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1. Incepratist Ha 3006YTTSI HAYKOBOTO CTyIEHSI JOKTOpa ¢inocodii 3a cnenianpHicTio 122 «KOMITIOTEPHI HAyKW». —
HanjionanbHu# TeXHIYHUM YHIBEPCUTET YKpaiHu «KniBCbKUM MOJITEXHIYHUI iHCTUTYT iMeHi Iropsg CiKOpCbKOro»,
Kuis, 2024. MeTo10 nucepTalillHOro NOCiIPKEHHS € po3pobka METOly aHajli3y T04aTKOBOIO KOAy Ta HOro
MIOJAJIbIIOr0 aBTOMAaTU30BaHOTO PEePAKTOPUHTY, IKUI CIIMPAEThCS HA BUKOPUCTAaHHS 6231 3HaHb PO 11eii KOJI.
O6'eKTOM AucepTaLifiHOTO NOCiIKeHHS € IpoLecy 300py, IIpefCTaBIeHHs i 06po6ky iHdopMalLii Ipo MoYaTKOBUI
KOJI [IPOrPpaMHUX MIPOAYKTIB. [I[pegMeToM IuCepTaliiHOro JOCTiIKEHHS BUCTYIIAl0OTh METOIU aHAJII3yY,
IIpeJCcTaBjIeHHs Ta 06po6KHy iHpopMallii 1711 pepaKTOPUHTY IIOYATKOBOTO KOy 3 YPaxyBaHHSIM MOr0 CEMaHTHUKH, SIKi
0a3yl0TbCs HAa BUKOPUCTaHHI (pOpMasi3oBaHMX 3HaHb PO Ko, Y xozi po60TH HaJl AUCepTaLielo 6yJ10 BUKOPHUCTAHO

TaKi METOAU JIOCTIIKEHHSI: CIIOCTEPE>KEeHHSI, TOPIBHSIHHS, aHali3, popmarizallisi, abcTparyBaHHs, MOJI€JIIOBaHHS,



eKCIIepUMEHT. 3a3Ha4yeHi MeToIU Oy OOpaHi 3BaKal0uM Ha METY Ta 3aBJIaHHS JOCJIIPKEHHS, a TAKOX Ha
[IPaKTUYHICTb iX BUKOPUCTAHHS [IpY BUPilIeHHI IIPO6JieM aBTOMATU30BaHOTO aHali3y Ta pe(akTOPUHTY
[I0YaTKOBOT'O KOZY IIPUKJIAHUX [Iporpam. Y aucepralii Bliepiue 3ariporiOHOBaHO METOJI aBTOMaTH3allii
pe(aKkTOpPUHTy MPOrPaMHOTr0 KOy, SIKAM BifPi3HSIETHCS BiJl iICHYIOUMX THUM, 1O 3[iMICHIOE IEPETBOPEHHS KOAY Ha
piBHi cyTHOCTe1 6231 3HaHb, CTBOPEHOI Ha OCHOBI 3aITPONIOHOBAHOI MOZei (popmaisallii 3HaHb PO CUHTAKCHUC i
CEMAaHTUKY KOAy, IJ1s1 aBTOMaTUYHOTO BUSIBJIEHHSI i BUIIPABJIEHHS PO3IIOBCIOIKEHNX aHTHUIIa0JIOHIB
IIporpamyBaHHsl. Briepiie 3anipolioHOBaHO MeToA Mogu@ikalii TpOMi>KHOro NpeACTaBIeHHS IPOrPaMHOI0 KOZy B
npoueci pedakTOPUHTY, 0 YMOSKIIUBIIIOE BUIIPABJI€HHS HETPUBiaJIbHUX aHTUIIAGJIOHIB, IKUI BiIpi3HAETHCS Bif,
iCHYI0YHX THM, 1110 32CTOCOBY€E MEXaHi3MU JIOTIYHOTO BUBELIEHHSI 10 3HAaHb PO KO, CPOPMYJIbOBAHUX 3
BUKOPUCTAHHSIM OIMKCOBUX JIOTIK i MPaBUJI JIOTIYHOTO BUBEIEHHS. YOCKOHaIeHO Mozesb dopmarizallii 3HaHb PO
IIPOrpaMHUM KOJ 111 1oro pedakTOPUHTY Ha OCHOBI OHTOJIOTII 06’'€KTHO-OpPi€HTOBAHOI MOBY IIPOTrpamMyBaHHS, 1O
BiIpi3HSETHCS Bif| iCHYIOUMX THM, IO [IPEJICTABJISE He Jiniie 6a30Bi BifOMOCTI TPO CUHTAKCHC, OTPMMaHi Bif
