

License FApache|2.0| 

Categories esting frameworks} 

Tags 
Used By 10,547 artifacts 

{ Central (79) | Spring Lib Release (1) I Spring Plugins (18) Il Redhat GA [1) ll Redhat EA (2) | FenixEdu (a) | 
ICenter (1) || Gradie Releases (1) |[ Kytigence (1) || mutesoft (1) | icra ca | 

Version Vulnerabilities Repository Usages Date 

7.6.x 7.6.0 [centrall 6 May, 2022 
7.5.x 7.5 337 Jan, 2022 

7.4% 7.4.0 382 Feb, 2021 

7.3.x 7.3.0 245 Aug, 2020 

7.2.x 7.1.0 737 Dec, 2019 

7.0.0 [central 390 Aug, 2019 

Figure 2.12: TestNG pom dependency 

20



We chose TestNG version 6.8 in Figure2.13. 

Kame » ofg.testrg » testrg * 6.8 

TestNG » 6.8 
TeswnG 

Testrg frameviork for Java 

Ucense 

Categories iTésting Framevioiks' 

HomePege Atto:/;testng.ceg 

Date {Sep 20, 2012) 

Files fem 73 ar (TSB ve a! 

Repositories | Cataral | Testi | Soriscyoe | 
Used By 10,547 artifacts 

Vulnerabilities from dependencies: 

CVE- 2021-36374 

Vulnerabilities CVE-2021-36373 

CVE-2020-1945 

Vievse 3 more ... 

Note: There is a new version for this artifact 

New Version 7.6.8 

Maven || cradle |{ Gradte (Snot: | Grade xen) | 337 Wnvy If Grape Ht teringen { Burdr | 

<{-- Mttps://menrepesitory coaartifact/org.testng/testng --> 
<Gepandenty> 

<groupid>org.testng</groupid> 
cartifactIdotestng< /artifactzd> 
<version6.8</version> 
<scope>test</scope> 

</dependency> 

Figure 2.13: TestNG version 6.8 

The next step is to create automation tests that will execute in a distributed 

environment.[3] In Figure2.14, we set up a maven Java project and used the 

default pom.xml file to add TestNG and Selenium for browser integration. 

<dependency> 
<grouplId>org.seleniumhq.selenium</grcupId> 

<artifactId>selenium-java</artifactId> 
<version>4.@.0</version> 

</dependency> 

<dependency> 
<groupId>org. testng</groupId> 
<artifactId>testng</actifactId> 

<version>6.8</version> 
<scope >test</scope> 

</dependency> 

Figure 2.14: Selenium and TestNG in pom.xml file 
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We must also configure this project to run via the maven command.[10] In 

Figure2.15, we add additional configuration to pom.xml and specify that tests be 

executed using the TestNG test runner. 

<grcupId>org.apache.maven.plugins</groupid> 
<artifactId>maven-compiler-plugin</artifactId> 
<versicn>3.10.1</versicn> 
<configuration> 

<source>1.8</scurce> 
<target >1.8</target> 

</configuration> 
</plugin> 

<plugin> 
<grcupid>org.apache.maven.plugins</groupId> 
<artifactId>maven-surefire-plugin</artifactId> 
<version>3.@.0-M6</version> 
<dependencies> 

<dependency> 
<groupId>org.apache.maven.surefire</grcupId> 
<artifactId>surefire-testng</artifactIid> 

<versicn>3.@.0-M6</version> 
</dependency> 

</dependencies> 

<configuration> 
<suitexmlFiles> 

<suiteXml=ile>testng.xml</suitexmlFile> 
</suiteXmlfiles> 

Figure 2.15: Maven with test runner TestNG in pom.xml file 
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2.7 TestNG 

In Figure2.16, we need to build a testng.xml file in which we configured the parallel 

test runner.(23] 

<?xml version="1.0" encoding="UTF-8"?> 
<!DOCTYPE suite SYSTEM "https://testng.org/testng-1.@.dtd"> 
<suite parallel="classes” name="“Suite”> 

<test name="Test”> 
<classes> 

<class name="steps. TestNGParallel”/> 
<class name="steps. TestNGParallel2"/> 

</classes> 

</test> <!-- Test --> 

</suite> <!-- Suite --> 

Figure 2.16: Testng.xml file 

We configured to run 5 automated test cases in distributed mode with help of 

TestNG runner in Figure2.17. 

1 <?xml version="1.8" encoding="UTF-8"?> 

2 <IDOCTYPE suite SYSTEM "https://testng.org/testng-1.6.dtd"> 

3 <suite parallel="classes” name="Suite”> 
4—  <test name="Test"> 
so <classes> 

6 <class name="steps. TestNGParallet"/> 

? <class name="steps. TestNGParatlel2"/> 

8 <class name="steps. TestNGParalLel3"/> 

g <class name="steps. TestNGParallel4"/> 

4@ <class name="steps. TestNGParalLelS”/> 
11 </classes> 

12 </test> <!-- Test --> 

13 </suite> <!-- Suite --> 

14 

Figure 2.17: Testng 5 automated test cases 
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Also, we configured to run 10 automated test cases in distributed mode with 
help of TestNG runner in Figure2.18. 

L <?xml version="1,0" encoding="UTF-8"?> 
2 <!DOCTYPE suite SYSTEM “https: //testng.org/testng-1.@.dtd"> 
3~<suite parallel="classes" name="Suite"> 
4- <test name="Test”> 
5- <classes> 
6 <class name="steps. TestNGParalLel"/> 

<class name="steps. TestNGParallel2"/> 
<class name=“steps. TestNGParallel3"/> 
<class name="steps. TestNGParallel4"/> 
<class name="steps. TestNGParallet5"/> 
<class name="steps. TestNGParallel6"/> 
<class name="steps. TestNGParallel7"/> 
<class name="steps. TestNGParalLels"/> 
<class name="steps. TestNGParallel9"/> 

1s . <class name="steps. TestNGParalleliq"/> 
16! </classes> 
17 </test> <!-- Test --> 

18 </suite> <!-- Suite --> 
19 

Figure 2.18: Testng 10 automated test cases 
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And we configured to run 15 automated test cases in distributed mode with 

help of TestNG runner in Figure2.19. Then we run 20 test cases, 30 test cases 
and 50 test cases. 

