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Pedepar:

1. Inceprarnist Ha 30006YTTSI HAYKOBOTO CTyIeHs fgokTopa ¢dinocodii 3a cnenjanbHicTio 122 «Komm'ioTepHi HayKu». —
HaujonanbHui TEXHIYHUI YHIBEPCUTET YKpaiHu «KniBCbKUM MOJIITEXHIYHMI iHCTUTYT iMeHi Irops CiKOpCbKOTo»,
Kuis, 2024. MeTo10 nucepTalifiHOTO JOCIIIKEHHS € po3poOKa METOy aHajli3y [M04aTKOBOTO KOAY Ta HOro
NI0JAJIbIIOTO AaBTOMATU30BaHOTO Pe(MAKTOPUHTY, SIKA CIIMPAETbCS] HA BUKOPUCTAHHS 6a31 3HaHb PO LieH KOZ,
O6'eKTOM AucepTaLilfiHOrO NOCiIPKEHHS € IpoLecH 300y, peCcTaBleHHs i 06pobky iHdopMallii Ipo MoYaTKOBUI

KOJ, IPOrPaMHMX NPOAYKTiB. [IpeAmMeToM IUCEPTaLiliHOrO JOCiIKEHHS BUCTYIAl0Th METOIY aHAaJIi3y,



