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1. luceprauiitna po6ora: 153 c., 14 a6, 39 puc., 4 nog., 67 mxepen. IHTEJIEKTYAJTBHA IHGOPMALIIMHA
TEXHOJIOI'TSI ABTOMATHM30BAHOTI'O TECTYBAHHS WEB-OPIEHTOBAHOT'O TTIPOTPAMHOTO 3ABE3IIEYEHHS.
Mero1o nucepTaniitHoi po60TH € MinBUILIEeHHS CTabiNbHOCTI Ta sIKOCcTi DOM-cesieKTopiB B aBTOMaTH30BaHOMY
TeCTyBaHHi web-0pieHTOBaHOIr0 IPOrpamMHOro 3abe3neyeHHs iHpopmaliiiHUX CUCTeM Ha OCHOBI (popMasli3oBaHUX
METPUK 3 BUKopucTaHHIM GNN-mogzeneit. O6'€KTOM IOCIIiI>)KEHHS € NIPOLeC iHTeJIeKTyalbHOr0 aHasisy iHdpopMatlii
IIOAO0 CTPYKTYPHOI OpraHisanii Ta aBTOMaTU30BaHOT'O TECTYBAaHHSI Web-Opi€eHTOBAaHOTO IPOTPAMHOTO 3a0€31€4EeHHS
iHpopmariitHux cucreM. [IpeamMeTomM MOCTimKeHHS € MOZEli, METOIM Ta iHpOopMaliiiHa TEXHOJIOTisI
iHTeseKTyanbHOro aHasnizy DOM-CTpyKTypH AJ1s1 TI0OY0BY Ta OLIiHIOBaHHSI CEJIEKTOPIB B iHpOpMalLlifHUX cUCTEeMax
aBTOMAaTU30BAHOTO TECTyBaHHS. [lucepTauiiHy poO0Ty IPUCBSYEHO PO3B'SI3aHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAIHOI
3a/a4i CTBOPEHHS iHTeJIeKTyaIbHOI iHpOpMaLiliHOI TEXHOJIOTiI aBTOMATU30BaHOTO TECTYBAaHHSI Web-opieHTOBaHOrO

MIPOrpaMHOTOo 3a6e3redyeHHs, OPiEHTOBAHOI Ha MiIBUIEHHS CTAbiIbHOCTI, aIJalTUBHOCTI Ta SIKOCTi