1 <?xml version="1.0" encoding="UTF-8"?> 
2 <!DOCTYPE suite SYSTEM “https://testng.org/testng-1.0.dtd"> 
3- <suite parallel="classes” name="Suite"> 
4- <test name="Test"> 
s~ <classes> 

6 <class name=“steps. TestNGParalLel”/> 
7 <class name="steps. TestNGParallel2"/> 
8 <class name="steps. TestNGParallel3"/> 

<class name="steps. TestNGParallel4”/> 
<class name="steps. TestNGParallel5"/> 
<class name="steps. TestNGParalLel6"/> 
<class name="steps. TestNGParallel7"/> 
<class name="“steps. TestNGParallLels"/> 
<class name="steps. TestNGParallel9"/ > 
<class name="steps. TestNGParalLelie"/ > 
<class name="steps. TestNGParallelii"/> 
<class name="steps. TestNGParalLeli2"/> 
<class name="steps. TestNGParalleli3"/> 
<class name="steps. TestNGParalteli4"/> 
<class name="steps. TestNGParal Leli5"/>| 

</classes> 
22 <ftest> <!-- Test --> 

23 </suite> <!-- Suite --> 

Figure 2.19: Testng 15 automated test cases 
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2.8 Automated tests 

We chose directory in "sre/test /java/" and created folder "steps" where we created 

Java classes for automation tests in Figure2.20. 

[8 Package Explorer 23 S, | a 8 

v i? java.cucumber 

(® srefmain/java 

¢ src/main/resources 

v 3B src/test/java 

> 8 pageFactory 

> —8 pages 

> & runner 

v i steps 

> JD) LoginStep_PF.java 

> {3} LoginStep.java 

> DB) Testjava 

5 [B) TestNGParallel java 

> [2B] TestNGParallel10java 

> {3} TestNGParallel11 java 

> [D) TestNGParallel12,java 

> Dt) TestNGParallel13 java 

Figure 2.20: Automation test directory 

In Java class file we have information what class have in Figure2.21. 

w [8] TestNGParallel.java 

w © TestNGParallel 
& driver 

@ testi: vaid 
V—_ 

Figure 2.21: Class information 
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For creating class we make right click in mouse by folder, and choose new, then 

choose class, and we have class page where we configure this class in Figure2.22. 

£6} New Java Class O x 

_| Java Class 

Create a new Java class. 
a ™ 
- a 

C Source folder: | java.cucumber/sre/test/java Browse... 

& Package: | steps | Browse... 
< 

[_] Enclosing type: Browse... 

Name: i| | 

Modifiers: @ public (©package private protected 

LJabstract (final static 

Superclass: | java.lang.Object | _ Browse... 

Interfaces: | Fido 

| Remove 

L 

“| Which method stubs would you like to create? 

. i: public static void main(String|] args) 

[_] Constructors from superclass 

Inherited abstract methods 

| Do you want to add comments? (Configure templates and default value here) 

(_] Generate comments L, 

Figure 2.22: Class page 
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In automation test we used ChromeOptions object for give some arguments 

for Chrome browser. These arguments help us to configure Chrome browser in 

Figure2.23. 

ChromeOptions options = new ChromeOptions () 

options.addArgument ({"start-maximized") ; 

ChromeDriver driver = new ChromeDriver (options); 

Figure 2.23: ChromeOptions object 

ChromeOptions object have many arguments, useful arguments in Figure2.24. 

Below are the list of available and most commonly used arguments for ChromeOptions class 

© start-maximized: Opens Chrome in maximize mode 

e incognito: Opens Chrome in incognito mode 

e headless: Opens Chrome in headless mode 

¢ disable-extensions: Disables existing extensions on Chrome browser 

e disable-popup-blocking: Disables pop-ups displayed on Chrome browser 

e make-default-browser: Makes Chrome default browser 

e version: Prints chrome browser version 

e disable-infobars: Prevents Chrome from displaying the notification ‘Chrome is being controlled by 

automated software 

Figure 2.24: ChromeOptions object arguments 

The ChromeOptions Class is a Selenium WebDriver[11] notion for changing the 

Chrome driver’s different characteristics. For configuring Chrome driver sessions, 

the Chrome options class is usually used in conjunction with Desired Capabilities. 

It allows you to do things like open Chrome in maximized mode, disable existing 

extensions, and disable pop-ups, among other things. 
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Also, we used Remote WebDriver for connection Selenium Hub where we sent 
request for running automation test cases in Figure2.25. 

ChromeOptions chromeOptions = new ChromeOptions(}; 

chromeOptions.setCapability( "browserVersion", "67" ); 

chromeOptions .setCapability("“platformiame", “Windows XP"); 
WebDriver driver = new RemoteWebDriver{new URL( "http: //may.example.com"}, chromeOptions); 
driver. get("http://wmi.google.com”): 

driver. quit(); 

Figure 2.25: Remote WebDriver for Chrome 

For FireFox browser we used Remote WebDriver in Figure2.26. 

FirefoxOptions firefoxOptions = new FirefoxQptions! }; 

WebDriver driver = new RemoteliebDriver/new URL{"http://iaww.example.com”), firefoxOptions); 
driver. get("http: / /wiw. google.com"); 

driver. quitt >. 

Figure 2.26: Remote WebDriver for FireFox 
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We added to pom.xm! file required system properties for Remote WebDriver 

in Figure2.27. 

<dependency> 

<groupId>io.opentelemetry< /groupId> 

<artifactid>opentelemetry-exporter-jaeger< /artifactId> 

<version’1.8.8< /version> 

</dependency> 

<dependency> 

<groupId>io.grpc< /groupid> 

<artifactIid>grpc-netty</artifactId> 

<version>1.35.0</version> 

</dependency> 

Figure 2.27: Remote WebDriver pom required system properties 

For adding required system properties for Remote WebDriver in Figure2.28. 

System. setProperty("“otel.traces.exporter”, “jaeger”); 

System. setProperty("otel.exporter.jaeger.endpoint”, “http: //localhost: 14250"); 

System. setProperty("otel. resource. attributes”, “service. name=selenium-java-client"); 

ImmutableCapabilities capabilities = new ImmutableCapabilities(“browserName", “chrome"); 

WebDriver driver = new RemoteWebDriver(new URL( “http: //www.example.com"), capabilities) ; 

driver. geti"http://umy. google.com"); 

driver. quit(); 

Figure 2.28: Remote WebDriver required system properties 
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We used pattern Page Object for good construction of project and remove 
duplicates in code in Figure2.29. 

