O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMeP: 0822U100756
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 18-03-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ToBcTtokopenko Oser FOpifioBuy

2. Tovstokorenko Oleh Yuriyovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHIeniaIbHOCTI: 122

Ha3zBa HayKoBoi creniaJbHOCTI: KommiotepHi HayKu

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHCTy: 23-02-2022

CnenianbHICTD 32 OCBIiTOXO: [[porpaMHe 3a6€3M€YEHHS CUCTEM

Micue po60oTH 34,00yBava: XapkiBcbKuil HaljioHaIbHKI yHiBepcuTeT imeHi B. H. Kapasina

Kopg, 3a €IPIIOY: 02071205

Micuesnaxo,szeHHa: mangaH Ceo6onu, 6yn. 4, M. XapKiB, XapKiBCbKUM p-H., XapKiBcbka 0071., 61022, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi crieniagi3oBaHOi BY€HOI pazu). 10 64.050.071

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA
MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, 6y7. 2, M. Xapkis, XapKiBcbkuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 50.41.25

Tema guceprauii:
1. Mogzeni Ta iHCTpyMeHTaJIbHi 3aCO0M pO3pOOKU Ta CYIIPOBOAY BapiabesbHUX KOMIIOHEHTIB IIPOrPaMHOr0O

3abe3neyeHHs cucreM "Po3yMHuUi 6yAUMHOK"

2. Models and tools for the development and maintenance of variable software components in "Smart-home"
systems

Pedepar:

1. Inceprauifina po60Ta IpUCBsIYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TEXHIYHOI 3a4a4i MifgBuIneHHs e(peKTUBHOCTI
IIpOLIECiB pO3pOOKU Ta CynpoBoAdy cucteM «PozymHuil 6ynuHoK» (PB) 11s1XOM 3aCTOCYBaHHS METO/IB Ta 3aC0O0iB
IIOMEHHOTO MOJI€JIIOBaHHS 11711 CTBOPEHHS BapiabesbHUX KOMIIOHEHTIB IporpamHoro 3abesneyenHs (I13) Takux
cucreM. Y BCTyIi [0 IUcepTaLiiiHOi po60TH OGIPYHTOBAHO aKTyaIbHICTh TEMU NOCIIiIKEHHS, ITIOKA3aHO 3B'SI30K
poboTu 3 HayKoBUMHU TeMaMu. CHOPMYJILOBAHO METY [OCJIiIPKEHHS, BU3HAYEHO 00 €KT, IPEAMET i METOAU
IOCJIiIKEHHS, sIKi 6a3yI0TbCSI HA 3aCTOCYBaHHI IIPUHIMIIIB IPUKJIaJHOTO CUCTEMHOTO aHai3y, MOZEJEeN Ta METOIIB
Cy4acHOI IIporpaMHoi iHkeHepii, 30KpemMa Ha BUKOPUCTaHHI METOIiB JOMEHHOTO MOJIEJIIOBaHHS, 00 €KTHO-

OpiEHTOBaHUX METOax aHasi3y Ta cuHTe3y 13, KinpKicHux MeTpuk edpekTuBHOCTI [13, a TakOK Ha BUKOPUCTaHHI



