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Pedepar:

1. Y BcTyni nokasaHa aKkTyasbHICTbh BUPIlIEHHS 337ja4 aBTOMATU30BaHOIO BUSIBJIEHHS IOTPE6U B pePaKTOPUHTY
00'€KTHO-OPi€HTOBAHOTO NPOrPAMHOT0 KOAY B CyYaCHUX NIPOrPaMHUX cUCTeMax. [lifKpecieHo HeloiK1 HasiBHUX
Mogesieil i MeToiB BUsIBJIEHHS pedaKTOPUHT-MO>KJIMBOCTE, 30KpeMa MiZIX0/1iB Ha OCHOBI «3araxiB» Koay,
IIPOrpaMHUX METPHUK i METOIiB MAIlIMHHOTO HABYAHHS, SIKi HE BPAXOBYIOTb KOHTEKCT IIPOEKTY, B3A€EMO3aJIE>KHICTb
O3HaK Ta 3allyMJIEHICTb JaHUX. BuU3HaueHO 00’eKT, IpeIMeT, METY, 33/1a4i Ta METOAM NOCIiIKEHHS]; HaBeI€HO
HayKOBY HOBM3HY Ta [IPaKTUYHE 3HAUYE€HHS OTPUMAaHUX Pe3yJbTaTiB; BUCBITIIEHO OCOOMCTUI BHECOK 37100yBayva. ¥
[epIIOMY PO3Tisi AucepTaLiliHOl poOOTH BUKOHAHO CUCTEMHUIA OTJIsi], IPOOIEMATHKY BUSIBIIEHHS Ta YCYHEHHS
AQHTUNIATEPHIB y IPOrPaMHUX KOMIIOHEHTAX $IK KJII0YOBOT'O YMHHUKA 3HWKEHHS BHYTPIIHbOI IKOCTi T YCKIIAJHEHHS
€BOJIIOLLii TPOMHUCIIOBUX MTPOrpaMHUX cucTeM. [TokazaHo, K 3pOCTaHHs MacIITabiB i CKJIaTHOCTI IPOrPaMHOTO
3abe3ne4eHHs IPU3BOAUTD 4O HAKOMUYEHHS Ne@eKTiB IPOEKTYBaHHS Ta 3B'130K aHTUIIATEPHIB 3 Jlerpasalieio

HiATPUMYBAHOCTI, yCKyIagHeHHsIM Moaudikaliil Ta MigBUIIEeHHSIM BapTOCTi po3BUTKy. Ha 11iif ocHOBI