[8 Package Explorer 32 S, | e & 

v a> java.cucumber 

( src/main/java 

( src/main/resources 
v 2 srcftest/java 

v £8 pageFactory 

> LB) LoginPage PF,java 
> [J) LogoutPage_ PF.java 

~ £8 pages 

> [2) LoginPagejava 
> [J) LogoutPagejava 

> 2H runner 
> 5 steps 

> #8 src/test/resources 
> JRE System Library [J2S€-1.5] 

> Bi Maven Dependencies 

> i> Sic 

> (> target 

> (& test-output 

pom.xml 
[X) testng.xml 

Figure 2.29: Page Object 
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We used pattern Page Object for page login in Figure2.30. 

package pages; 

+ import org.openga. selenium. By; 

public class LoginPage { 
protected WebDriver driver; 

private By txt_username = By.id("name”); 
private By txt_password = By.id("password”); 
private By txt_login = By.id("login"); 

- public LoginPage(WebDriver driver) { 
this.driver = driver; 

} 

- public void enterUsername(String username) { 
driver. findElement(txt_username) .sendKeys (username) ; 

t 

- public void enterPassword(String password) { 

driver. findElement(txt_password).sendKeys (password) ; 

} 

tes public void clickLogin() { 
driver. findElement(txt_login).click(); 

} 

Figure 2.30: Page Object Login 
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Also , we used pattern Page Object for page logout in Figure2.31. 

Antena -— tt —— — 

. backage pages; 
> 

‘+ import org.openga. selenium. By;(|] 

public class LogoutPage { 
protected WebDriver driver; 

private By btn_logout = By.id(”logout"); 

3 

} 

} 
? 

3 

j 

} 

7 public LogoutPage(WebDriver driver) { 
this.driver = driver; u 

} 
b 

a public void checkLogout() { 
3 driver. findElement(btn_logout) .isDisplayed(); 

} ? 

; 

sy 
} 

? 

Figure 2.31: Page Object Logout 
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We used Cucumber for making keywords which help for better understandin; 
steps of test case, we have Cucumber structure in Figure2.32. 

8 Package Explorer £2 S| 

v a java.cucumber 

(= src/main/java 

( src/main/resources 

w &® src/test/java 

> £8 pageFactory 
> EH pages 

> £8 runner 

> AG steps 

fe srcftest/resources 

vw (> drivers 

[a=] chromedriver.exe 

v icy features 

i, login.feature 

& loginBackground. feature 

JRE Systern Library [J2SE-1.5] 

Maven Dependencies 

(> test-output 

pom.xml 
[x] testng.xml 

Figure 2.32: Cucumber structure 
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Cucumber|6] for making keywords in Figure2.33. 

. b@SmokeFeature 
#Feature: Test login page —

 

# @SmokeTest 

#Scenario: Check login page 
#Given user is on login page 
#Wwhen user enter name and password 
#And click on login button 
#Then check user home page 

‘o
ft
 

i
e
 

re
l 
C
e
 

e
s
 

a
 

o
d
 

#5cenario Outline: Check login page 
#Given user is on login page 
#when user enter <name> and <password> 

#And click on login button 
#Then check user home page 

e
n
 
e
e
 

#Examples: 
#| name | password | 
#| nameOne | 12345 | 
#| nameTwo | 12345 | e

h
 

Figure 2.33: Cucumber keywords 

We used build in keywords like: Feature, Scenario, Given, When, And, Then, 

Examples. Also, we can construct yourself keywords which help to understand 

steps of test case. 
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We used Java System Library in Figure2.34. 

[2 Package Explorer 3¢ gS | ew § = 

v BA JRE System Library [J2SE-1.5] 

> gy java.base - C:.Users’. Temirlan’..p2\peoolpluc 

(au java.compiler - C:\Users\Temirlan\.p2\pool\ 

et java.datatransfer - C:\Users\ Temirlan’..p2\pc 

ae java.desktop - ©:\Users\ Temirlan\.p2\pooli¢ 

(9 java.instrument - C:.Users\ Temirlani.p2\poc 

a java.logging - C:\Users\Temirlan\.p2\peols¢ 

(ys java.management - C:\Users\Temirlan\.p2%¢ 

a3 java.management.rmi - C:\Users\ Temirlan’. 

as java.naming - C:.Users’, Temirlan\.p2\pool\¢ 

as java.net.http - C:.Users\Temirlan\.p2\pool\¢ 

cy java.prefs - C:\Users’ Temirlan\.p2\pool\pluc 

as java.rmi - C:\Users\ Temirlan’.p2\pcolsplugi 

as java.scripting - C:\Users’ Temirlan\.p2\poolt 

ae java.se - C:\Users\ Temirlan’.p2°pocl\ plugin 

a java.security.jgss - C:\Users’ Temirlan.p2\pc 

4a java.security.sasl - C:.Users\ Temirlan’.p2\pc 

Qa java.sql - C:\Users\Temirlan’..p2\pool\plugir 

as java.sql.rowset - C:\Users'. Temirlan\.p2\poc 

as java.transaction.xa - C:\Users\Temirlan\.p2\ 

as javaxml - C\Users\ Temirlan\.pe’peal\plugi 

fa java.xml.crypto - C:\Users’ Temirlan’..p2\poc 

a jdk.accessibility - C:\Users\ Temirlans.p2\pac 

> Quy jdkattach - C:\Users\Temirlan\.p2\pool\plu 

> . jdk.compiler - C:\Users\Temirlan’..p2\pcol'y 

> pig jdk.dynalink - C:\Users\ Temirlan’..p2\pool\p 

> es jdk.httpserver - C:\Users\Temirlan’, .p2\pooh 

> Ga jdk.internaled - C:\Users'\ Temirlan\. p2\poal 

> As jdk.internal jvmstat - C:\ Users Temirlan\.p2' 

> 43 jdk.internal.le - C\Users\Temirlan\ ‘pe\pooh 

> de jdk.internal.opt - C:’.Users’, Temirlan\.p2.poc 

> G9 jdkjartool - C CAUsers ssvTemirlan'.p2:poot yplu 

Sa
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3
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2
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B
y
 
B
y
 
e
y
 
2
2
s
 

P
i
 
i
y
 

P
y
 
B
i
 
B
e
 

w
o
e
 

Figure 2.34: Java System Library 
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Maven Dependencies Library in Figure2.35. 