6a30BUX I0JIOXKEHD TE€OPIii yNIPaBJliHHS, MAaTEMAaTUYHOTO alapaTty TEOPii MHOXKWH, €KCIIEPTHUX METO/IB TEOPii
IIPUMHATTS pilleHs i 3acTocyBaHHiI yHidikoBaHOI MOBU MogesoBaHHs UML Ta MoBU MopientoBaHHs SysML nist
aHaJli3y arnapaTHO-IIPOrpamMHuX pimeHs. ONMCaHo HAyKOBY HOBM3HY Ta IIPAaKTUYHE 3HAYEHHs OTPUMAaHMX
pesysbTaTis. HaBeneHo iH(opMaLio Ipo IpakTUYHE 3aCTOCYBAHHS Ta OCOOMCTUM BHECOK 30,00yBava, anpoobaliiio
pe3yJIbTaTiB AOCIiIKEHHS Ta iX BUCBITJI€HHS y My06JliKal[isiX, @ TAKOXK MICTSITbCS BilOMOCTI IIO/I0 CTPYKTYpH Ta
obcsry pucepTaniiiHoi po6otu. Y nepuomy posfisi 3niiCHEHO aHaliTUMHUH OTJIs[ IIiAXOiB 10 CYIIPOBOLY
BapiabesIbHUX KOMIIOHEHTIB IPOrPaMHUX CUCTEM Pi3HOTO NpU3HadYeHHs. [IpoaHanizoBaHO OTOYHUI CTaH PO3POOOK
[13 y Takux HOBMX BUCOKOTEXHOJIOTIYHUX [IPEIMETHUX Tajly3sX sIK CTBOPEHHS cucTem PD, siKi B CBOIO 4yepry
HaJIeXXaTh [0 GiJbLI MMPOKOTO KJIACY Cy4YaCHUX KOMITIOTEPU30BAHUX CUCTEM: CUCTEM «IHTepHeTy peueil», i siKi
MIpeCTaBJIsAI0Th COO0I0 CKIIATIHI PO3IOiieHi arapaTHO-TIPOrPaMHi KOMILJIEKCH, 1110 MalOTh BifllIOBiNHI
iHTesIeKTyalbHi iHTepdericy A8 NifTPUMKU 3pyYHOI pOOOTH Pi3HUX IPyI iX KOpUCTYBaviB. Orisiy, po3poooK y
rasnysi Pb cucrem 103BOIMB 3pOOUTY BUCHOBOK, 110 Hapasi iCHye 3HaYHUI IPOrPeC CaMe y CTBOPEHHI €(DeKTUBHUX
araparHUX pillleHb, ajie B TO XKe Yac HEeJJOCTATHLO OIPAalbOBAaHMMU 3aJIMIIAIOTHCS IMTAHHS T IBULIEHHS

