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cryneHTui  [22m-23-2 Muxaiinenko Mapii Onexcanopignu

(rpyma) (mpizBHIIA Ta iHIIiAN)
Tema kBaJsiikauniiinoi podoTu Jocnioscenns kpoc-opayzepuux

HecymicHOcmell y 6eD0PIEHMOBAHUX 3ACMOCYHKAX 13 3ACMOCYBAHHIM

Memooie asmomamu308aH020 6‘i3yaJZbH020 mecmy6aHHA

1 HIACTABU IJisd TIPOBEJAEHHSA POBOTU
Haxka3 pextopa HTY «/lninpoBcbka nmomitexikay Bix 17.10.2024 p. Ne 1388-c
2 META TA BUXIJHI JAHI UIA TIPOBEJAEHHSA POBIT

O0’eKT 10CaiKeHb — 1€ TPOLIEC BUSBICHHS Bi3yallbHUX IMPOSBIB KpOC-Opay3epHuX
HECYMICHOCTEH, 1110 BIUIMBAIOTh HA KOPEKTHE BiJ0OpakeHHs 1 PyHKIIIOHYBaHHS 3aCTOCYHKIB
13 ypaxyBaHHSM BIIMIHHOCTEH Mixk Opay3epaMu.

IIpeamer pociailskeHb — METOAM AaBTOMAaTH30BAaHOTO Bi3yallbHOTO TECTYBaHHS
BUSIBIIEHHSI KpOC-Opay3epHHUX HECYMICHOCTEH Yy B€OOPIEHTOBAHUX 3aCTOCYHKAX.

Mera HJAP - mniaBumieHHs e(QeKTUBHOCTI MPOIECIB PO3POOKH Ta TECTyBaHHS
BEOOPIEHTOBAHOTO MPOrpaMHOrO 3a0e3MedyeHHs, 3a PaxXyHOK BUKOPHUCTaHHS METO/IB
aBTOMAaTH30BaHOTO BI3yaJIbHOIO TECTYBaHHSA Yy 3ajladyaX BHUABICHHS Kpoc-Opay3epHuX
HECYMICHOCTEH JJIsl CIIPOLIEHHS TOJAIBIIOr0 MOIIYKY CIIOCO01B IX YHUKHEHHS.

Buxinui nani 15 npoBeneHHsI po00TH — BeOOPIEHTOBAaHUN 3aCTOCYHOK Ta JaHi
OTpUMAaH1 BIJl aHaIi3y TEOPETUYHUX, AHATITUYHHUX, EKCHEPUMEHTAIBHUX JOCIIIKEHb 3
o01acTi aBTOMAaTU30BAaHOI'O BI3yaJlbHOTO BEOTECTYBaHHS 3 BUSIBICHHSAM KpOC-Opay3epHHUX
HECYMICHOCTEH.



3 OYIKYBAHI HAYKOBI PE3YJIbTATHU

HoBu3na 3anponoHoBaHux pimeHb. OTpUMaB MOJAIBIINNA PO3BUTOK HAMPSIMOK
pO3pOOKH  aJIrOpPUTMIB aBTOMATH30BAHOTO BI3yaJIbHOTO TECTYBAaHHS, IO JO3BOJISIE
HIABUIIMTH €(PEKTUBHICTh ayIUTYy BI3yaJbHUX MPOSBIB KPOC-Opay3epHUX HECYMICHOCTEN Ha
0a3i  3ampoNOHOBAHOI MoOjJeNi KOMOIHAIi CTPYKTYpHOTO aHali3y 3 METOJaMH
KOMIT FOTEPHOTO 30pYy: PO3paxyHKy aOCOJIOTHOI pIi3HUI Yy TIOEIHAHHI 3 1HIACKCOM
CTPYKTYpPHOI IO/11I0HOCTI.

IIpakTMYHa WiHHiCTH pe3yJbTaTIiB MOJSTae y 30UIbLIEHH] MPOJYKTUBHOCTI Mpari
PO3pPOOHUKIB 332 PAaXyHOK BHUKOPUCTAaHHS aBTOMATH30BAHMX METOIB  Bi3yaJbHOIO
TECTyBaHHs, IO CHpPHSIE CKOPOYCHHIO TEPMIHIB pO3pOOKH Be03aCTOCYHKIB Ta iX
€(heKTUBHOCTI.

4 BUMOI'M 10 PE3YJIBTATIB BUKOHAHHA POBOTHU

PesynbpTaTi mociikeHb MarOTh OyTH MPUAATHUMH 10 TMPAKTHYHOTO BUKOPUCTAHHS
daxiBieM y TMOTEHIINHINA 00JacTi 3acTOCYBaHHS, 3MICTOBHUMHU, MAaTH Yy3arajlbHIOIOUl
BUCHOBKM Ta BUKOHYBaTH TIIOCTaBJIieHy METy BHUPIIICHHS 3a1adi  epEKTUBHOIO
ABTOMATH30BAaHOTO BUSBIEHHS KpOC-Opay3epHUX HECYMICHOCTEH Yy BeOOPIEHTOBAHHUX
3aCTOCYHKAaXx 3a JOIOMOTOI0 METO/IB Bi3yaJIbHOTO TECTYBaHHS.