aBTOMaTu30BaHUX UI-TeCTiB y Cy4acHUX IMHAMIYHUX BeO-1oAaTKax. Y poOoTi 3arponoHOBaHO (popmarizallio
DOM-cTpyKTypH y BUIJIsifi opieHTOBaHOTO rpada, ne By3au Bifgnosinaiote HTML-enemeHTaM, a pedpa
BiJOOpa’KalOTh CTPYKTYPHi 6aTbKiBCbKO-0YipHI Ta CyCinHi 38’93KuU. JI7151 By3iB rpadpa cGopMOBaHO CUCTEMY
CEMaHTUYHUX, aTPUOYTUBHUX i CTPYKTYPHHUX O3HAK, 1O O3BOJISIE KOMIIJIEKCHO OMMCATHA KOHTEKCT PO3TallyBaHHS
eneMeHTiB y DOM-gepesi. Ha ocHOBI Lboro noganHs po3po6ieHo GNN-mMopesns, 31aTHy GOpMyBaTh KOHTEKCTHO-
3aj1ekHi BeKTOpHi penpe3eHTanii DOM-eneMeHTIB. ¥ Meskax 3arporoHoBaHoi iHpopmalliiiHoi TexHOoJIorii
peasi3oBaHoO iHTeJIEKTyalbHUM MeXaHi3M (POpPMyBaHHS CEJIEKTOPIB, 10 NIOEAHYE PE3YJIbTATH IPadoBOi HEMPOHHO]
mepexi (GNN) 3 areHTOM NPUMHATTS pilleHb. ATE€HT IOCIiJOBHO (POPMYE CEJIEKTOP, BUKOPUCTOBYIOYM O3HAKU
BY3J1iB i CTPYKTYPHI 3B'SI3KU, Ta OL[iHIOE MOTO SIKiCTb 32 CyKYIIHICTIO (POPMasi30BaHUX METPUK. 3aIIPOIIOHOBAHO
CHCTEMY KiJIbKiCHOTO OLiHIOBaHHS SIKOCTi CEJIEKTOPIB, 1110 BKJII0Ua€e OKAa3HUKHU YHIKaJIbHOCTI, TO4yHOCTi (Precision),
noBHOTHU (Recall), F1-Mipu Ta JOBXVHM CEJIEKTOPA 3 YPaXyBaHHSIM BaroBUx KO€(illieHTiB /171 Pi3HUX KOMIIOHEHTIB.
Taknii nigxizn 103B0oJIsIE 06'€KTUBHO MOPIBHIOBATU Pi3Hi cTpaTerii mo6ym0BY CeeKTOpPiB Ta 3abe3edye OCHOBY IS
aJlafTHBHOIO BUOOPY Halbibil CcTabiibHUX celeKTopiB. Po3po6ieHo apxiTeKTypy iHTelekTyanbHoi iHpopMaLiiiHO1
TEXHOJIOTI, sIKa BKJII0Yae MonyJli nooynosu DOM-rpada, ekcTpakiii o3Hak, rpadp0BOro HaB4aHHS,
iHTEeJIEKTyaJIbHOTO areHTa Ta MiICUCTEMY OLIiHIOBaHHS SIKOCTi CeJIeKTOPiB. [IpoBe€eHO eKCIIepPUMEHTAIbHI
IOCJTIiIKeHHS Ha peaslbHUX web-pecypcax, o MifTBepAUIM 30aTHICTb 3aIIPOIIOHOBAHOI TeXHOJIOTI] 3abe3eyyBaTu
6inbil cTabiIbHI Ta KOMIIAKTHI CEJIEKTOPU MOPIBHSHO 3 TPAAULIIHUMYU PYyYHUMU Ta aBTOMATU30BaHUMMU TiIX0JaMHU,
a TaKO>X 3MEHIIYBATU KiJIbKiCTb HECTA0IJIbHUX TECTIiB i BUTPATH Yacy Ha iX NigTpuMKy. OCHOBHUI HAyKOBUI
pe3yJbTaT Ta HOBU3HA OTPUMAaHUX PE3YJIbTATIB NoJirae y ¢popmasisalii Iponecy aBTOMaTU30BaHOTO TECTYBAHHS
web-opieHTOBaHOr0 POrpaMHOro 3abe3neyeHHs iHPopMaLiiHUX CUCTeM SIK 337a4i iHTeJIeKTyaJbHOTO aHali3y
DOM-rpaga 3 BUKOPUCTaHHSIM IrpadOBUX HEMPOHHUX MEPEX; YAOCKOHATIEHHI CUCTEMU METPUK OL[iHIOBaHHS SIKOCTI
CEJIEKTOPIB 3 ypPaxyBaHHSIM iX CTa61IbHOCTI Ta CTPYKTYPHOI CKJIAJHOCTI; @ TAKOX Y pO3po61i afjallTUBHOTO MiXOLy
10 GOPMYBaHHSI CEJIEKTOPIB, 1[0 BPaXOBYe KOHTEKCT eleMeHTiB Y DOM-cTpykTypi. [IpakTiiHe 3Ha4YeHHSI po60TH
IIOJISITA€ Y MO>KJIMBOCTI BUKOPUCTAHHS 3alIPOIIOHOBAHO] iHTeJIeKTyaIbHOI iHPOpMaliliHOi TeXHOJIOTI] IK OCHOBU [J151
CTBOPEHHS iHCTPYMEHTIB MiATPUMKU aBTOMATU30BaHOTO TECTYBAHHS, 30KpeMa y BUIJISIAI JIOKAJIbHUX YTUIIT ab0
po3MMpeHs 11711 6pay3epiB, o CHPUSIOTH MifgBUIneHHI0 HaaiiHocTi Ul-TecTiB, 3MeHIeHHIo Kinbkocri flaky-Tectis
Ta CKOPOYEHHIO BUTPAT Ha CYNPOBiJ, TECTOBOI iHppacTpyKTypu iHpopMaLifiHux cucteM. OCHOBHI HAyKOBi
Pe3yJbTaTU Ta IPaKTU4HI pO3pOOKHU AycepTaLiliHOI poOOTH BUCBITIEHO B 11 HAYKOBUX Ipalsix, B TOMY YMACII 4
CTaTTi HaJPYKOBAHO Y HAYKOBUX BUIAHHAX YKPAiHW, SIKi BXOIATD [0 MepeliKy (paxoBUX BUIAHb KaTeropii b,

