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Pedepar/anoTamis:

1. ®pankis O. O. ABTOMaTM30BaHUI aHaJIi3 Ta Bidyasi3allisi B JOIIOBHEHIN pealbHOCTI apXiTEeKTypu NPOrPaMHUX
MOJIYJIiB 117151 BUSIBJIEHHS aHTUMNATepHiB. — Kpasidikanilina HaykoBa Ipals Ha ITpaBax pyKonucy. /lucepratis Ha
3100y TTsI HAYKOBOTO CTyIeHs JoKTopa ¢inocodii 3a cneuianbhicTio 122 «Komm'totepHi Hayku» (12 — Indopmauiiizi
TexHoJiorii). — Hauionanpuuil yHiBepcurteT «KueBo-MorussiHebka akageMisy, Kuis, 2026. lucepratiiiHa po6oTa
IIPUCBSIYE€HA PO3B'SI3aHHIO AKTyasIbHOI HAYKOBO-TIPUKJIAHOI 3a7ja4i aHasi3y apxiTeKTypu IPOrpaMHOro
3a0be3ne4yeHHs Ha OCHOBI aBTOMAaTH30BaHOI 106yHoBY rpadoBoi Mozesii IporpaMHOro MoayJis Ta ii momanbuioi
Bizyasizaliii. MeTo po60oTu € po3pobsieHHs MiAX0ny, SIKUil 103B0JIsie GOpMaizyBaTU CTPYKTYPY IPOrpaMHoi
CHACTEMHU, aHAJIi3yBaTH ii apxXiTeKTypy Ta BUSBJIATU [IOTEHLiNHI IPO6JeMHU IPOEKTYBAaHHS BUKJIIOYHO HA OCHOBI
BUXiZHOTO KOy 6€3 BUKOPUCTaHHS J0AaTKOBOI foKyMeHTalii, UML-niarpam abo py4HOTO ONUCY apXiTeKTypH.

[TokaszaHo, o 6i1bIIICTh HAsSIBHUX 32CO0iB aBTOMATU30BAHOI0 aHAJIi3y KOy 30CepepKeHi Ha BUSBJIEHH] JIOKAJIbHUX