~ EA Maven Dependencies 

apiguardian-api-1,1.2.jar - C:\ Users’ Ter 

async-http-client-2.12.3.jar - C:\ Users" 

async-http-client-netty-utils-2.12.3 jar 

auto-common-1.0 jar - C:\Usersi Temirl 

auto-service-1.0jar - C:\Users\Temirlan 

auto-service-annotations-1.0jar - C:\U 

bsh-2.0b4 jar - C:\Users\ Temirlans.m2‘1 

byte-buddy-1.11.19,jar - C:\Users\ Temi 

checker-qual-3.12.0,jar - C:\Users\Temi 

commons-exec-1.3,jar - C:\Users\Temi 

create-meta-6.0.1.jar - C:\Users\ Temirlz 

cucumber-core-7.0.0jar - C:\Users\Ten 

cucumber-expressions-13.0,1 jar - C:\U 

cucumber-gherkin-7.0.0,jar - C:\Users\ 

cucumber-gherkin-messages-7.0.0jar - 

cucumber-java-7.0.0,jar - C:\Users\ Terr 

cucumber-junit-7.0.0,jar - C:\Users\ Ten 

cucumber-plugin-7.0.0jar - C:\Users\T 

datatable-7.0.0,jar - C°.Users\ Temirlan\, 

docstring-7.0.0.jar - C:\Users\ Temirlan\ 

error_prone_annotations-2.7.1 jar - C:\t 

failureaccess-1.0.1.jar - C:\Users\ Temirl 

fa guava-31.0.1-jrejar - C:\Users\ Temirlan 

; hamcrest-core-1.3,jar - C:\Users\Temirl 

> ge htmi-formatter-17.0.0,jar - C:\Users\ Ter 

> Qo j2objc-annotations-1.3,jar - C:\Users\Te 
> js jakarta.activation-1.2.2jar - C:\Users\Te 
> Qa jcommander-1.27,jar - C:\Users' Temirl: 
> Aye jsr305-3.0.2,jar - C:\Users\Temirlan\.m2 

a
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y
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p] 

Figure 2.35: Maven Dependencies Library 
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In Selenium we worked with different color in Figure2.36. 

private final Color HEX_COLOUR 

private final Color RGB_COLOUR 

private final Color RGB_COLOUR 

Color.fromString( “#2F7ED8">; 

Color. fromString("rgb(255, 255, 255)"; 

Color.fromString(“rgb(40%, 20%, 46%)"); 

private final Color RGBA_COLOUR = Color.fromString("rgba(255, 255, 255, @.5)"); 

private final Color RGBA_COLOUR = Color.fromString{"rgba(40%, 20%, 40%, @.5)"); 

private final Color HSL_COLOUR = Color.fromString<"hs1(100, 0%, S@X%)"); 

private final Colar HSLA_COLOUR = Color.fromString!"hsls(1@0, 6%, 50%, 6.5)"); 

Figure 2.36: Selenium Color 

In Selenium we made keyboard actions like "Enter" in Figure2.37. 

import org.openga.selenium.By; 

import org.openqa.selenium. Keys; 

import org.openqa.selenium.WebDriver ; 

import org.openqa.selenium. firefox. FirefoxDriver; 

public class HelloSelenium { 

public static void main(String[] args) { 

HebDriver driver = new FirefoxDriver(); 

try { 

// Navigate to Url 

driver.get("https://google.com"); 

// Enter text "g" and perform keyboard action “Enter” 

driver. findElement (By .name("q")).sendKeys("q" + Keys.ENTER); 

} finally { 

driver .quit(); 

} 
} 

} 

Figure 2.37: Selenium keyboard actions 

Also we have action class where we can make different clicks in mouse, drag 

on drop and etc. 
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In driver object we have method find element by id, class, path, name and 
etc. in Figure2.38. This is help us for communication with browser elements. 

public class find&lementsFromE€lement | 

public static void rain:Strins!* args: ¢ 

WebDriver driver = new ChromeDriver(/); 

try < 

driver.get("https://example.com"); 

// Get element with teg name '‘div' 

WiebElement element = driver. findElement (By .tagName("div"}); 

// Get all the elements available with tag name ‘p* 

List<ebElement> elements = element.findélements (Sy.tegName("p")\; 

for iviebElerent e : elements’ { 

System.out.printin(e.getText()); 
s 

+ finally < 

driver. quit(}; 

Figure 2.38: Driver find element 

We had deselect option in Selenium in Figure2.39. 

// Deselect an <option> based upon the <select> element's 

selectObject.deselectByIndex(1); 

// Deselect an <option> based upon its value attribute 

selectObject.deselectByValue( "valuel”); 

// Deselect an <option> based upon its text 

selectObject.deselectByVisibleText ("Bread"); 

// Deselect all selected <option> elements 

selectObject.deselectAll(?; 

Figure 2.39: Deselect 
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For all locators|9] you can see in Figure2.40. 

Locator Description 

class name Locates elements whose class name contains the search value (compot 

css selector Locates elements matching a CSS selector 

id Locates elements whose ID attribute matches the search value 

name Locates elements whase NAME attribute matches the search value 

link text Lacates anchor elements whose visibie text matches the search value 

partial link Locates anchor elements whose visible text contains the search value. | 
text selected. 

tag name Locates elements whose tag name matches the search vaiue 

xpath Locates elements matching an XPath expression 

Figure 2.40: Locators 

Useful locators are xpath, css selector and id. 
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Example for stable automated test case in Java with Selenium framework in 

Figure2.41. 

public class FirestScriptTest 

pudlic tiesDriver driver; 

public void eightCorpanents. : 

driver = new CheroereDriver’:; 

tu driver.get: “https://gcogle.com”:; 

Stricg title = driver.getTitie.:; 

Assertions assertEquals: "Google". title:: 

driver manage: ;.tireouts >. .imelicitly.ait {Duration .ofMillis (5e@@):; 

WebElement searchBox = driver. ficdElement: By .name’"q™*:; 

WesElement searchButton = driver. findElement: By name. “btnk" 15; 

searchBox.sendkeys. “Selenium”: , 

searchButton. click’ |: 

searchBox = driver. findElement (5y.name."g")); 

string value = searchBox.getAttribute:"value"); 

Assertions.assertEquals: "Selenium", value; 

driver .quit’ i; 

Figure 2.41: Automated test case 
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In new version of Selenium we had changes in set capability, this is changed 

to options. If we want to configured browser, we will use options for browsers in 

Figure2.42. 

