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Hiximuenxo M. I. Meroau 3a0e3NedyeHHs] KOHCUCTEHTHOCT1 MOJIeeH MporpaMHUX
CUCTEeM B IHKPEMEHTAJbHUX TMpollecax po3poOKu Ta 3acobu iX iHTerpamii 3
IHCTpyMEHTaJIbHUMU cepefoBuiiiaMu. — KamidikaiiiiHa HaykoBa mpars Ha IIpaBax
PYKOTIHCY.

Huceprairist Ha 3700y TTsI HAYKOBOTO CTYMEHS TOKTOpa (imocodii 3a creriaabHICTIO
121 Imxenepis mporpamHoro 3a0esneueHHs. — HamionaneHuii yHiBepcuteT «Opechka
noJiiTexHikay MiHicTepcTBa OCBITH 1 Hayku Ykpainu, Opxeca, 2025.

Po6oTy mpuCBAYEHO BUPIIICHHIO AKTyalbHOI HAYKOBO-TPUKIIAIHOI 3ajadyi, sKa
MOJISITA€ y MiABUIIECHH] €(EKTUBHOCTI Ta JOCTOBIPHOCTI MPOIIECY MOJEIBHO-OPI€EHTOBAHOL
PO3pOOKH CKIAQAHUX MPOTPAMHHUX CHUCTEM MUIAXOM PO3POOKH HAYKOBO-METOJUYHOTO
amapary Ta IHCTpyMEHTaJIbHHUX 3ac001B JJIs 3a0€3MeYeHHS FapaHTOBAHOT KOHCUCTEHTHOCTI
UML-monenei.

AKTyaJbHICTh TEMHU JOCHKEHHS BHU3HAYAETHCS HASBHUM MIPOTHUPIYYSAM MIXK
BUMoramu 1o ¢opmaiibHOi ctporocti mozeneit UML, sika TpamuiiiiHO 3a0e3medyeThes
ctagaaproM XMI, Ta nmoTpe0or0 y THy4KOCTI ¥ 1HTerpamii 3 Cy4aCHUMH 1TEpaTUBHUMHU
mpoiiecaMu po3poOKH, Jie TmepeBary MarTh JierkoBaroi (gopmaru, Taki sik JSON. Llew
KOH(DJIIKT TPHU3BOAUTH JO PO3PUBY MIXK TMPOEKTHOI MOCIUII0 Ta 1i peani3ali€ro,
MPOBOKYIOUM apXITeKTYpHUH JApeid Ta HAKOMMUYCHHS TMPUXOBAHUX apXITEKTYPHHUX
nedeKTIB, 10 eKCTIOHEHIIIMHO 301TBIITY€E BapTICTh CYNPOBOY MPOTPAMHOTO 3a0€3MeYCHHS.
BcranoBiene mpoTupidusi JOJAETHCS MUISIXOM PO3POOKH HOBOTO MIAXOMIY, HIO MOETHYE
rHy4KicTh popmary JSON 17151 onKcy CTaTUYHOI CTPYKTYPH Ta GopMalibHy cTporicTb XMI
JUTSI TIOBEJIHKOBOI CEMAHTHKH B paMKax €IWHOI, IIJTICHOI Ta TrapaHTOBAHO Y3TOIKEHOI
Mozen 3 JABoma mnoaaHHsmu. Lleir migxim 3a0e3neuye e(EKTUBHY MEpEBIPKY
KOHCHUCTEHTHOCTI B yMOBaX Cy4dacHOi iTepatuBHOi po3poOku. lle HaOyBae ocobimBOro
3HAUYCHHS B KOHTEKCTI aBToMartu3arii mporeciB DevOps, 103BOJSIOUN TO0JIATH
1305boBaHICcTh KiIacuuyHux CASE-3aco6iB Big koHBeepiB CI/CD. Biarak, 3ampornoHoBaHe
pIIIICHHST YMOXJIMBIIIOE peanmizaiito crparerii «shift-lefty, BusBmstoun apxiTektypHi

MTOMUJIKM Ha paHHIX CTaAisX 0€3 CIIOBUILHEHHS TEMITIB HAlMCaHHS KOJTY.