S ETAIIM BUKOHAHHA POBIT

Crpoxku
HaiimenyBaHHs eTamiB po0it BUKOHAHHS POOiT
(MO4YaToOK — KiHellb)
AHaJii3 TeMHU Ta ITOCTaHOBKA 3a7a4l 09.09.24-09.10.24
Po3po6ka Be6Op1€eHTOBAHOTO 3aCTOCYHKY 10.10.24-24.10.24
Po3pobOka ppeiMBOPKY Bi3yaJIbHOT'O TECTYBaHHS 25.10.24-25.11.24
[TpoBeeHHs JOCTIDKCHHS Ta aHaII3 Pe3yJbTaTiB 26.11.24-12.12.24
3aB/aHHs BUIAB oouy. Cnipinyes B.B.
(Trimmmc) (Tipi3BHIIE, HITHATH)
3aBIaHHs MPUUHSTIA O BUKOHAHHS Muxaiinenxo M.O.
(Trimmc) (Tipi3BHIIE, THITHATH)

Hata Bunaui 3apaanss: 09.09.2024 p.

Tepmin noganns kBamidikamiiaoi podotu mo EK _ 16.12.24 p.



PE®EPAT

[TosicuroBasibHa 3amucka: 127 c., 31 puc., 15 tabmn., 4 nox., 49 mxepen.

OO0’eKT JOCHII:KEHHS: TPOIEC BUSBJICHHS BI3yaJIbHUX TMPOSBIB KpOC-
Opay3epHHMX HECYMICHOCTEH, IO BIUIMBAIOTh HAa KOPEKTHE BITOOpaKCHHS 1
(GyHKII10HYBaHHS 3aCTOCYHKIB 13 ypaxyBaHHSIM BIIMIHHOCTEH MIXK Opay3epaMu.

IIpeamer qocigkeHHs: METOIM ABTOMATU30BAHOTO Bi3yaJIbHOT'O TECTYBaHHS
BUSIBJICHHS KPOC-Opay3epHUX HECYMICHOCTEH y B€OOPIEHTOBAHUX 3aCTOCYHKAX.

Meta poboTu: nigBUIlIeHHS €()EKTUBHOCTI MPOIIECIB pO3POOKHU Ta TECTYyBaHHS
BeOOPIEHTOBAHOTO MPOTPAMHOTO 3a0€3MEUCHHS, 32 PaXyHOK BUKOPHUCTAHHS METOJIIB
aBTOMATHU30BAHOTO BI3yaJIbHOTO TECTYBAaHHS y 3a/ladaxX BUSBIICHHs KpOC-Opay3epHUX
HECYMICHOCTEH JIJIsl CIPOLIEHHS MOJAATBIIOr0 MOLIYKY CIOCO01IB iX YHUKHEHHS.

Metoam gocaigkenns. /{15 noctaBiaeHux 3a71a4 BUSBICHHS Bi3yalbHUX KPOC-
Opay3epHUX HECYMICHOCTEH y BeOOPIEHTOBAHOMY 3aCTOCYHKY BUKOPHCTOBYHOTHCS
ABTOMATH30BaHI METOJM CTPYKTYPHOTO Ta BI3yaJIbHOTO aHali3y, 110 0a3yloThCs Ha
KOMOIHAaIlIi MAXOMIB PO3PaxyHKy aOCOIIOTHOI PI3HHUIN Ta 1HAEKCOM CTPYKTYPHOI
OJ11IOHOCTI.

HoBu3na pimenb. OTprMaB TOMANBIINN PO3BUTOK HAMPSIMOK PO3POOKU
QITOPUTMIB aBTOMATHU30BAHOTO BI3yallbHOTO TECTYBAaHHS, IO JO3BOJISE IMiIBUIIUTH
e(eKTUBHICTh ayJIUTy Bi3yaJIbHUX MPOSBIB KPOC-Opay3epHUX HECYMICHOCTEH Ha 0a3i
3aMponoOHOBaHOI  Mojenai  KOMOIHaIii CTPYKTYpHOTO aHaiizy 3 METOJaMH
KOMIT FOTEPHOTO 30py: PO3paxyHKy aOCOJIIOTHOT PI3HMIN y TMOEAHAHHI 3 1HJIEKCOM
CTPYKTYPHOI MOJ10HOCTI.