Before 

lava laveScript LSrarp Fuby Pothay 

silities.firefox! ;: 8 -
 

pe
te
 

Dessredcopes ih eeass caps = DesiredCapa 

Caps.setCapat 

lity:*version” » "Oa; 

caps.setCapability( “build”, myTestBuild:; 

caps.setCapabilityi “name”, myTestName. ; 

webDriver driver = nex RemotellesDriver. new URL(cloudUrl’, caps); 

After 

iava IAVaSIBT Conary Ruby Bethan 

FirefoxOstions browserOptions = new FirefoxOptions(?: 

browserOptions. setPlat formiame ("tindows 18"); 

browserOptions. setBrawserVersion "92" ' 

Map-String, Object: cloudOptions = new Hashlap:>i 33 

cloudOptions. out; "build", myTestBuild’ ; 

cloudOptions.suti "name". myTestName. ; 

browserOptions.setCapability: “cloud:options”, cloudOptions:; 

webDriver driver = new RemotelebDriver: new URL: ‘cloudUrl:, browserOptions) ; 

Figure 2.42: Selenium options 
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For waiting we used wait object for waiting some operations in Figure2.43. 

// Waiting 36 seconds for an element to be present on the page, checking 

// for its presence once every 5 seconds. 

Wait<WebDriver> wait = new Fiventiiait<tieoDriver> (driver } 

LwithTimeout /Duration.ofSeconds (36) ° 

.pollingEvery/ Duration. otSeconds: 5° : 

ignoring (NoSuchElementException.class:; 

webElement foo = wait.until(new Function<webDriver, WebElement>{s ¢ 
c 

public HWedElement apply(webDriver driver) + 

return driver. findElement (By.i¢!"foo")); 

Figure 2.43: Wait 

Waiting[12] time help us to make stable test cases because website can load a 

long time. We have two types of waiting. First type when we wait exactly time 

and second type when we wait when element loaded. 
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We also need to construct a Java[14] class where we can write and run au- 
tomated tests. The Selenium grid hub will be used for these tests. We use the 

remote web driver to connect to a remote server. The Selenium grid hub deployed 

these automation tests by free browser nodes once we sent commands requests to 

the hub node. We can select the browser to use in automation tests, as well as 

provide additional browser arguments using chrome options. We must first con- 

struct a chrome options object, from which we can use all of its methods. Then 

we use the Selenium grid URL and browser parameters with the Remote Web 

Driver. We can integrate and make something with the browser for testing[7] in 

Figure2.44. 

package steps; 

import java.net .MalformedURLException; 

Run All 
public class TestNGParaliel { 

RemotewWebDriver driver; 

@Test 

Run ; Debug 

public void test1() throws MalformedURLException { 
System.out.printin("Test 1°); 

ChromeOptions chromeOptions = new ChromeOptions(); 
chromeOptions..addArguments(”--disable-dev-shm-usage"); 
driver = new RemoteNebDriver(new URL("http://192.168.56.1:4444/wd/hub"), chromeOptions 
driver .get(“https://google.com"); 
driver .manage().window().maximize(); 
System.out.printin("Chrome"); 
System.out.println(driver.getTitle()); 

driver .close(); 

driver .quit(); 

Figure 2.44: Automation test in Java 
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2.9 Jenkins 

First. of all, we downloaded jenkins.war file, then we run this file from command 

line in Figure2.45. 

CAWindows\System32\cmd.exe 

Grim PAU las 

Figure 2.45: Jenkins start 

When all of the automation tests are complete, Jenkins is used to execute 

the tests remotely from the server.[8] We configure the integration by adding the 

project directory and the maven command mvn clean test. Figure2.46 shows how 

we perform automation tests in Jenkins in a distributed manner. Jenkins may 

be configured to work both locally and globally. We proceed to the local URL 

"http: //localhost:8080" to start Jenkins local server. 

Qasbbgard = * Jenking * 21 

& teite trot 

Status 
©) Console Output 

F Ounges eerieg os STE 
Bol ising [* eocespare eateries feeds: ecraipete “ess 

$ cere cat ery Teather agadat a’ (ocey Temp itemeica 27 ON 
GR Comoto dutgur 

Veew an piste: test 

“7 (eb? Gade ttormatees taeda! dcarcang ¢ 

© delete bald a7 

Figure 2.46: Jenkins local server



Jenkins started work and server upped on localhost with port 8080 in Fig- 
ure2.47. 

Figure 2.47: Jenkins run 
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For running project from Jenkins we configured Jenkins, we wrote path o project and with help maven we run project in Figure2.48. 

Build Triggers | Build Environment 
General Source Code Management 

Ls AUuU UIEIES Lan ips WV the Kurisuie Wutpur 

{7 Inspect build log for published Gradle build scans 
C With Ant ? 

Build 

Execute Windows batch command 
? 

Command 

cd C:\Users \Temirlan\eclipse-workspace\ java. cucumber myn clean test 

See the list of available environment variables 

| Add build step ~ 

Figure 2.48: Jenkins path for running project 

47



2.10 Architecture 

We have architecture view of test automation with distributed system environ- 

ment in Figure2.49. 

Apache 

©) Jenkins» Viaven x 

Se = Lm g -@w g fs MM NT ON 

es = a = wy eclipse 
Node © Node 

Figure 2.49: Architecture view 
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3. RESULTS AND DISCUS- 

SION 

3.1 Quantity of containerized machines 

We have laptop with 4 gigabyte(GB) of random access memory(RAM) and 1 
terabyte of read-only memory(ROM), for these characteristics we can run 3 con- 
tainerized machines. If we run 4 or 5 machines, laptop will work slower than when 

we have 3 machines in Figure3.1 and in Figure3.2. 

Npoyeccop Intel(R) Core(TM) i5-5200U CPU @ 2.20GHz 

2.20 GHz 

OnepaTuBHan NaMATb 4,00 TB 

Figure 3.1: RAM 4GB 

Figure 3.2: Remote machines 3 
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For laptop with 8 GB of RAM and 1 TB of ROM we can run 7 containerized 
machines and laptop did not work slow in Figure3.3 and in F igure3.4. 