MeTo10 poOOTH € MiABUIICHHS €PEKTUBHOCTI Ta JOCTOBIPHOCTI IPOLIECY MOAEIHHO-
OpPIEHTOBAHOT PO3POOKM CKIIAJHUX MPOTPAMHUX CHCTEM IUISXOM PO3POOKH HAyKOBO-
METOJIMYHOTO arapary Ta 1HCTPYMEHTaJIbHUX 3ac001B AJig 3a0e3MeUeHHs TapaHTOBaHOI
koHcucteHTHOCTI UML-Mopeneit 3 nBoma noganHsmu (CTpykTypHuM y dopmati JSON Ta
noBeIIHKOBUM Yy hopmati XMI).

JJ1st TOCSITHEHHSI TOCTaBIEHOI MeTH OYJ10 c(hOpMYIILOBAHO Ta BUPILIECHO TaKi 3aaui:

— [IpoBeneno anami3z mpobnemu 3abe3nedeHHs KoHcHcTeHTHocTi UML-moneneid,
icHytounx QopmatiB ix 30epiranus Ta QyHkuioHanbHOCTI cydacHux CASE-3aco6iB ams
BUSIBJICHHS 1X ICHYIOUMX HEIOJIKIB Ta OOIPYHTYBaHHS KOMOIHOBAHOIO TIIX0ay 3i
CTPYKTYpPHHUM Ta MOBEAIHKOBUM MOJaHHIMHU. J{01aTKOBO 0y710 chopMyIboBaHO (popManbHy
KiIacuikailo TOMWIOK HEY3TOPKEHOCTI MK CTPYKTYPHMMH Ta TIOBEIIHKOBUMU
MOJAHHIMU JIJI1 OOTPYHTYBAHHS aKTyaJIbHOCTI ITPOOJIEMHU.

— Po3pobnieno  popmansny wmeramozens UML 3 1aBoma NOAAHHSIMH, UIO
MaTeMaTUYHO OIMUCYE CTPYKTYPHE Ta MOBEAIHKOBE MOJaHHS, Ta BCTAHOBJICHO B1JHOIIICHHS
BIJIMOBITHOCTI M1 HUMU. JlJiT CTPYKTYpHOTO MOAaHHS Oyi0 chopMOBaHO y3arajabHEHUN
M1JIX1]] 10 Horo BigoOpa)keHHsI, 11eHTudikallii eJ1eMeHTIB Ta 1BOpiBHEBO1 Bamiaaiii y JSON;
JUTSL TIOBEIHKOBOTO TIOJIAaHHS TaK caMo OyJIM BH3HAUCHI Ta OINMCAHI y3arajlbHEHI IpaBujia
Horo mpexacrasieHHs 4depe3 npodute UML, TpacyBaHHS 0 CTPYKTYpH Ta NEPEBIPKU
dbopmanbaux iHBapiaHTiB y XMI. [JomatkoBo, nis 1iei metamoseni 0yno chopmyiboBaHO
HaOip mpaBui KoHcUcTeHTHOCTI MOBOI0O OCL Tta oOrpyHTOBaHO iX TpaHchopmarliio 10
dhopmanizmy, NpUIaTHOTO JIJIsi aBTOMAaTU30BaHO1 Bepudikalii 3a gornomororo Alloy.