I[IpakTH4HA HiHHICTH pe3yJbTATIB MOJArae y 30UIbIIEHH] TPOTYKTUBHOCTI
mpaii po3poOHMKIB 32 pPaxyHOK BHKOPUCTAHHS aBTOMATH30BaHMX METO/IIB
BI3yaJbHOTO  TECTYBaHHs, 1[0 CIpPHUSE CKOPOYEHHIO TEPMIHIB  PO3POOKU
Be03aCTOCYHKIB Ta iX €()eKTUBHOCTI.

Obu1acThb 3acTocyBanHs. Po3poOienuit ppeliMBOpK Bi3yaabHOTO TECTYBaHHS
JUTsI BUSIBJIICHHSI KPOC-Opay3epHUX HECYMICHOCTEH MOXe OyTH BUKOPUCTaHUH y chepax
PO3pOOKH Ta TeCTyBaHHS BEOOPIEHTOBAHUX 3aCTOCYHKIB, 1 MIMPOKO 3aCTOCOBAHMM Ha
MITPUEMCTBAX 3 PO3POOKHU TIPOTPAMHOTO 3a0€3MeUeHHS.

3HayeHHs1 PoOOTHM Ta BHCHOBKH. BIpoBaKeHHS  pPO3pOOJICHOTO
bpeiiMBOPKY TECTyBaHHS Ma€ BIUIMB Ha MPOIECH PO3POOKH BEeOOPIEHTOBAHOTO
IPOrPaMHOTO 3a0e3MEeUCHHS, IIUTIIXOM M1IBUIIEHHS €()eKTUBHOCTI BUKOHAHHS 3aB/IaHb
3 BUSIBJICHHSI KpOC-Opay3epHUX HECYMICHOCTEH.

IIporHo3u 1m0a0 PO3BUTKY J0OCHigxkeHb. [lomanpin BIOCKOHATIEHHS
po3pobiieHoro (HpeMMBOPKY MATHUMyTh Ha METI BUPIIIUTH BUSBIICHI BHUKJIUKH Ta
peanmizyBaTd OUIbIN 3pyuyHe, TpadiyHe, NPEACTABICHHS BHUXIAHUX JIaHHUX, 3
PO3UIMPEHUM J1aMIA30HOM AHATITUYHUX MOKAa3HUKIB JUISl IPOIOBXKEHHS JTOCITIIKEHHS
KpocC-Opay3epHUX HECYMICHOCTEH.

Iepeaik kawuoBux ciaiB: ABTOMATHU30BAHE TECTYBAHHA,
BEBOPIEHTOBAHMI 3ACTOCYHOK, BEFTECTYBAHHSI, KPOC-BPAY3EPHI
HECYMICHOCTI, BI3YAJIbHE TECTYBAHHA, KPOC-bPAY3EPHE
TECTYBAHHS, PO3PAXYHOK ABCOJIFOTHOI PIZHULII, SSIM.



ABSTRACT

Explanatory note: 127 pages, 31 figures, 15 tables, 4 applications., 49 sources.

Object of research: the process of detecting visual manifestations of cross-
browser incompatibilities that affect the correct display and functioning of applications
while considering the differences between browsers.Subject of research: automated
visual testing methods for detecting cross-browser incompatibilities in web-based
applications.

Purpose of Master's thesis: increasing the efficiency of the processes of
development and testing of web-oriented software, due to the use of methods of
automated visual testing in tasks detecting cross-browser incompatibilities to simplify
the further search for ways to avoid them.

Research methods: Automated methods of structural and visual analysis,
based on an approach of the absolute difference calculation in combination with the
structural similarity index measure, are used to detect visual cross-browser
incompatibilities in a web-based application.

Originality of the research consists of the further development of the direction
of the development of automated visual testing algorithms which allows an increase in
the effectiveness of the audit of visual manifestations of cross-browser
incompatibilities based on the proposed model of a combination of structural analysis
with computer vision methods: the calculation of the absolute difference jointly with
the structural similarity index measure.

The practical value of the results lies in increasing developers' productivity
due to the use of automated methods of visual testing, which contributes to reducing
the development time of web applications and improving their efficiency.

Field of application. The developed visual testing framework for detecting
cross-browser incompatibilities can be used in the fields of web development and web
testing in software development enterprises.

Value of work and conclusions. Implementation of the developed testing
framework has an impact on the web-based software development processes by
increasing the efficiency of completing the tasks in detecting cross-browser
incompatibilities.

Forecasts regarding the development of research. Further improvements of
the developed framework will aim to solve the identified challenges and implement a
more convenient, graphical, presentation of the output data, with an expanded range of
analytical indicators to continue the study of cross-browser incompatibilities.

Keywords: AUTOMATED TESTING, WEB-BASED APPLICATION, WEB
TESTING, CROSS-BROWSER INCOMPATIBILITIES, VISUAL TESTING,
CROSS-BROWSER TESTING, ABSOLUTE DIFFERENCE CALCULATION,
SSIM.