3atBepakeHnx MOHY, 7 pobiT ony6J1ikoBaHO y 36ipkax mMartepiasiB KOHpepeHIiil.

2. Ph.D. thesis: 153 pages, 14 tables, 39 figures, 4 appendices, 67 references. Intellectual information technology for
automated testing of web oriented software.The aim of this thesis is to improve the stability and quality of DOM
selectors in the automated testing of web-oriented software based on formalised metrics using GNN models. The
object of the study is the process of intelligent analysis of information regarding structural organisation and
automated testing of web-based information system software. The subject of this study is the models, methods
and information technology for the intelligent analysis of DOM structures, used to construct and evaluate
selectors in automated testing information systems. The dissertation is devoted to solving the urgent scientific and
applied problem of creating an intellectual information technology for automated testing of web-oriented
software, aimed at improving the stability, adaptability and quality of automated Ul tests in modern dynamic web
applications. The work proposes the formalisation of the DOM structure in the form of an oriented graph, where
nodes correspond to HTML elements, and edges edges represent structural parent-child and sibling relationships.
A system of semantic, attributive, and structural features has been formed for the graph nodes, which allows for a
comprehensive description of the context of the location of elements in the DOM tree. Based on this
representation, a GNN model has been developed that is capable of generating context-dependent vector
representations of DOM elements. Within the proposed intelligent information technology, an intelligent
mechanism for forming selectors has been implemented, combining the results of a graph neural network (GNN)
with a decision-making agent. The agent sequentially forms a selector using node features and structural
connections and evaluates its quality based on a set of formalised metrics. A system for quantitative assessment of



selector quality is proposed, which includes indicators of uniqueness, precision, recall, Fl-measure, and selector
length, taking into account weight coefficients for different components. This approach allows for an objective
comparison of different selector construction strategies and provides a basis for the adaptive selection of the most
stable selectors. The architecture of intelligent information technology has been developed, which includes
modules for building a DOM graph, feature extraction, graph learning, an intelligent agent, and a subsystem for
evaluating the quality of selectors. Experimental studies have been conducted on real web resources, confirming
the ability of the proposed technology to provide more stable and compact selectors compared to traditional
manual and automated approaches, as well as to reduce the number of unstable tests and the time spent on their
maintenance. The main scientific contribution and novelty of the results obtained lies in the formalisation of the
process of automated testing of web-oriented software as a task of intelligent analysis of the DOM graph using
graph neural networks; improving the system of metrics for evaluating the quality of selectors, taking into account
their stability and structural complexity; and developing an adaptive approach to the formation of selectors that
takes into account the context of elements in the DOM structure. The practical significance of the work lies in the
possibility of using the proposed intellectual information technology as a basis for creating tools to support
automated testing, in particular in the form of local utilities or browser extensions that help to increase the
reliability of Ul tests, reduce the number of flaky tests, and reduce the cost of maintaining the test infrastructure
information systems. The main scientific findings and practical developments of the thesis are presented in 11
academic papers, including 4 articles published in Ukrainian academic journals listed in the Ministry of Education
and Science’s list of Category B specialist publications, and 7 papers published in conference proceedings.
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BnacHe IlpizBume Im's [10-6aTbKOBI Mapruniok TersHa Bopucisna
rOJIOBYIOYOro0 Ha 3acigaHHi

BiamoBiganbHUH 32 MiZITOTOBKY IBanuyk fIpocnias Bosiogumuposny
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToliiBHA

OisiIBHOCTI