— Po3po0rieno meTos; aBTOMAaTH30BaHOrO 3a0e3MeueHHs] KOHCHCTEHTHOCTI, SIKUN
6a3yeTbcst Ha KoMOiHOBaHOMY 3actocyBaHH1 OCL-1HBapiaHTIB [JIsl TIEPEBIPKU MPABUII Ta
Tpancopmariii 10 dopmanizmy Alloy mist rimmbokoi Bepudikaiii. ChopmyiboBaHO Ta
JIOBEICHO TEOpPEMY 1HKPEMEHTAJIbHOT KOHCHCTEHTHOCTI, SIKa TEOPETHYHO OOTPYHTOBYE
METO/i 1HKPEMEHTaJIbHO1 BaJliJlalii Ha OCHOBI rpada 3aJeXHOCTeN 3 KIacHU(PIKOBAHUMHU
pebpamu. Takox po3po0JICHO METOJ JBOCTOPOHHBOI CHHXPOHI3allli Ta aJlropuTMU
TpaHchopmarlii Mi>k MOHOJIITHUM TIoJIaHHAM Y popmati XMI Ta 3arrpornoHOBaHOI0 MOJIEIITIO
3 IBOMa MOIAHHIMU J1J1s1 3a0€3M€YEeHHS] CYMICHOCTI 3 ICHYIOUUMH 1HCTPYMEHTAMHU.

— Po3pobiieHo apxiTekTypy Ta peai30BaHO MPOTOTHUIT MPOTPaMHOrO TUIAriHa, IO



BTUTIOE 3alpOIOHOBaHI METOIM, Ta TPOBEICHO EKCIEPUMEHTAIbHY OIIHKY WOTO
e(EeKTUBHOCTI ¥ MPOYKTUBHOCTI y MOPIBHSAHHI 3 ICHYIOUMMHU IPOMHUCIIOBUMHU aHAJIOTaMHU.

HaykoBa HOBH3HA OJIep>KaHUX PE3YNbTATIB, Kl BUHOCSTHCS HA 3aXHCT, MOJSATAE Y
HACTYITHOMY.

— Bnepuwe po3pobneno hopmaiibny Mmeramozesib UML, sika 0XOIUTIOE CTPYKTYpHE Ta
MOBEIIHKOBE TOJaHHs, peali3oBaHl Ha OCHOBI KOMOIHOBAaHOTO BUKOPHCTAaHHS (OpMaTiB
JSON Ta XMI BiamoBigHO, SKi JOTIYHO MOB’s3aH1 M1k c000I0 uepe3 (popmManbHO BU3SHAUCHE
BITHOIIICHHS BIJIMTOBITHOCTI; TS WX TI0JIaHb CPOPMYIIBOBAHO Ta y3araJIbHEHO IMIIX0IU 10
ix popmanizamii (st JSON) Ta npasui npencrasienns i Bamiaaunii (ayis XMI). Ha Bigminy
B1Jl ICHYIOUMX HIAXOAIB, II0 BHUKOPHUCTOBYIOTh MOHOJITHI a00 mpompieTrapHi (opmarti,
3alpolOHOBaHA MeETaMoJleldb OJHOYAcCHO 3abe3nedye KommakTHe Ta VCS-apyxHe
30epiraHHsl CTATUYHOI CTPYKTYpH, aJIallTOBAHy J0 YaCTHX 1 MIBUJKUX 3MIH, Ta MIITPUMKY
crangaptHoro XMI-nipeacTaBiaeHHs JUisi JUHAMIYHUX acCleKTiB, 10 3a0e3neuye sk
CYMICHICTb 13 ICHYIOUMMHU IHCTPYMEHTaMH MOJICTIOBAHHS, TaK 1 €PEKTUBHY 1HTErpalliio B
Cy4acHI ITE€paTUBHI MPOIIECH PO3POOKH.