CHHTaKCUYHOI'O aHaJi3aTopa, a I CEeMaHTUKY CKJIaJIHUX KOHCTPYKIIili, 11abIOHIB Ta aHTUIIA0JIOHIB 3 MOXKJIMBOIO
IIPUB'A3KO0I0 10 QYHKIi} IPOrpaMHOro NponayKTy. Po3pobsieHnit MeToy, 103BOJIsI€ 1IEPEBUKOPUCTOBYBATH CXEMY
0a3u 3HaHb i3 HAKONMYEHMMY 3HaHHSIMU I1PO MA6JI0OHU Ta aHTUIIAGJIOHU IIifi 4ac aHali3y Ta pe(paKTOPUHTY
[I0YaTKOBOI'0 KOJy Pi3HMMM MOBaMU IIPOrpaMyBaHH4, 110 JO3BOJISIE BMEHIINTH YacC Ta BUTPATU HA PO3POOKY CUCTEM
peaKkTOpPUHTY, pO3pO0JISIOUH JIMIe YACTUHY CUCTEMHY, L0 MIOB's13aHa i3 IEPETBOPEHHS [I0YAaTKOBOTO KOy B
CYTHOCTI 6a31 3HaHb i HaBIIaKX. 3allpONIOHOBAHMI MiAxin A0 popmaizauii 3HaHb IIPO MOYATKOBUI KOJ, 103BOJISE
OTPMMYBATH METAIaHi PO 3MiCT IOYATKOBOT'O KOy, TOPiBHIOBATH HAIIOBHEHHSI PEIIO3UTOPIIB (IyKaTU CEMAHTUYHI
Iy6JlikaTh), CTBOPIOBATH JOKYMEHTALlil0 IIPO IPOTrPaMHUIL TPOAYKT 3 IOIIOMOTOI0 BKe iCHYI0UMX 3aC00iB [J1s
POOOTH i3 CEMAaHTUYHMMU JaHUMU, ONUCYBATU MA6JI0HU i aHTUIIAOJIOHU /1715 IPOBEJEHHSI aHali3y i pe(pakTOPUHTY
6€e3 BTpy4aHHs PO3POOHUKA. 3alTPOIIOHOBAHO 3aCTOCYBaHHS pO3PO6JIEHOTO METOY [1JIsl IOOYI0BY IPOrPaMHOTO
IIPOTOTUITY CUCTEMU aHai3y i pedakTOpUHTy IOYATKOBOTO KOy IJIs1 MOBU IIporpaMyBaHHs Swift 3 onricom
oHToJi0rii MOBO0O OWL-DL, a npaBuJ1 JIOTiYHOTO BUBOAY Ta 3aIUTIB 0 OHTOJIOTII — MoBOt0 S(Q)WRL, 110 1ano 3mory
3HQYHO NPUIIBUIIINTY IIPOLEC 3OiliICHEHHS pe(aKTOPUHIY. TaKUM YMHOM [IOCITAEThCS CYTTEBE 3MEHIIEHHS BUTPAT
Ha pO3pOOKY Ta MiATPUMKY IIPOTPAMHUX ITPOAYKTIB. Y mucepralii 3alIpOIIOHOBAHO METOJ, aHali3y Ta pedakTOPUHTY
[I0YaTKOBOT'0O KOy MIPUKJIaHUX [IPOTPaM, KU yepe3 BUKOPUCTAaHHS 6a3y 3HaHb [IPO [10YaTKOBUH KOJL, HAa OCHOBI
OHTOJIOTII, J03BOJIsIE AbCTParyBaTUCh BiJ, KOHKPETHOI MOBU ITPOTrPaMyBaHHs B ITPOEKTI i 3[[iICHIOBATH CKJIATHI
MaHIIyJsnii i3 104aTKOBUM KOJOM ILIJISIXOM MaHINyJISLil 1Or0 CEMaHTUYHUM IpencTaBieHHsIM. OCHOBHaA ifest
METOJLy II0JISITa€ Y PoOOTi i3 IpeicTaBlIeHHIM KoLy Ha CEMAaHTUYHOMY PiBHI, 110 Bifpi3HIETHCS Bif iCHYI0UNX
CII0CO0iB BUKOPUCTAaHHSIM OHTOJIOri Ta 3aco6iB OWL /S(Q)WRL 1151 poboTH i3 cemanTuxow. Y xozi
€KCIIEPMMEHTAJIBHUX JIOCTIiI)KEHb 0yJI0 JOBENEHO MOXJIMBICTb BiTHOCHO IIPOCTO ONMCYBATH IIPAaBUJIA
pedaKTOPUHTY B OHTOJIOTII Ta 3[iliICHIOBATH aHali3 i pe)aKTOPMHT Pi3HOI CKJIAIHOCTI, & TAKOXK [10Ka3aHO
3MEHIIEHHS BUTPAT 4YacCy Ha BUKOHAHHS TaKMX 3aBJaHb Ha 36% y MOPIBHAHHI i3 IHIIMMMU NiIXOJaMU aHai3Yy i
peaKkTOpUHTYy.