c(pOpMyJIbOBAHO ITOCTAHOBKY 3a71a4i aBBTOMAaTUYHOTO BUSIBJIEHHS Ta YCYHEHHS QaHTUIIATEPHIB i OKPECJIEHO MicLie
TaKUX pillleHb Y CYy4aCHOMY iH>)KeHEepHOMY IIpoLeci. Y Ipyromy po3ziji aucepraniiiHoi po6oT yTOYHEHO
[TIOCTAHOBKY 3a/1a4i aBBTOMAaTUYHOTO BUSIBJIEHHS aHTUIIATEPHIB 3 ypaxyBaHHSIM IX MYJIbTUMOJAJIbHOI IPUPOIU
(cTpyKTypa, cCEMaHTHKa, METPUKHU, €BOJIIOLIiST), 6araTOPiBHEBOrO KOHTEKCTY («METO[, — KOMIIOHEHT — IIPOEKT») Ta
notpe6u open-set/low-confidence pexxumy 3 IBHUM ypaxyBaHHSIM HEBU3HA4€HOCTi. OGIPYHTOBAaHO OOMEKEHHS
IIpaBUJI Ta METPUK i OTHO-MOJAJIbHUX MiTXOAiB Ha 6a3i MalIMHHOTO HaBYaHHS Ta COOPMYJIbOBAHO BUMOTH 10 HOBO]
MogeJi (MepeHOCUMICTh, iIHKpeMEHTAIbHICTD 17151 6€311epepBHOI iHTerpalii Ta JocTasjieHHs). B TpeTbomy po3zini
IUCEPTaLifHOi poO0OTH 3aIIPOIIOHOBAHI MOZEli Ta METOIY PEKOMEHallii, IJ1aHyBaHHS Ta IPOLIECHOTO OLIiHIOBAaHHS
peaKTOPUHTIB /J1s1 yCYHEHHS aHTUNaTepHiB. [y 6e3[1e4YHOr0, IIPO30POro aBTOMATHU30BaHOIO YCYHEHHS Ay0JIiKaTiB
KOJly i3 IPOrHO30BaHMM BIIJIMBOM Ha IIpolec OyB 3aIIPOIIOHOBAHMI METO], peKoMeH1allii pe(akTOPHHTIB yepes
6araToLisIbOBY ONTMMI3allilo 3 OLiHKOI HEBU3HAYEHOCTI, CIIelliali30BaHUI Ha YCYHEHHI Ay6JiKaTiB kogy. B
4eTBEPTOMY pO3[iJi AucepTaliiiHOi po60TU MPOBEEHO NOCIIKEHHS iIHTErPOBAHOTO iIHCTPYMEHTAIbHOTO 3aC00Y.
PeasnizoBaHO Ta onMcaHo iHTErpoBaHUM iHCTPYMEHTaIbHUI 3aci6 1711 HACKPi3HOTO KEPyBaHHS aHTUIIaTePHAMU
(end-to-end pipeline): nobyznosa riopunHoro noganHs kony (CPG + cemantuyHi embennuaru + VCS-o3Hakn);
BUSIBJICHHS] aHTUIIATEPHIB; reHepallisl/6araToKpUTepiasibHe paHXyBaHHS pedakTopuHris ([1apeTo + HWKHI JOBip4i
MEXi 3 ypaxyBaHHSIM HEBU3HAUEHOCTI); IIJIaHyBaHHS MiHIMaJIbHO iHBa3MBHOI [10CJIiIOBHOCTI 3 OI0Ip)KeTaMu / PU3UK-
obMesxenHsiMu; SPC-ouiHoBanHs edekty (EWMA /CUSUM); popMyBaHHS iH)KeHepHUX apTedakTiB JJ1st
BiZITBOPIOBAHOCTI i TPACOBAHOCTI, BKJIIOYHO 3 MEXaHI3MOM YTPHMMAaHHS 32 HU3bKOI BIIEBHEHOCTI. EXCcliepuMeHTaNbHe
IOCTIiIKeHHs IpoBenieHo Ha 7 Java-nipoekTax (JUnit5, Commons Lang, Guava, Spring Boot, Elasticsearch, Hadoop,
Jenkins) y ¢ikcoBaHUX pesi3HUX 3pi3ax i3 KOHTPOJILOBAHMM CEpEeLIOBUIIEM i TOPIBHSIHHAM 3 baseline-nigxonamu.
OTtpumaHno y3araipHeHuil end-to-end edekr: cepente 3amenmeHnHs Technical Debt Index (TDI) Ha 16,4%, npupict
Maintainability Index (MI) y cepenHbomy Ha +5,66, 3HmkeHHs: Cognitive Complexity (CC) Ha 12,1% Ta 3MeHIIeHHS
Clone density Ha 32,0%. Y3romkeHicTb IpOrH030BaHOro Ta GakTUYHOro edekTiB € BUcoKolo (R? = 0,91; po36ikHOCTI
«Expected vs Actual» y mesxax npubausso Big -1,6 1o +0,3%). VY nopiBHsHHI 3 6a30BUMU 3aC00aMu iHTerpoBaHa
cHCTeMa J1a€e Oi/IbIINi CyKYIHUN eeKT (OJ1s1 KIIaCMYHUX aHali3aTOPiB IOKPALeHHS OJIM3bKi 10 HYJIs, 01
4aCTKOBUX PEKOMEHATOPIB — MOMITHO HMXKUi 3a iHTETPOBaHi), a TAKOX 3a0e3Iedye OBHUI LIUKJI «BUSIBJIEHHS —
naH pedaKkTOPUHTIIB — MigTBepIyKeHHs ePeKTy». TaKuM YMHOM, OTPUMaHi pe3yJIbTaTy HifTBEPIKYIOTh
KOPEKTHICTb i e(EeKTUBHICTb TEXHIUYHUX pillleHb, 3aIIPOIIOHOBAHUX Y AMCEPTaLiliHill po6oTi. Po3po6eHi B poboTi
MoOJeJli Ta METOIH, & TAKOXX IHCTPYMEHTAJIbHUM 3acib OTpMMaB BIIPOBaIpKeHH y HdisbHOCTI HBIT «Kape» Ta
3HANIIIIM BinoOpaskeHHs y HaBYaJIbHOMY IPOLeCi Ta HAyKOBO-IOCIAHULBKIN AisyibHOCTI HanlioHanpHOTO

yHiBepcuTeTy «OflecbKa MOJIITeXHIKa».