— Bnepuwe 3anpPonoOHOBAHO METOJ aBTOMATHU30BAHOI'O 3a0e3MeYeHHs
koHcucteHTHOCTI UML-Moneni, moOynoBaHOi 3a TPUHIMIIOM JIBOX TOJaHb. Meton
(yHKLIOHYE Ha OCHOBI (hOPMAJIbHO BU3HAYEHOI'O BIJHOIICHHS BIAMNOBIAHOCTI MIX
CTPYKTYPHUMHU Ta TOBEIIHKOBUMH eJeMeHTaMu Ta 0Oa3yeThcsi Ha 3actocyBanHi OCL-
1HBapiaHTIB 171 Bepu@ikailli JOoKadbHOI Ta TriI00adbHOI Y3TOKEHOCTI MOENEH Mpu
IHKpeMEeHTallbHOMY penaryBaHH1. [ nogonanHs oomexenb OCL, BiH Takox BKIIIOYA€E
JBOCTYIIEHEeBUH MiaXia 3 TpaHchopMaliero Moaenl y crenudikaiio Alloy mis rmmbokoi
Bepudikarrii 3a jonomororo SAT-BupinryBauiB. Ha BiaMiHy Bij BIIOMHUX METO/1B Bajigallli,
3aMpONOHOBAHUI METOJ| JI03BOJISIE TMPOBOAUTH TIMOOKY (opMalibHy Bepudikalio
CKJIQJIHUX TPAH3UTHUBHUX BIACTUBOCTEH Ta aBTOMAaTUYHO T'€HEPYBATH KOHTPIPUKIAIN TS
ne(dEKTIB, 110 MiBUIIYE TOUYHICTD 1 TOBHOTY BUSBJICHHS CEMaHTUYHUX HEY3TOJI)KEHOCTEH.

— Bnepwe  cpopmynvosano  ma  0ogedeno  TEOpEeMy  IHKPEMEHTAIBHOI
KOHCUCTEHTHOCTI, SIKa TapaHTye, 110 Oylb-siKa MOCTIAOBHICTh JOMYCTUMHUX 3MIH HaJ
CTPYKTYpHUM a00 TOBEAIHKOBUM TOJaHHSM, 33 YMOBH BHKOHAHHS JIOKaJli30BaHUX

nepeBipok OCL-iHBapiaHTIiB, 30epirae ri100aJbHy Y3TOJKEHICTh MOJENl B MEKax
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(hopMaIbHOTO BITHOIICHHS BIAMOBIMHOCTI. Ha BiAMiHY Big TpaauIlifHUX MiAXOAIB MOBHOI
nepeipku (31 cknaanictio O(N)), 11e J03BOJsIE TEOPETUUHO OOIPYHTYBATH KOPEKTHICTh Ta
oOuucitoBanbHy edektuBHICTh (31 cknanHicTio O(k'd)) 1HKpeMeHTalbHHX METO/IB
BaJiaii, 3aBAsKM YOMY MOXKJIMBE CTBOPEHHS IHCTPYMEHTIB, MPUAATHUX JJIs IHTETpallii B
CI/CD Ta IDE.

— Ompumas nooanrvuuil po36Umox METOJl JBOCTOPOHHBOI CHHXPOHI3allli, 0
peanizoBaHui Yepe3 MEXaHi3M IHKPEMEHTAJIIbHUX OHOBJICHB Ta JIOKATI30BaHOI MEPEBIPKU
KOHCUCTEHTHOCTI, sIKa TIPYHTYeThCs Ha (opmanpHOMY Tpadi 3anexxHocted 13
3aIPOIIOHOBAHOO Kilacudikalliero Horo pedep Ha CTPYKTYpPHI, CEMaHTHYHI Ta TpacyBaJIbHI.
Oco06aMBICTIO pO3POOJICHOTO METOJY € TOETHAHHSI aBTOMAaTUYHOT'O BUSIBJIEHHSI KOH(JIIKTIB,
dbopmaiizoBaHUX MpaBuil TpaHnchopMallii MOJeNe 1 MATPUMKHA B3aEMHOI aKTyaJlbHOCTI
000X mMoJaHb y peaJbHOMY 4yaci. Ha BiAMiHY BiJ 1CHYIOUHMX TMIIXOJIB, IO YacTO €
OJTHOCTIPSIMOBAaHUMH a00 TOKIAJAIOTHCA HA Py4YHE BTPYYAHHS, 3alpPOTIOHOBAHUI METOH
3a0e3neuye MPOAKTUBHY MIATPUMKY Y3TO/DKEHOCTI B 000X HamNpsMKax, IO J03BOJISE
OJIHOYaCHO BHOCUTM 3MIHM $IK 3 OOKy Koay, Tak 1 3 OOKy MoJeni, 3amnoOirarouu
apXiTeKTypHOMY Jpeiidy.