IIpe/ICTaBIeHHs Ta 06poOKM iH(opMaliii 11 peaKTOPUHTY 10YATKOBOTO KOy 3 YpaxyBaHHSIM HOr0 CEMaHTHKH, SIKi
0a3yI0ThCsl HA BUKOPUCTaHHI (OopMasi3oBaHUX 3HAHb IIPO KO, Y XoZi poboTH HaJ AucepTaLi€elo 6yJI0 BUKOPUCTaHO
TaKi METOAU JIOCIIiI)KEHHSI: CIIOCTEPE>KEHHSI, TOPiBHSIHHS, aHali3, popmarizallist, abcTparyBaHHs1, MOJI€JIIOBaHHS,
€KCIIEPMMEHT. 3a3Ha4yeHi MeToAU Oy/IM 00paHi 3BaKaldy Ha MeTy Ta 3aBJJaHHS JOCJiIKEHHs, a TAKOX Ha
IIPAKTUYHICTb X BUKOPUCTAHHSI [1PY BUPIlI€HHi IPO6JIeM aBTOMATU30BaHOTO aHali3y Ta pe(akTOPUHTY
[I0YaTKOBOT'O KOy NIPUKJIAHUX IIporpam. Y aucepralii Blepiue 3ariporIOHOBaHO METOJI, aBTOMaTHU3allii
peaKkTOpPUHIy IPOrPaMHOTr0 KOy, SIKAM BiflPi3HSIETHCS Bifl iICHYIOUMX THUM, 10 3[iICHIOE IEPETBOPEHHS KOAY Ha
piBHi cyTHOCTEH 6a3u 3HaHb, CTBOPEHOI HA OCHOBI 3alIPOIIOHOBAHOI MOl ¢popmarisallii 3HaHb IPO CUHTAKCUC i
CEMaHTUKY KOZy, IJIs1 aBTOMaTUYHOTO BUSIBJIEHHSI i BUIIPABJI€HHS PO3IIOBCIOIKEHNX aHTHUIIA0JIOHIB
IIporpamyBaHHsl. Briepiie 3aniporioHOBaHO MeToA Mogugikalii IpoMi>KHOro NpeACcTaBIeHHs IPOrPaMHOr0 KOZy B
npoueci pe(akTOPUHTY, 1[0 YMOKJIMBIIIOE BUIIPABJI€HHS HETPUBiaJIbHAX aHTULIAOJIOHIB, SIKU BiIpi3HAETHCA Bif,
iCHyI0YHX THM, 110 32CTOCOBY€E MEXaHi3MM JIOTIYHOTO BUBELIEHHS 10 3HAHb IPO KO, CPOPMYIIbOBAHUX 3
BUKOPUCTAHHSIM OTMKCOBUX JIOTIK i IPaBUJI JIOTIYHOTO BUBENIEHHS. YIOCKOHAIeHO Mozesb dopmarizallii 3HaHb PO
IIPOrpaMHUi Kog, 17151 Horo pe(akTOPMHIY Ha OCHOBi OHTOJIOTi 06’€KTHO-OPi€HTOBAaHOI MOBY IIPOrPaMyBaHHS, 1110
BiZpi3HS€THCA Bif iCHYI0UMX TUM, 10 IPECTaBIIsSIE He Jvlle 6a30Bi BilOMOCTI IPO CUHTAKCUC, OTPUMAaHI Bif,
CHMHTaKCHUYHOI'O aHaJIi3aTopa, a I CEeMaHTUKY CKJIaJIHUX KOHCTPYKIiH, abIOHIB Ta aHTUIIAGJIOHIB 3 MOKJIMBOIO
IIPUB'S3K0I0 10 QYHKIiH IPOrpaMHOro NponyKTy. Po3pobiieHunit MeToy, 103BOJIsI€ [1IEPEBUKOPUCTOBYBATH CXEMY
0a3u 3HaHb i3 HAKONIMYEHMMH 3HAaHHSIMU 1PO WA6JI0OHU Ta aHTUIIAGJIOHU IIifl 4ac aHali3y Ta pe(paKkTOPUHTY
[I0YaTKOBOI'0 KOJIy Pi3HNMM MOBaMU IIPOrPaMyBaHHS, 1O JO3BOJISIE 3MEHIINTH YacC Ta BUTPATH HA PO3POOKY CUCTEM
pePaKkTOpUHTY, pO3pOOJISIIOUY JIMIle YAaCTUHY CUCTEMHU, L0 MIOB's13aHa i3 IepeTBOPEHHS [I0YaTKOBOTO KOy B
CYTHOCTI 6a31 3HaHb i HaBIaKX. 3allpONIOHOBAHMI MiAxin 1o popmaizallii 3HaHb ITPO MOYATKOBUM KOJ, 1O3BOJISIE
OTPUMYBATH METaJaHi PO 3MiCT MOYATKOBOTO KOAY, IOPiBHIOBATH HAIIOBHEHHS PEMO3UTOPIiB (IIyKaTh CEMaHTUYHI
Iy6JikaTh), CTBOPIOBATH JOKYMEHTALIil0 IIPO IIPOTPaMHUIL ITPOAYKT 3 TOIIOMOTOI0 BKe iCHYI0UYMX 3aC00iB IJIs
POOOTH i3 CEMAaHTUYHMMU JaHUMU, ONIUCYBATU MAa6JI0HU i aHTUINAOJIOHU /1715 TPOBEJEHHS aHali3y i peakTOpUHTY
6€e3 BTPy4aHHs po3pO0OHUKA. 3alIpOIIOHOBAHO 3aCTOCYBaHHSI PO3POOIEHOTO METOMY 1151 IOOYLOBU [IPOTPaMHOrO
IIPOTOTHUITy CUCTEMU aHali3y i pepaKTOPMHIY IIOYaTKOBOTO KOAY [JIs1 MOBY IIpOrpamMyBaHHs Swift 3 onucom
oHToOJ10rii MOBO0O OWL-DL, a npaBu1 JIOTiYHOTO BUBOAY Ta 3aIUTIB 10 OHTOJIOTII — MoBOt0 S(Q)WRL, 1110 1ano 3mory
3HAYHO NPUIIBUIIINTY IIPOLEC 37iliICHEHHS pe(aKTOpUHIY. TaKUM YMHOM [IOCSTa€ThCS CYTTEBE 3MEHIIEHHS BUTPAT
Ha PO3pOOKY Ta MifTPUMKY IIPOTPAaMHUX ITPOAYKTIB. Y gucepTallii 3alIpOIIOHOBAHO METOJ, aHaJIi3y Ta Pe(PAKTOPUHTY
[I0YaTKOBOT'0 KOJy MIPUKJIAHUX [IPOTPaM, SKUI Yepe3 BUKOPUCTAHHS 623y 3HaHb [IPO [10YaTKOBUH KOJ, HA OCHOBI
OHTOJIOT1I, J03BOJIsIE AbCTparyBaTUCh BiJ, KOHKPETHOI MOBU IIPOrpaMyBaHHsI B IIPOEKTI i 3[[iiCHIOBaTH CKJIaNHI
MaHinysunii i3 mo4aTkOBUM KOJOM LJISIXOM MaHinyJssLii 10ro CEeMaHTUYHUM IpencTaBieHHsIM. OCHOBHA ifed
MeTOo/ly MoJisrae y po6orTi i3 IpeiCTaBIeHHSIM KO/ly HA CEMaHTUYHOMY PiBHi, 110 BifIpi3HsI€ThCS Bifl iCHYyI0UMX
CII0CO6iB BUKOPUCTaHHSIM OHTOJI0Ti Ta 3aco6iB OWL /S(Q)WRL 1151 po6oTH i3 cemanTuxow. Y xozi
€KCIIEPMMEHTAJIBHUX JIOCTIiI)KEeHb 0yJI0 JOBEIEHO MOXJIMBICTb BiTHOCHO IIPOCTO ONMCYBAaTH I1paBUJIa
pe(aKkTOPUHIY B OHTOJIOTI] Ta 3MilICHIOBATH aHaJi3 i pe(paKTOPUHT Pi3HOI CKJIAIHOCTI, @ TAKOXK IIOKA3aHO
3MEHIIEHHS BUTPAT 4YacCy Ha BUKOHAHHS TaKUX 3aBJaHb Ha 36% y MOPiBHAHHI i3 iHIIMMMU MiITXOaMU aHaI3y i
peaKkTOpUHTY.

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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