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Pedepar:

1. Po60Ty MpUCBSIYEHO BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIAMIHOI 3a7ja4i, sIKa [10JIsIrae y MifgBUILEHH]
e(eKTUBHOCTI Ta JOCTOBIPHOCTI POLECY MOJI€JIbHO-OPi€HTOBaHOI PO3POOKHU CKJIaJHUX IPOTPAMHUX CUCTEM
IJISIXOM PO3POOKM HayKOBO-METOLMYHOTO anapary Ta iHCTPyMEHTaJIbHUX 3aCO0iB 117151 3a06€311€4E€HHS FapaHTOBAHOI
KoHcucTeHTHOCTI UML-Mopesen. AKTyabHICTb TEMU JOCIIIPKEHHS BU3HAYAETHCS HAABHUM IIPOTUPIYUSIM MK
BMMOramu 110 ¢opmasnbHoi ctporocti mogenein UML, sika TpaguLiiiHO 3a6e3nevyyeTbes cTangaprom XMI, ta
noTpeboIo y rHYYKOCTI U iHTerpauii 3 cydacHUMH iTepaTUBHUMU IPOLiecaMu po3poOKH, Jie epeBary MaioThb
JierkoBarosi ¢popmaTti, Taxi sik JSON. Lleit KoHQJIIKT IPU3BOAUTH O PO3PUBY MiXK IIPOEKTHOIO0 MOAEJIIIO Ta i
peasizallielo, IPOBOKYIOUM apXiTeKTYpHUI Apei( Ta HAKONMNYEHHS IPUXOBAaHUX apXiTEKTYPHUX NeEeKTiB, 110
€KCIIOHEHIIiITHO 306iJIbIllye BapTiCTb CYITPOBOAY IIPOrPAMHOrO 3a6€31e4eHHsl. BCTaHOBJIEHE IPOTUPIvYs 10TAEThCS
IJIIXOM PO3POOKK HOBOTO IiTXOAY, 110 MO€NHY€E IHy4KicTb popmarty JSON 17151 onucy CTaTUYHOI CTPYKTYPU Ta