2. The introduction highlights the relevance of solving problems related to the automated detection of the need for
refactoring object-oriented software code in modern software systems. It highlights the shortcomings of existing
models and methods for identifying refactoring opportunities, in particular approaches based on code "smells,"
software metrics, and machine learning methods that do not take into account the context of the project, the
interdependence of features, and data noise. The object, subject, purpose, tasks, and methods of the study are
defined; the scientific novelty and practical significance of the results obtained are presented; the personal
contribution of the applicant is highlighted. The first chapter of the dissertation provides a systematic review of
the issues of identifying and eliminating anti-patterns in software components as a key factor in reducing internal
quality and complicating the evolution of industrial software systems. It shows how the growth in the scale and
complexity of software leads to the accumulation of design defects, and anti-patterns are associated with
degradation of maintainability, complication of modifications, and increased development costs. On this basis, the
task of automatic detection and elimination of anti-patterns is formulated, and the place of such solutions in the
modern engineering process is outlined. The second chapter of the dissertation clarifies the task of automatic
detection of anti-patterns, taking into account their multimodal nature (structure, semantics, metrics, evolution),
multi-level context (method - component - project), and the need for an open-set/low-confidence mode with
explicit consideration of uncertainty. The limitations of rules/metrics and single-modal approaches based on

machine learning are justified, and requirements for a new model (portability, incrementality for continuous



integration and delivery) are formulated. Thus, the first point of scientific novelty is formulated: for the first time, a
multilevel model for detecting anti-patterns based on a hybrid graph is proposed, which unifies syntactic trees,
control flow graphs, and dependency graphs into a code property graph, with additional semantic and evolutionary
features. The proposed model allows detecting typical and atypical anti-patterns, working with multilingual
software projects, and ensuring compatibility with continuous integration and delivery processes. The third
section of the dissertation proposes models and methods for recommending, planning, and process-based
evaluation of refactorings to eliminate anti-patterns. Thus, the fourth point of scientific novelty is formulated: the
model for evaluating the effectiveness of refactorings based on statistical process control with attribution of
influence has been improved. The use of the model provides evidence-based decisions of "improvement,
deterioration, no changes detected" with a given level of confidence, reduces false alarms, and provides
manageable feedback for continuous integration and delivery. The fourth section of the dissertation examines an
integrated tool. An integrated tool for end-to-end pipeline management of anti-patterns has been implemented
and described: construction of a hybrid code representation (CPG + semantic embeddings + VCS features);
detection of anti-patterns; generation /multi-criteria ranking of refactorings (Pareto + lower confidence limits
taking into account uncertainty); planning of a minimally invasive sequence with budgets /risk constraints; SPC
effect evaluation (EWMA /CUSUM); formation of engineering artifacts for reproducibility and traceability,
including a mechanism for retention at low confidence. The experimental study was conducted on 7 Java projects
(JUnit5, Commons Lang, Guava, Spring Boot, Elasticsearch, Hadoop, Jenkins) in fixed release slices with a
controlled environment and comparison with baseline approaches. A generalized end-to-end effect was obtained:
an average decrease in the Technical Debt Index (TDI) by 16.4%, an increase in the Maintainability Index (MI) by an
average of +5.66, a decrease in Cognitive Complexity (CC) by 12.1%, and a decrease in Clone density by 32.0%. The
consistency between the predicted and actual effects is high (R? = 0.91; "Expected vs Actual" discrepancies range
from approximately -1.6 to +0.3%). Compared to basic tools, the integrated system provides a greater cumulative
effect (for classic analyzers, the improvements are close to zero, for partial recommenders, they are significantly
lower than for integrated ones) and also provides a complete cycle of "detection - refactoring plan - confirmation
of effect.” Thus, the obtained results confirm the correctness and effectiveness of the technical solutions proposed
in the dissertation.
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InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

Biacue IpizBume Im's I[10-6aThKOBI Domin Onexcauap Onexciitosuy
roJIOBH paju

Biiacue IlpisBuie Im's I1o-6aThKOBI Dowmin Onexcauap Onexciiosuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY Hatanis MenyioBchKa
00JIiIKOBHX JOKYMEHTIB

Peec1'paTop [Opuenko TersHa AHaTosiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