[IpakTruHe 3HAYEHHS OJCP)KAHUX PE3YNITATIB MOJATAE Yy PO3POOII aITOPUTMIYHHIX
Ta ITHCTPYMEHTAJIBHUX 3aC001B, 110 MOXKE OyTH Oe3Mocepe/IHbO BIPOBAIKEHO B MPOIECH
pO3pOOKH mporpamMHOrO 3a0esnedeHHS. Po3pobieHo Ta peamdizoBaHO  MPOTOTHII
MIPOrpamMHOro IJiariHa, SKui BTUIIOE 3alIPOINIOHOBAHI METOJIM, MOKE OyTH 1HTErpOBaHUHN Y
CydacHl mpoliecu Oe3mepepBHOI 1HTerpaiii Ta JOCTaBKH 1 J03BOJIIE ABTOMATH3yBaTH
KOHTPOJIb apXiTEKTYPHOI IIJTICHOCTI. 3ampOIOHOBAHUHN X1 JO3BOJIIE CKOPOTUTH Yac
MepeBIPKU KOHCUCTEHTHOCTI MICTsl BHECEHHS 3M1H Y 12 pa3iB (3 3,8 ¢ 10 0,3 ¢) Ta 3MEHIIUTH
CIIO’KMBAHHS OTNIEPATUBHOI IMaM’STi BABIYI MOPIBHIHO 3 TPAAUIIMHIMU METOJaMH ITOBHOI
Basiiamii. ExcriepuMeHTanbHO MiATBEPIKEHO BHCOKY JTOCTOBIPHICTH METONY: TOUYHICTh
BUSIBIICHHS ceMaHTUYHUX JieexTiB (F1-mipa) ctaHoBUTH 98,5 % y HATUBHOMY CE€pEI0BHIIII
Ta 95,7 % B yMOBax iHTepoInepadbeabHOCTI, 1110 3HAYHO MEPEBUILYE MOKA3HUKH 1CHYIOUUX
MIPOMMCIIOBUX aHAJIOriB. B pe3ynbTaTi 11€ A03BOJISIE 3HU3UTU BAPTICTh Ta TPYJAOMICTKICTb
pO3pOOKH 3a paxyHOK PpAaHHBOTO aBTOMAaTH30BAaHOTO BHSBIEHHS IPHUXOBAHUX

apXITeKTYpHUX Je(eKTiB, 3amo0iraloyu iX MPOsIBY HA MI3HIX CTaAIsIX KUTTEBOTO ITUKITY.



OO0'eKT MOCHIIKEHHS — MPOLEC MOEIbHO-OPIEHTOBAHOI PO3POOKH MPOTPAMHOTO
3a0e3MeUCHHS.

[Ipenmer mocnigkeHHS — MOJCHII Ta 1IHCTPYMEHTaJIbHI 3aco0u 3a0e3reueHHs, SKi
peaiizytoTb MeToau KoHcucTeHTHOoCcTI UML-Moneneit 31 CTpyKTYypHUM Ta MOBEIIHKOBUM
MOJTAHHSMHU.

KirouoBi cjioBa: MmojenbHO-opieHTOBaHa iHxkeHepid, UML, KOHCHUCTEHTHICTb
mozemi, momaHHs wMoxem, JSON, XMI, iHkpeMeHTalbHa BaliaIlis, JIBOCTOPOHHS

CHUHXPOHI3allis, IPOrpaMHUM TUIariH, rpad 3aJIeKHOCTEH.
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ABSTRACT

Nikitchenko M. I. Methods for ensuring the consistency of software system models in
incremental development processes and means of their integration with tool environments.
— Qualification scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 121 Software
Engineering. — National University “Odessa Polytechnic” of the Ministry of Education and
Science of Ukraine, Odessa, 2025.