¢opmanbHy crporicte XMI 1715 MOBEAiHKOBOI CEMAHTUKU B PaMKax €JIMHO], 11i/liCHOI Ta rapaHTOBAHO Y3TO/I>KEHOI
MogeJii 3 IBoMa MOJaHHSIMU. MeToIo po60TH € MifBUILeHHS e(PEeKTUBHOCTI Ta JOCTOBIPHOCTI MPOLeCcy MOAEIbHO-
OPi€EHTOBaHOI PO3POOKM CKIAAHUX [IPOIPAMHUX CUCTEM LIJISIXOM PO3POOKM HAyKOBO-METOMYHOTO arnapary Ta
iHCTpYMEHTaJIbHUX 3aCO0iB [1J1s 3a6€3MeYeHHs rapaHTOBaHOI KOHCUCTeHTHOCTI UML-Mopesnen 3 1BOMa NOJAHHIMUA
(ctpykTypHUM y dpopmari JSON Ta nosezninkosum y popmari XMI). HaykoBa HOBU3HA OJlep>KaHUX Pe3YJIbTATiB, SKi
BHHOCSITBCSI Ha 3aXUCT, [10JIsITa€ Y HACTyIIHOMY. Bniepiue po3pob6sieHo ¢popmanbHy metamogiesib UML, sika 0Xomiioe
CTPYKTYpHE Ta II0BEiHKOBE I10JJaHHS, Peasi3oBaHi Ha OCHOBi KOM6iHOBaHOrO BUKOpUCTaHHs ¢popmaTiB JSON Ta
XMI BinnoBigHoO, SIKi JIOTiYHO MOB'sI3aHi MK c06010 Yepe3 (popMasibHO BU3HAYEHE BifHOIIEHHS BifIIOBiIHOCTI; Ol
L[MX [I0J1aHb CPOPMYJIbOBAHO Ta y3araJbHEHO Mifgxoau 1o ix dopmanizauii (111 JSON) Ta npaBus npencTaBieHHs U
Basipauii (my1g XMI). Ha Bigminy Bif icHyl04MX NigXoAiB, 110 BUKOPUCTOBYIOTh MOHOJIITHI 260 ITponpieTapHi
(dopmary, 3alIpoONOHOBaHA METAaMO/IEJIb OLHOYACHO 3a0e3nedye KoMIakTHe Ta VCS-apy>kHe 36epiraHHs CTaTUYHO]
CTPYKTYPH, aJaNITOBaHy [0 YaCTUX i LIBUAKUX 3MiH, Ta MITPUMKY CTaHAapTHOro XMI-nipencraBieHHs 114
IVHaMiYHUX acIeKTiB, 1110 3a6e3redye sIK CYMICHICTb i3 iCHyI0OUMMU iHCTPYMEHTaMU MOZEJII0BaHHS, TaK i eeKTUBHY
iHTerpauilo B cydacHi iTepaTuBHi Ipolecu po3pooKu. Briepiie 3anporoHOBaHO METOJ, aBTOMATHU30BaHOIO
3abe3nedyeHHs KoHcucTeHTHOCTI UML-Moperi, mo6ynoBaHoi 3a MPpUHIMIIOM ABOX I10AaHb. MeTon pyHKLiOHYy€e Ha
OCHOBIi (popMasIbHO BU3HAUEHOTO BiJHOLIEHHS BiJTIOBIIHOCTI Mi’K CTPYKTYPHUMH Ta I1OBEIiHKOBUMU €JIeMEHTaMU
Ta 6asyeTbcs Ha 3actocyBaHHi OCL-iHBapiaHTiB 17151 Bepudikalii 1okanbHOi Ta I7106a/1bHOI y3roJyKeHOCTi MoJeneil
IIpY iHKPEMEHTAJILHOMY pefiaryBaHHi. [lyig nogosanHs oomexxeHb OCL, BiH TakoX BKJIIOYA€ JBOCTYIIEHEBUN MiAXif 3
TpaHcopmarniero mogeniy cnenudikaniio Alloy nys rmubokoi Bepudikatii 3a nornomoroi SAT-Bupimysayvis. Ha
BiMiHY BiJ BiloMux MeTO[IiB Bajifallii, 3alIpONIOHOBAaHMI METOJ, I03BOJIsIE IPOBOIUTY ITINO0KY POPMaTbHY
Bepudikalio CKIaHUX TPAaH3UTUBHUX BJIACTUBOCTEN Ta aBTOMATUYHO T'eHEPYBaTH KOHTPIIPUKIIAIN OJ1s1 e EeKTiB,
110 MiABUIILYyE TOYHICTb i TOBHOTY BUSBJIEHHS CEMAaHTUYHUX HEY3TOIKEHOCTEN. Briepiie copmysibOBaHO Ta
IIOBEJ€HO TeOpeMy iHKpEMEHTaIbHOI KOHCUCTEHTHOCTI, SIKa rapaHTye, 10 6YIb-sKa IOCiIOBHICTh LOMYCTUMUX
3MiH HaJl CTPYKTYpPHUM a00 NOBEJiHKOBUM IIOJIAHHSIM, 32 YMOBU BUKOHAHHS JIOKali30BaHuX nepesipok OCL-
iHBapiaHTiB, 30epirae ri106a1bHy y3roIpKEHICTb MOZEJIi B MeXKax (POpMasIbHOTO BilHOIEHHS BianosigHocTi. Ha
BigMiHY BiJ TpagnLifHUX MiTXOMiB OBHOI nepeBipku (3i ckiannicTio O(N)), Lie 03B0JIsIE TEOPETUIHO OO PYHTYBATU
KOPEKTHICTb Ta OOYMCIIIOBaIbHY ePeKTUBHICTD (3i cknagHicTio O(k-d)) iHKpeMeHTaJbHUX METOJiB Baslifallii, 3aBIsIKU
YOMY MOJKJIMBE CTBOPEHHS iHCTPYMEHTIB, npupatHux 1 inrerpauii B CI/CD ta IDE. OTpumMas noganbmui
PO3BUTOK METOJ, ABOCTOPOHHBOI CUHXPOHI3allil, 10 peasni3oBaHUN 4Yepe3 MEXaHi3M iHKDEMEHTAJIbHUX OHOBJIEHD Ta
JIOKasi30BaHOI epeBipKy KOHCUCTEHTHOCTI, SIKa I'PYHTYEThCS Ha popMmasibHOMY rpadi 3aneskHocTtel i3
3aIpPOIIOHOBAHOI0 Kilacu(ikaliielo oro pedep Ha CTPYKTYPHi, CEMaHTU4HI Ta TpacyBajbHi. OCOBJIMBICTIO
PO3pO6JIEHOrO METOAY € MOEHAHHS aBTOMAaTUYHOTI'O BUSIBJIEHHS KOHQJIIKTIB, (POpMasi30BaHMX IIPaBUI
Tpancdopmalii Mogesnen i NigTPUMKY B3aeMHOI aKTyaIbHOCTi 060X MOJIaHb y peasibHOMYy 4Yaci. Ha BinmiHy Bif
iCHyI0YMX IiXOMiB, 110 YACTO € OGHOCIPSIMOBAaHUMU ab0 MOKJIAAAI0ThCS Ha pyYyHe BTPY4aHHsI, 3alIpOIIOHOBAHUIN
METOJ], 3a0e3Ieyye IPOaKTUBHY MiATPUMKY Y3roJIKEHOCTI B 060X HalPsIMKaXx, 10 J03BOJIsIE O4HOYACHO BHOCUTH