Procetsor Intel{R} Core(TM)} 17-2600 CPU © 2.40GH: 3.40 GHz 

Installed memory (RAM): 8.0068 

Figure 3.3: RAM 8GB 

emirilan> 

nium/node- cl 

=anium/node 

q
o
 

in
 

j
t
 

Figure 3.4: Remote machines 7 
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For laptop with 12 GB of RAM and 1 TB of ROM we can run 13 containerized 

machines and laptop did not work slow in Figure3.5 and in Figure3.6. 

Processor: Intel(R) Core(TM) i7-3610QM CPU @ 2.30GHz 

Figure 3.6: Remote machines 13 
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3.3 Series and distributed mode 

We used distributed technologies to automate development testing, allowing us 

to run tests in parallel across numerous Machines and browsers. We had a main 

hub node that controlled other nodes when we used Selenium grid. Selenium 

grid hub will move to another working node if one or more nodes fail. This 

method provided us with a separate automation testing environment as well as 

a distribution region. In series and distributed mode, we compared running time 

automation tests. We discovered that distributed or parallel mode is faster than 

sequential or series mode. When we execute automated tests with distributed 

systems, as shown in Figure3.8, we can save a lot of time. 

Sequential Testing 
as Machine A 

i Test 2 Eo Test 3 fa Pe test 4 fo ij 

Time to sili 

Parallel Testing 

| Test Machine A Test Machine 8 Test Machine C 

bd > 

Time to Complete 

Figure 3.8: Series and distributed mode 

50 automation tests were created. One running test took roughly 3 minutes. 

We imultiplied 50 tests by 3 minutes for series mode, and the total duration was 

150 minutes. We have three distant containerized Docker machines in distributed 

mode, and we divided 150 minutes by three machines to get a total time of 50 

minutes for all automation tests see Table 3.3. Results of time execution located 

in Appendix B. 
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In the result we can say that when we increase RAM also quantity of machines 

increase with error 1. 

Quantity of machines with quantity of RAM see Table 3.1. 

Quantity of machines and RAM 

N | Nof RAM | N of machines 
Series 4 3 

Distributed 8 7 

Distributed 12 13 

We have chart dependencies of RAM and machines in Figure3.7. 

WN
 
of
 
m
a
c
h
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ut
 

(o
 ]

 

£ & 

N of RAM 

Figure 3.7: Dependencies of RAM and machines 

3.2 Time of work 

th distributed system environment we spent about 

For upping test automation wi 

about this topic, configured applica- 

two-three weeks. We searched information 

n of documentations, made integration between applications. 

tions, read new versio 
t about 6 days. Code written in Java 

For writing automation test code we spen 

programming language. 

For testing results we spent about 3 days. 
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Automation tests 

Mode N of | Time N of || N of | Browser | OS 

Tests RAM] ma- 

chines 

Series 5 11.5min 4 1 Chrome | Linux 

Distributed ) 4.24min 4 3 Chrome | Linux 

Series 5 12.25min 4 {1 Firefox Linux 

Distributed 5 5.14min 4 3 Firefox Linux 

Series 5 11.76min 4 1 Chrome | Windows 

Distributed 5 4.64min 4 3 Chrome | Windows 

Series 5 12.46min 4 1 Firefox | Windows 

Distributed 5 5.44min 4 3 Firefox | Windows 

Series 10 21.5min 4 1 Chrome | Linux 

Distributed 10 8.24min 4  W13 Chrome _ | Linux 

Series 10 22.25min 4 1 Firefox | Linux 

Distributed 10 10.14min 4 3 Firefox | Linux 

Series 10 21.76min 4 | 1 Chrome | Windows 

Distributed 10 8.64min 4 3 Chrome | Windows 

Series 10 22.46min 4 1 Firefox | Windows 

Distributed 10 10.44min 4 3 Firefox | Windows 

Series 20 41.5min 4 1 Chrome | Linux 

Distributed 20 16.24min 4 3 Chrome | Linux 

Series 20 =| 48.25min 4 1 Firefox | Linux 

Distributed | 20 20.14min 4 3 Firefox | Linux 

Series 20 =| 44.76min 4 1 Chrome | Windows 

Distributed 20 16.64min 4 3 Chrome | Windows 

Series 20 48.46min 4 1 Firefox | Windows 

Distributed 20 20.44min 4 3 Firefox | Windows 

Series 50 =|: 91.5min 4 1 Chrome | Linux 

Distributed 50 27.24min 4 3 Chrome | Linux 

Series 50 =| 90.25min 4 1 Firefox | Linux 

Distributed 50 | 41.14min 4 3 Firefox Linux 

Series 50 | 89.76min 4 1 Chrome Windows 

Distributed 50 | 33.64min 4 43 | Chrome Windows 

Series 50 98. 46min 4 1 Piretox Windows 

Distributed 50 |42.44min 544 | 3 Firefox | Windows 



Automation tests 

Mode N of | Time N of || N of | Browser | OS 

Tests RAMI ma- 

chines 

Series 3) 11.5min 8 1 Chrome | Linux 

Distributed 5 2.04min 8 7 Chrome | Linux 

Series 5 12.25min 8 1 Firefox Linux 

Distributed 5 2.14min 8 7 Firefox Linux 

Series 5 11.76min 8 1 Chrome {| Windows 

Distributed 5 2.54min 8 7 Chrome | Windows 

Series 5 12.46min 8 1 Firefox | Windows 

Distributed 3) 2.44min 8 7 Firefox | Windows 

Series 10 21.5min 8 1 Chrome | Linux 

Distributed 10 4,24min 8 7 Chrome | Linux 

Series 10 22.20m1in 8 1 Firefox Linux 

Distributed 10 | 5.14min 8 7 Firefox | Linux 

Series 10 | 21.76min 8 | 1 Chrome | Windows 

Distributed 10 4.64min 8 7 Chrome | Windows 

Series 10 22.46min 8 1 Firefox | Windows 

Distributed 10 5.44min 8 7 Firefox | Windows 

Series 5 11.5min 12 1 Chrome Linux 

Distributed 5 1.04min 12 13 | Chrome | Linux 

Series 5 12.25min 12 1 Firefox | Linux 

Distributed 5 1.14min 12 | 13 | Firefox | Linux 

Series 5 11.76min 12 1 Chrome | Windows 

Distributed 5 1.54min 12 13 Chrome | Windows 

Series 5 12.46min 12 1 Firefox | Windows 

Distributed 9 1.44:min 12 13 | Firefox | Windows 
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Figure3.9 illustrate dependencies of time and other factors of tests: mode, 

number of test, number of RAM, number of inachines, browser and OS. Also, we 

wrote code in Python[18] in Figure3.10 showed raw data.[17] 

import matplotlib.pyplot as plt 

import seaborn as sns 

sns.set_thneme() 

sns.relplot(data=dfl, x='n_of_machines', y='time', 

hue='mode',size='n_of RAM’, 

style='browser’) 

plt.show() 