The work is devoted to solving an urgent scientific and applied problem, which
consists in increasing the efficiency and reliability of the model-oriented development of
complex software systems by developing a scientific and methodological apparatus and
tools to ensure the 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, which is traditionally
ensured by the XMI standard, and the need for flexibility and integration with modern
iterative development processes, where lightweight formats such as JSON are preferred.
This conflict leads to a gap between the design model and its implementation, provoking
“architectural drift” and the accumulation of hidden architectural defects, which
exponentially increases the cost of software maintenance. The established contradiction is
overcome by developing a new approach that combines the flexibility of the JSON format

for describing static structure and the formal rigor of XMI for behavioral semantics within



a single, coherent, and guaranteed consistent model with two views. This approach provides
effective consistency checking in the context of modern iterative development. This is
particularly important in the context of DevOps process automation, as it allows overcoming
the isolation of classic CASE tools from CI/CD pipelines. Thus, the proposed solution
enables the implementation of the «shift-left» strategy, detecting architectural errors at early
stages without slowing down the pace of code writing.

The purpose of the study is to improve the efficiency and reliability of the model-
driven development process for complex software systems by developing scientific and
methodological tools and instruments to ensure the guaranteed consistency of UML models
with two viws (structural in JSON format and behavioral in XMI format).

To achieve this goal, the following tasks were formulated and solved:

— An analysis of the problem of ensuring the consistency of UML models, existing
formats for their storage, and the functionality of modern CASE tools was conducted to
identify their existing shortcomings and justify a combined approach with structural and
behavioral representations. In addition, a formal classification of inconsistencies between
structural and behavioral viws was formulated to justify the relevance of the problem.

— A formal UML metamodel with two viws was developed, which mathematically
describes the structural and behavioral views, and the correspondence between them was
established. For the structural view, a generalized approach to its reflection, element
1dentification, and two-level validation in JSON was formulated; for the behavioral view,
generalized rules for its representation through the UML profile, tracing to the structure, and
verification of formal invariants in XMI were also defined and described. Additionally, a
set of consistency rules was formulated for this metamodel in OCL and their transformation
into a formalism suitable for automated verification using Alloy was justified.

— A method for automated consistency assurance has been developed, based on the
combined use of OCL invariants for rule checking and transformation to Alloy formalism
for deep verification. An incremental consistency theorem has been formulated and proven,
which theoretically justifies the method of incremental validation based on a dependency
graph with classified edges. A method of bidirectional synchronization and transformation

algorithms between a monolithic representation in XMI format and the proposed model with



two representations have also been developed to ensure compatibility with existing tools.

— An architecture has been developed and a prototype software plugin implementing
the proposed methods has been implemented, and an experimental evaluation of its
effectiveness and performance has been conducted in comparison with existing industrial
analogues.

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
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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.

The practical significance of the obtained results lies in the development of
algorithmic and instrumental means that can be directly implemented in software
development processes. A prototype software plugin has been developed and implemented
that embodies the proposed methods, can be integrated into modern continuous integration
and delivery processes, and allows for the automation of architectural integrity control. The
proposed approach reduces the consistency verification time after changes by 12 times (from
3.8 s to 0.3 s) and halves the RAM consumption compared to traditional full validation
methods. The high reliability of the method has been experimentally confirmed: the
accuracy of semantic defect detection (F1-measure) is 98.5% in a native environment and
95.7% 1in interoperability conditions, which significantly exceeds the performance of
existing industrial analogues. As a result, this reduces the cost and labor intensity of
development through early automated detection of hidden architectural defects, preventing
their manifestation in later stages of the life cycle.

The object of research is the process of model-driven software development.

The subject of research is methods, models, and tools for ensuring the consistency of
UML models with two representations.

Keywords: model-driven engineering, UML, model consistency, two model views,
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JSON, XMI, incremental validation, two-way synchronization, software plugin,

dependency graph.
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