2. Thesis for the degree of Doctor of Philosophy in specialty 122 “Computer Science”. - National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2024. The aim of the dissertation research is
the development of a method for analyzing source code and further automated refactoring, based on the
utilization of knowledge about that code. The object of the dissertation research is the processes of analysis,
representation, and processing of information about the source code of software products. The subject of the
dissertation research is the methods of analysis, representation, and processing of information for refactoring of
source code, considering its semantics, which is based on the utilization of formalized knowledge about the code.
In the course of working on the dissertation, the following research methods were used: observation, comparison,
analysis, formalization, abstraction, modeling, experiment. These methods were chosen considering the goal and
tasks of the research, as well as the practicality of their use in solving problems of automatic analysis and
refactoring of the source code of application programs. The dissertation introduces, for the first time, a method
for automating code refactoring, which differs from existing ones in that it performs transformations on the level
of entities of knowledge base, which is based on proposed model for formalizing knowledge about the syntax and



semantics of source code, for the automatic detection and correction of common programming anti-patterns,
considering the semantics of the code. A method for modifying the intermediate representation of the code during
refactoring is proposed for the first time, enabling the correction of non-trivial anti-patterns, which differs from
existing ones in that it applies logical inference mechanisms to the knowledge about the code formulated using
descriptive logics and rules of logical inference. The model for formalizing knowledge about the source code for its
refactoring based on the ontology of the object-oriented programming language is improved. This model differs
from existing ones in that it represents not only basic information about syntax obtained from the syntax analyzer,
but also the semantics of complex constructions, patterns, and anti-patterns with possible linkage to the functions
of the software product. The developed method enables the reuse of the knowledge base schema with
accumulated knowledge about patterns and anti-patterns during the analysis and refactoring of the source code in
different programming languages, which reduces the time and costs of developing refactoring systems by only
developing the part of the system related to converting the source code into knowledge base entities and vice
versa. The proposed approach to formalizing knowledge about the source code allows for obtaining metadata
about the content of the source code, comparing repository contents (searching for semantic duplicates), creating
documentation about the software product using existing tools for working with semantic data, and describing
patterns and anti-patterns for analysis and refactoring without developer intervention. The developed method is
proposed to be applied for building a software prototype of a system for the analysis and refactoring of source
code for the Swift programming language utilizing: ontology which is described using the OWL-DL language, the
rules for logical inference and querying the ontology which are expressed using the S(Q)WRL language, which
provided the ability to reduce the time required to conduct the refactoring. This approach achieves a significant
reduction in costs for the development and maintenance of software products. In the dissertation, a method for
analyzing and refactoring the source code of application programs is proposed, which, through the use of
knowledge base about the source code (supported by an ontology), allows abstraction from the specific
programming language used in the project and enables complex manipulations of the source code by manipulating
its semantic representation. The main idea of the method is to work with the representation of code at a semantic
level, which differs from existing methods by using ontology and OWL /S(Q)WRL tools for working with semantics.
During experimental research, it was proven that it is possible to relatively easy describe refactoring rules in
ontology and perform analysis and refactoring of various complexities. Moreover, it was shown that the time
needed to perform such tasks is reduced by 36% compared to other approaches to analysis and refactoring.
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