3MiHM 5K 3 60Ky KOAY, TaK i 3 60Ky MOJieJli, 3a1106iraiour apxiTeKTypHOMY Apeidy.

2. The dissertation is devoted to solving a relevant scientific and practical problem, which consists in improving
the efficiency and reliability of the model-driven development process of complex software systems by developing
a scientific and methodological framework and tools to ensure guaranteed consistency of UML models. The
relevance of the research topic is determined by the existing contradiction between the requirements for the
formal rigor of UML models, traditionally provided by the XMI standard, and the need for flexibility and integration
with modern iterative development processes, which favor lightweight formats such as JSON. This conflict leads to
a gap between the design model and its implementation, causing architectural drift and the accumulation of
hidden architectural defects, thereby exponentially increasing software maintenance costs. The identified
contradiction is resolved by developing a new approach that combines the flexibility of the JSON format for
describing static structure with the formal rigor of XMI for behavioral semantics within a unified, holistic, and
consistently guaranteed model with two views. The aim of the work is to improve the efficiency and reliability of
the model-driven development process of complex software systems by developing a scientific and



methodological framework and software tools to ensure the guaranteed consistency of UML models with two
views (a structural view in JSON format and a behavioral view in XMI format). The scientific novelty of the results
presented for defense lies in the following: For the first time, a formal UML metamodel has been developed that
covers structural and behavioral views implemented based on the combined use of JSON and XMI formats,
respectively, which are logically linked through a formally defined correspondence relationship. Approaches to
their formalization (for JSON) and representation and validation rules (for XMI) have been formulated and
generalized for these views. Unlike existing approaches that use monolithic or proprietary formats, the proposed
metamodel simultaneously provides compact and VCS-friendly storage of static structure, adapted to frequent and
rapid changes, and support for standard XMI representation for dynamic aspects, ensuring both compatibility with
existing modeling tools and effective integration into modern iterative development processes. For the first time, a
method for automated consistency assurance of a UML model built on the principle of two views is proposed. The
method operates on the basis of a formally defined correspondence between structural and behavioral elements
and is based on the use of OCL invariants to verify the local and global consistency of models during incremental
editing. To overcome the limitations of OCL, it also includes a two-step approach with model transformation into
an Alloy specification for deep verification using SAT solvers. Unlike known validation methods, the proposed
method allows for deep formal verification of complex transitive properties and automatic generation of
counterexamples for defects, which increases the accuracy and completeness of semantic inconsistency detection.
For the first time, the incremental consistency theorem has been formulated and proven, which guarantees that
any sequence of permissible changes to the structural or behavioral view, subject to localized checks of OCL
invariants, preserves the global consistency of the model within the formal correspondence relation. Unlike
traditional full verification approaches (with O(N) complexity), this allows us to theoretically justify the correctness
and computational efficiency (with O(k-d) complexity) of incremental validation methods, making it possible to
create tools suitable for integration into CI/CD and IDE. The method of two-way synchronization has been further
developed, implemented through a mechanism of incremental updates and localized consistency checking, which
is based on a formal dependency graph with the proposed classification of its edges into structural, semantic, and
tracing ones. A distinctive feature of the developed method is the combination of automatic conflict detection,
formalized model transformation rules, and real-time support for the mutual relevance of both representations.
Unlike existing approaches, which are often unidirectional or rely on manual intervention, the proposed method
provides proactive support for consistency in both directions, allowing simultaneous changes to be made on both
the code and model sides, preventing architectural drift.
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