CHMHTAKCHMYHUX 260 CEMaHTUYHUX IIOMUJIOK, TOA] SIK aHaJli3 3arajbHOi CTPYKTYPU CUCTEMHU Ta B3aeMOJ] ii
KOMITOHEHTIB [TOTpebye 3HAUHUX PYYHUX 3yCUJIb, @ PE3YJIbTAaTU aHali3y NOJAI0ThCs Y GOpMi, MaIONPUAATHIN 1151
L1iJliCHOTO CIIPUMHSATTS JII0MHOI0. TpaguiiiHi METPUKY 3B’13HOCTI, 3TypPTOBAHOCTI Ta CKJIAJHOCTi He 3a0€3I1e4yI0Th
IOCTaTHbOI HAOYHOCTI 7151 aHaJIi3y CKJIaHUX apXiTeKTyPHUX B3a€MO3B'3KiB. 3aIIpOIIOHOBAHO MO/IeJb apXiTEKTYPHU
[IPOrPaMHOrO 3a6e3MeyeHHs y BUIJIS OPiEHTOBAHOTO 3BasK€HOro rpada, BepIINHY SIKOTO BifIIOBIialOTh TUIIAM
IAHUX, I10JIIM i MeTo/iaM, a pebpa — JeKJIapaTUBHUM (HAJIEXKHICTb, HACiyBaHHSI) Ta TOBEJiHKOBUM (BUKJIUKU
METO/IiB, BUKOPUCTAHHS TUIIIB, IOCTYII [0 I0JIiB) 3aJIEXKHOCTSIM. Baru pedep Bino6pakaloTb iHTEHCUBHICTb
B3a€MOJIil MK KOMIIOHEHTaMU. MoOJiesIb J03BOJISIE IIEPENUTHU Bifl TEKCTOBOIO IIPECTABIIEHHS KOLY 10
dbopmanizoBaHOi CTPYKTYPH, IPUIATHOIL IJ1s1 aITOPUTMIYHOI 06POOKY, aHasli3y Ta Bisyasizauii, i € yHiBepcasibHOIO
L7151 afanTallii 1o pisHUX MOB IIporpamyBaHHs. ONKXCaHO METOJ, aBTOMAaTU30BaHOI [100y10BY MOAei 1151 MOBU Swift
Ha OCHOBI rpadpa cumboiB SymbolKit. Po3po61eH0 MeTOIM aBTOMATHU30BAHOTO BUSBIJIEHHS aPXiTEKTYPHUX
aHOMaJIil, NOB'SI3aHUX i3 IOPYLIEHHSM 3B'SI3HOCTI, 3ryPTOBAHOCTI Ta HASIBHICTIO UIMKJIIYHUX 3aJI€5KHOCTE, HA OCHOBI
CTaTUCTUYHOTO aHaJli3y XapaKTepuCTUK rpada. JleTeKkTop BU3Ha4ya€ BiIXxUIeHHs BiITHOCHO TUIIOBUX 3HaY€Hb
KOHKPETHOI CMCTeMH, 110 3abe3Ieuye aalTUBHICTb 6€3 XOPCTKO 3alaHuX Noporis. ITinxin anpo6osaHo Ha
peasbHOMY Swift-3aCTOCYHKY 3 MiATBEPAKEHHSIM BUSBJIEHUX aHOMAJiH aHai30M BUXiTHOTO Kony. Iiis Bizyasnizanii
rpadoBoi MoziesTi BUKOPHCTAHO CUJIOBUI aJIFTOPUTM PO3MIllEHHS, 110 3MEHIIIye KOTHITYBHE HaBaHTa KEeHHSI IIif] yac
aHasli3y CKJIaIHUX 3aJIeXXHOCTEN. 3allpOIIOHOBAHO 3aCTOCYBaHHS IpadoBUX HEHPOHHUX MEPEX SIK €BPUCTUKU 117151
(POpMyBaHHS IOYATKOBOTO PO3MillleHHS BEPLINH, 1O MifBUIIY€E MBUAKOAI0 OOYO0BU Bidyasisalii 6e3 NoTripleHHs
ii untabenbHOCTI. Ha Bubipui 3 44 Swift-npoekTis niATBepI)KeHO NOBHY CTabili3allilo pe3ysbTaTiB Ta CKOPOYEHHS
yacy nobyznosu layout 1o 58 % pnJis rpadis cepeiHbOro po3mipy. IIpakTUYHUM pe3ysIbTaToM POOOTU € IPOrPaMHUIN
komiiekc A.D.A.R. (Architecture Displayer in Augmented Reality), peanizoBanuii sik Ha6ip moayis Swift Package
Manager i3 piBHEM NOKpPUTTS TecTamu 95 %, iHTErpOBaHUI B iIHCTpYMEHTapill po3po6HUKa Yepe3 SPM-narinu ta
IOTIOBHEHUI1 3aCTOCYHKOM-TIeperJIsiaueM 3 MigTPUMKOI0 6araToKOpPUCTyBalbKUX AR-ceciil. Bukopructanss
IIPOCTOPOBOI Bidyaisdalii Ta JOIIOBHEHOI peaslbHOCTI CIIPOILY€E CIIPUMHSATTSA CKIaLHUX 3aJI€KHOCTEN MK
KOMIIOHEHTaMU Ha iHTYiTUBHOMY DPiBHi. Pe3ysibTaTii MOXYTh 3aCTOCOBYBATUCS JIJI aHAJIi3y KOCTi TPOTPaMHOI0
3a6e3neyeHHs1, pe(akTOPUHTY, CyIPOBOY IPOTPaMHUX CUCTEM Ta Y HaBYaJIbHOMY Ipoueci. JocmimKeHHs
IIPOBOJIMJIOCS B paMKax HayKoBux TeM Kadenpu inpopmatrku HaVKMA «Mogesi Ta MeTogu MallMHHOTO HaBYaHHS
B IPUKJIaAHMUX 3aga4ax» (N2 nepxpeectpauii 0123U102430) Ta «AHasi3 BeJIUKUX 00'€MiB IaHUX B P€AJIbBHOMY PEXUMI
qacy» (N® gepxkpeectpanii 0118U000647). Kito4oBi c10Ba: apXiTeKTypa NporpamMHoro 3a6e3nedeHHs, IporpaMHe
3abe3nedyeHHs, rpad 3aJIeXKHOCTeN, CTATUYHNN aHali3, BUSIBJIEHHS aHTUIIATEPHIB, rpadoBa HEMPOHHA Mepexa,
IIOIIOBHEHA PEaJIbHICTh, aBBTOMATU30BaHa Bidyaslisalligd apxiTeKTypy, HEMPOHHI MepeXi, ITYy4HUI iHTEJIEKT,
004YMCIIIOBaIbHA CKIIAIHICTD, AiaMeTp rpada, abCTpaKTHE CUHTAKCUYHE NIepPEBO, KOTHITUBHE HABAHT)KEHHS,