15 #£«x@ 

424 8) 

12225 x 

5.14 Bd 

176 68 mode 

464 ° @ Senes 
12 46 % » Ustrbuted 

o@ 544 & n_of_ RAM 

E 20s ® ® 4 
a e 8 

os ° e 12 

browser 

244 ¥ @ chrome 

104 ° a = firefox 

114 . 
154 a 

144 . 

n_of_machines 

Figure 3.9: Dependencies of time and other factors of tests 
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[<j]: import pandas as pd 

raw_data_1l = { 

‘mode’: ['Series', ‘Oistrioutec', ‘Series’, ‘Distributed’, ‘Series’, ‘Distributed’, Series’, "Distr 

‘nlof_test’: ('5', “S5', '5*, “S°,'S*’, “S's 5°, 'S5', 5%, 157, 5%, 55'S 15", 5°, S55", 5S", 

‘time’: C°22.5°, °4.26*, $12.25", °5.14°,°11.76', °4.64', '12.46°, °5.44','11.5', *2.86', '12.25', 

‘mot RAM’: ['4', “4°, 6°, StS “S''B', OB, OS, BTL BT, (BT, "BS, 685,112", 112 

‘nof_machires': [71', (34, ‘1, 3, MP SM TZ P,P TE Ty, 
‘orowser’: ['chrome', ‘cnrome’, ‘firefox’, ‘firefox', ‘chrome’, ‘chrome’, ‘firefox’, ‘firefox’, chr 

‘ost: ['linux’, ‘linux', ‘Linux’, “iimux'’, ‘windows’, 'wingows', windows’, ‘windows', ‘linux’, ‘linux’ 

+ 

yee 

4 
tet gs 

1 
c 

w 
to 

.
 

.
 L . 0 

d#1 = pd.DataFrame{raw_data_1) 

afl 

4 

{4}: mode n_of_test time n_of_RAM n_of_machines browser os 

0 Seres 5 11.5 4 1 chrome AUX 

1 Dstrbsted 5 3.24 4 3 chrore ipux 

2 Seres § 12.235 4 1 firefox ux 

3 Oistrdsteo 5 5.16 4 3s firefox deux 

4 Ser es 5 1176 4 1 chrore wreows 

5 Distrbuted 5 4.64 4 3 chrorre windows 

6 Ser es 5 1246 4 1 firefox windows 

7 Ssv.ocec 5 5.48 4 3) ofirefox wirdows 

8 Ser es 5 115 é + crrome 7X 

9 Distrbstec 5 204 8 7 crrome ux 

Figure 3.10: Raw Data 

For browser we found that Firefox slower than Chrome, the average time of 

slower = (sum of all one type mode and first browser) /(sum of all one type mode 

and second browser) = 1.18. 

For operating systems we found that Linux faster than Windows, the average 

time of faster = (sum of all one type mode and first type OS)/(sum of all one 

type mode and second type OS) = 0.97. 

We increased RAM and number of machines these affect time to decrease 

about two times for 8 RAM and four times for 12 RAM. 

We created formulas for finding time: 
; 

For Linux OS, 8 RAM and Firefox prowser(timne) = ((N of test)*1.18 0.97) /2 

For Linux OS, 12 RAM and Firefox browser(time) = ((N of test) *1.18*0.97) /4 

For Linux OS, 4 RAM and Firefox browser(time) = ((N of test) *1.18*0.97) 
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We expected this result that development test automation with distributed 
systems more effective than series mode running. We saved our time for running 
all automation tests. We can also use numerous workstations to review and run 
tests in different browsers at the same time. 

Previous similar research articles have shown alternative frameworks or how 
to run in series mode, but we focused on and grasped how to construct automated 
tests with distributed systems in our study. 

We may claim that this distributed approach will be relevant in the future 
because as the number of automation tests grows, so will the timing. To reduce the 
timing of running automation tests, we should use distributed mode for running 
on several machines. 
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4. Conclusion 

4.1 Distributed mode 

We created automation tests using distributed systems, which aids automation 

test. developers in creating a successful test automation environment. This is 

preferable than implementing all test cases on a single machine, as there may be 

restrictions at some point, and one single machine may not be adequate to run 

all test cases. All automation tests are conducted on various remote workstations 

and in various browsers such as Chrome and Firefox. We reduced the time it took 

to run automation tests and evaluated them in several browsers. 

4.2 Integrated applications 

In methods section we design automation test with distributed systems integrated 

with Jenkins CI/CD, Docker containers, Docker images, Selenium grid, Eclipse 

IDE, Maven, test runner TestNG and browsers. 

4.3 Dependency 

Also, we made analysis of dependency RAM and quantity of containerized ma- 

chines. If increased our RAM, we will run more containerized machines in laptop 

red our research question, we found which factors affect 

Time and other factors of 

browser and 

or computer. We answe 

on execution time in distributed automated test area. 

tests: mode, number of test, number of RAM, number of machines, 

OS. 
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4.4 Automated test cases 

We understood how we can write automated code for test cases with using Se- 

lenium framework and how to find elements in browser by locators like xpath, 

css selectors, id, name, tag name and etc. Also, how we can use test runner like 

TestNG and how configure it. We learned about maven project builder, how this 

project builder help in integration with Jenkins. We learned how configured Jenk- 

ins and integrate with local project. We integrated Selenium grid with Docker 

containers. We configured hub and browser node images in Docker. We made 

local ip with port for all containerized machines in test environment. 