CUJIOBUM aJITOPUTM PO3MIILIEHHS.

2. Frankiv O. O. Automated Analysis and Augmented Reality Visualization of Software Module Architecture for
Anti-Pattern Detection. - Qualification scientific work submitted as a manuscript. PhD thesis to obtain the degree
of Doctor of Philosophy in the Programme Subject Area 122 «Computer Science» (12 — Information Technologies).
— National University of Kyiv-Mohyla Academy, Kyiv, 2026. The dissertation is devoted to solving the relevant
scientific and applied problem of software architecture analysis based on the automated construction of a graph
model of a software system and its further visualization. The primary objective of the research is the development
of an approach that enables formalization of software structure, architectural analysis, and detection of potential
design problems using only source code without requiring additional documentation, UML diagrams, or manually
created architectural descriptions. It is shown that most existing automated code analysis tools focus on detecting
local syntactic or semantic errors, whereas the analysis of global software structure and component interactions
requires substantial manual effort, and analysis results are presented in a form poorly suited for human
perception. Traditional metrics of coupling, cohesion, and complexity do not provide sufficient clarity for
analyzing complex architectural relationships. An approach to representing software architecture as a directed
weighted graph is proposed, in which vertices correspond to data types, properties, and methods, while edges
represent declarative (ownership, inheritance) and behavioral (method invocations, type usage, field access)



dependencies. Edge weights reflect the intensity of interactions between components. The model transforms the
textual representation of source code into a formalized structure suitable for algorithmic processing, analysis, and
visualization, and is sufficiently generic to be adapted to different programming languages. An automated model
construction method for Swift based on the SymbolKit compiler symbol graph is described. Methods for
automated detection of architectural anomalies related to high coupling, low cohesion, and cyclic dependencies
are developed based on statistical analysis of dependency graph characteristics. The detector identifies deviations
relative to the typical values within a specific system, ensuring adaptability without hard-coded thresholds. The
approach is validated on a real Swift application, with detected anomalies confirmed through source code analysis.
A force-directed layout algorithm is used for graph model visualization, reducing cognitive load during the analysis
of complex dependencies. A graph neural network is proposed as a heuristic for generating initial node placement,
which improves visualization performance while preserving readability and aesthetic quality. On a dataset of 44
Swift projects, complete stabilization of results is confirmed along with layout construction time reduction of up to
58% for medium-sized graphs. The practical result of the dissertation is the A.D.A.R. (Architecture Displayer in
Augmented Reality) software system, implemented as a set of Swift Package Manager modules with 95% test
coverage, integrated into the developer toolchain through SPM plugins, and complemented by an AR viewer
application with multi-user session support. The use of spatial visualization and augmented reality technologies
simplifies perception of complex relationships between software components at an intuitive level. The results can
be applied to software quality analysis, refactoring, maintenance support, and in education. The research was
conducted within the scientific topics of the Department of Computer Science of the National University of Kyiv-
Mohyla Academy: "Models and Methods of Machine Learning in Applied Problems" (State Registration No.
0123U102430) and "Analysis of Large Data Volumes in Real Time" (State Registration No. 0118U000647). Keywords:
software architecture, software, dependency graph, static analysis, anti-pattern detection, graph convolutional
network, augmented reality, automated architecture visualization, neural networks, artificial intelligence,
computational complexity, graph diameter, abstract syntax tree, cognitive load, force-directed layout.
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HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Comnia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH TeMaMH: 0118U000647 0123U102430

VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. T'nu6oBelb MuKojia MuKojiaiioBuy

2. Mykola Hlybovets

KBasigikamis: 1. ¢.-m. ., npodecop, 01.05.03

InenTudikarop ORCID ID: 0009-0005-6942-8026

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: Hauionanbuuii yHiBepcutet "KueBo-MorunsgHcbka akagemis'”
Kopg 3a €IPIIOY: 16459396

Micue3Haxoa>KeHHSI: By . CkoBopoau, Kuis, 04070, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR: 03wfca8l6

VII. BinzomocTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3€HTIiB
OdiuiiiHi oIOHEHTH

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:

1. KostkeBud I'puropiin Mukosnainosud

2. Grygoriy Zholtkevych

KBasigikanis: n. 1. u., npodecop, 05.02.08

Imentudikarop ORCID ID: 0000-0002-7515-2143



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUANYHOI 0COOH: JIbBiBCHKMI HALIOHAILHUI YHiBEpCUTET iMeHi IBana Opanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHIBEPCUTETCHKA, JIbBiB, 79000, YKpaiHa

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. TToropinuii Cepriit leM'stHOBUY

2. Sergiy Pogorilyy

KBasigikamis: 1. 1. u., npodecop, 05.13.05
InenTudikarop ORCID ID: 0000-0002-6497-5056
HoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIHUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[leByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonognmupceka, Kuis, 01033, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. 'yvaesa Harasist MuxaiiiBHa

2. Nataliya Gulayeva

KBasigikamis: k. ¢.-m. 1., gow., 01.05.03

ImenTudikarop ORCID ID: 0000-0003-4588-0702

JoparkoBa indpopmamist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0CO0OM: HanjoHambHuit yHiBepcuret "KueBo-MorunsgHcbKa akagemis”
Kopg 3a €IPIIOY: 16459396

Micue3Haxoa KeHHS: sy [. Ckosopoau, Kuis, 04070, Ykpaina

dopma B1aCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

Inentudikarop ROR: 03wfcasl6



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Oneupkunt Osekciit BitanifioBuu

2. Oleksiy Oletsky

KBasigikanis: . . 1., gou., 05.13.06

ImenTudikarop ORCID ID: 0000-0002-0553-5915

JoparkoBa iHdopmamist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COOM: HaujoHambHuit yHiBepcutert "KueBo-MorunsgHcbKa akagemis”
Kopg 3a €IPIIOY: 16459396

Micue3Haxoa KeHHS: By [. CkoBopoau, Kuis, 04070, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: 03wfcasl6

VIII. 3ak1104Hi BiZOMOCTI

Bsiacue IlpisBume Im's I1o-6aThKOBI Oniftink Bornana Birasiisna
rOJIOBH pagu

Bsiacue IlpisBume Im's ITo-6aThKOBI Onitiink Bornana Biraziisna
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHUH 32 MiZITOTOBKY Bacenko Onena EnyappisHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop [Opuenko TersiHa AHaToJiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHarosiiBHA

OisSIIBHOCTI