We wrote many automated test cases for showing how we can develop test 

automation with distributed systems. We run different quantity of automated 

test cases in test environment. We compared time of running in distributed mode 

and series mode. 

4.5 Future work 

In future work if we have a lot of automation tests, we can use Kubernetes for 

managing containerized applications at scale because we had Docker containers 

which containerized Selenium grid hub and browser nodes. 

Also, we can make analysis of performance test. This strategy help us in 

understanding how many quantity of automated test cases we can run in one 

containerized machine. 
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A. Appendix A 

A.1 Integration 

Selenium grid integration in FigureB.10. 

Figure A.1: Integration 
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B. Appendix B 

B.1 Time execution automated test 

Test results 
1 suite, 5 test 

Number Method Class Time (m) 

§ test2 steps. TestNGParallel 12.25 Info 
« C: Users Temurlas AppDatz Local Temp testus-eclipse. 

535195835 wesme-costomemte mal 
T test 

Ignored methods 
Chronological view 

Results 

w Failed methods (show) 
@ Passed methods (show) J 

Figure B.1: Time execution automated test 

est resuits 

1 suite, 5 test 

ae 
i 
ths 
i 
FALE 

[ Default suite Number Method Class Time (m) 

5 test2 steps. TestNGParallel 11.76 

w C: Users Temirian AppData Local Temp testng-echpse- 
353195898 tesme-customsuite aml 

I test 

Ignored methods 
Chronclonsal view 

Results 
¥ 

@ Failed methods (show) 
ee ee ee oe 

Figure B.2: Time execution automated test 
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Test results 
I suite, 5 test 

4} Suites 4 dat Siete ee a NE SEE ae ape A il = or ‘Fault s A f a ioe! ese ry és co ees pamoetaunbencenet er team alee: ote angiah. / 

Number Method Class Time (m) 

5 test steps. TestNGParallel 4.24 

5 test steps TestNGParallel 4.24 

5 test steps. TestNGParallel 4.24 

Info 
@ C: Users Temitlan AppData Local Temp testng-echpse- 

353195899 testne-customsuite aml 
! test 
0 groups 

Reporter cutput 

Ignored methods 
Chroncloncal new 

Results 
id 

w Failed methods (show) 

@ Passed methods (show) J 

Figure B.3: Time execution automated test 

Test results 
1 suite, 5 test 

| Default suite 
Info 

@ C: Users Tenurlen AppData Local Temp testng-eclpse- 
353195899 tesng-customsuite snl 
T test 

a zcup: 

yee 

Total running time: 4 minutes 
Number Method Class Time (m) 

5 test2 steps TestNGParallel 115 

Reporter output 
Ignored methods 
Chronclogical view 

Results 
e 

w Failed methods (show) 
@ Passed methods (shor) J 

Figure B.4: Time execution automated test 

pall. eee ie 

Number Method Class Time (m) 

40 test steps. TestNGParalle! 8.24 

10 test steps TestNGParallel 8.24 

10 test steps. TestNGParallel 8.24 
Info 

@ C: Users Temulan AppDate Local Temp testng-eclipse- 

353195998 testne-customsmte xml 
ites 

Oereups 

Reporter output 
lenored methods 
Chronological view @

e
¢
e
e
e
e
e
s
 

Results 
e 

w Failed methods (show 

@ Passed methods (show) 

Figure B.5: Time execution automated test 
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€ Default suite 
Info 

C: Users Temirlan AppData Local Temp testng-eclimse- s 

353195898 tesng-customsuite xml 
I test 

0 grou 

Repomer cutps: 

Ignored methods 
Chronological sew 

Results 

we Fatled methods (show) 
@ Passed methods (show) NK 

Test results 
1 suite, 10 test 

Time (m) 

21.5 

Number Method 

10 ~—test 

Class 

steps TestNGParallel 

Figure B.6: Time execution automated test 

( Default suite 
Info 

oe C: Users Termrlan AppData Local Temp testng-eclipse- 
353195998 tesmmg-customsuite xml 

@
#
e
e
c
e
t
e
e
e
 

Chronolomcel view 

Results 
e 

e Failed methods (show) 
w Passed methods (show) 

Time (m} 
415 

Class 

steps. TestNGParallel 

Number Method 

20 test 

Figure B.7: Time execution automated test 
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Test results 
1 suite, 50 test 

ERROR TT 

[ Default suite ) Number Method Class Time (m) 

50 test steps TestNGParallel $15 Info 
@ C: Users Tenurlan AppData Local Temp tesmmg-echipse- 

3§3195898 restng.customsuite xml : 

Results 
w 

e Faled methods (show) 
w Passed methods (show) 

Figure B.8: Time execution automated test 

p ia 

> ~ = 

| Default suite Number Method Class Time (m) 

inf 5 test steps TestNGParallel 2.04 

nio 

w C: Users Temirlan AppData Local Temp testnz-eclipse- 5 test steps. TestNGParallel 2.04 

353195998 testng-customsuite xml 5 test steps. TestNGParallel 2.04 

e ltest 5 test steps. TestNGParallel 2.04 

Mitel 5 test steps. TestNGParallel 2.04 

we Reporter ostpal 5 test steps.TestNGParallel 2.04 

@ Ignored methods 5 test steps TestNGParallei 2.04 

@ Chronclogcal sie q 

Results 

w Farled methods (show) 

@ Passed methods (show) =, 

Figure B.9: Time execution automated test 
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Test results 
1 suite 

§ Default suite Number Method Class Time (m) 
5 test steps. TestNGParallel 1.04 

Info 
we C: Users Temurlan AppData Loca] Temp testng-eciipse- 5 test steps. TestNGParallel 104 

353195898 testng-customeute.xml 5 test steps. TestNGParallel 1.04 
@ [tes 5 test steps TestNGParallel 1.04 

: B ee 5 test steps. TestNGParallel 1.04 
w Reporter cutps 5 test steps. TestNGParallel 1.04 
we Ignored methods 5 test steps TestNGParallel 1.04 
w Chronological nen 5 test steps TestNGParallel 1.04 

Results § test steps. TestNGParallet 1.04 

* 5 test steps. TestNGParallel 104 

e Failed methods (show) 5 test steps TestNGParallel 1.04 
o- Passed methods (show) J 5 test steps TestNGParallel 104 

5 test steps TestNGParallel 1.04 

Figure B.10: Time execution automated test 
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