e EeKTUBHOCTI IIPOLIECIB PO3POOKU Ta CYIIPOBOAY CaMe IIPOrPAaMHUX KOMIIOHEHTIB LIIJISIXOM 3a0€3I1e4eHHs iX
BapiabesIbHOCTI Ta MOXJIMBOCTEN NIOBTOPHOTO BUKOPUCTAHHS Y IEPCIEKTUBHUX cucTeMax Pb, i e 3yMoBJIoe
aKTyaJIbHICTb IJbOTO OUCEePTaLifHOro AocaimKeHHs. [IpefcTaBiaeHa IOCTaHOBKA 3aja4i pO3POOKY Ta JOCIIiIKEeHHSI
MOJ€JIbHO-TEXHOJIOT{YHOTO iIHCTPyMEHTAPilo 1J1s1 MiJiBUIEeHHS ePeKTUBHOCTI IIPOLIECiB PO3POOKU Ta CYIIPOBOAY
BapiabesbHUX KOMIIOHEHTIB [13 cuctem PB. Y npyromy po3sgini gucepralii IpeicTaBjieHi MeTO[0JI0TiYHi OCHOBU
17151 PO3POOKY Ta CyIPOBOAY BapiabesbHuX KOMITOHEHTIB I13 cuctem PB. PO3risiHyTO MOKIIMBICTD 3aCTOCYBaHHS
IIOMEHHOI'O MOJIEJIIOBaHHS B SIKOCTi KOHLIENITyaJlbHOI OCHOBMU [1JIs1 aHaJIi3y BJIaCTUBOCTE BapiabesIbHOCTI
IIPOrpaMHUX KOMIIOHEHTIB crcTeM Pb i IpoBeieHo aHaJIiTUYHNMI OIS, METOMiB PO3pOOKU BapiabesbHUX
KOMIIOHEeHTIB [13 cucrem PB. B TpeTboMy pO37isi 3alIpONIOHOBAHO oNepauiiHy moaesb (OM) onpaioBaHHS BUMOT B
KOHTEKCTi pO3p0o0KHU BapiabebHUX IPOrpaMHUX KOMIIOHEHTIB 32 MeTogoJIoriero Scrum. OM mo3Bosisie
dopmatizyBaTu NPOLeC yIpaBliHHA 3MiHHICTIO BUMOT y IIPOLieci po3poOKu BapiabebHUX IPOrpaMHUX
KOMIIOHEHTIB PB, i nepenbavyae ¢popmMyBaHHS crieljiajbHOro iHpopMaLiiHOro 6a3ucy, SKUi MiCTUTb TEKCTOBUI OIHUC
MHOXXMHHU BUMOT [I0 KOMIIOHEHTIB [13, apTedakTiB IporpaMHoro 3abesrnedeHHs, a TakoxX iHpopMallilo rmpo irepatii
IIPOEKTY Ta poJli po3po6HUKiB [13. JI7151 onpaloBaHHS TEKCTOBOTO ONKACY BUMOT MOTMBOBAHO OOPAHO METOZ,
JIaTEeHTHO-CeMaHTU4HOoro aHanisy (JICA) y noegHaHHi 3 BUKOPUCTaHHIM KoediljieHTa Kopessuii [TipcoHa ans
BM3HAYEHHSI CTYIIEHSI CEMAaHTUYHOI OAIOGHOCTI TEKCTY OIUCY Pi3HUX BUMOT, 1[0 YMOJKJIMBIIIOE iX pO3MOAia Ha 3
okpeMi KaTeropii: Core - 1e BUMOTH, 110 BXXe OyJIM peasi3oBaHi paHime, Var — 11e 4acTKOBO peasli3oBaHi BUMOTH, Ta
New - e Taki, o MaioTh 6yTH peasnizoBaHi ynepue. Ha ocHOBI 3acTocyBaHHs 3ariponioHoBaHoi OM po3pobieHa
npoleaypa nooyioB1 JUHAMIYHOTO KaTajJory BUMOT [J1s1 IPOEKTHOI iTepauii. [171s1 3a6e3reyeHHs] aBTOMaTU30BaHO]
HiATPUMKY NpoLeayp NobyAoBY BapiabeslbHUX IPOrPaMHUX KOMIIOHEHTIB PO3p00JIeHi OpUTiHaJIbHI apXiTEeKTYpPHI
MogeJi BilIoBiIHUX iHCTpyMeHTaIbHUX 3aC00iB. UeTBepTUN po3in fucepTallii IpucBsIYeHOo NporpamMHii peasnisaii
Ta €KCIIEPMMEHTAJIBHOMY JOCJIIJKEHHIO PO3PO0JIEHMX MOZeJIeN Ta iIHCTPYMEHTaIbHUX 3aC00iB. B pesysbTari
aHaJi3y po3paxyHKiB KPUTEPIIO CyIPOBO/Y, 3aCTOCYBaHHS 3alIPONIOHOBaHOI Mogudikauii apxitekTypu cucremu Pb
BeJie [10 MiJBUILEHHS [I0Ka3HMKa €(PEKTUBHOCTI CYyIIPOBOJY CUCTEMU. 3alIPOIIOHOBAHO APXiTEKTypy
iHctpymeHnTanbHOro CASE - 3aco0y 17151 aBTOMaTU3allil psy MPOLECiB CyIIpOBOy BapiabebHUX KOMIIOHEHTIB [13
cucrem PB. Po3po6sieHui NpOTOTUI iHCTPYMEHTAJIbHOTO 3aC00Y LO3BOJIsIE aBTOMAaTU30BaHO IPOBOAUTH
PO3paxyHKU L0J0 BUSHAYEHHSI KiJIbKICHUX TTapaMeTpiB 117151 IOKa3HUK e(EeKTUBHOCTI. Y AucepTaLiiiHiil po6oTi
BUpillleHa aKTyaJlbHa HAayKOBO-IIPUKJIAJHA 337ja4a MifBUIEeHHS e(PEeKTUBHOCTI IPOLECiB pO3POOKU Ta CYIIPOBOLLY
BapiabesIbHUX KOMIIOHEHTIB IPOrpaMHOro 3abe3neyeHHs cucteMm P Ha OCHOBI BUKOPUCTaHHS METOIiB IOMEHHOTO

MOOEIIOBAaHHS.

2. The PhD thesis is devoted to solving current scientific and technical problem of improving quality of
development and maintenance of "Smart Home" systems (SHS) by applying methods and tools of domain modeling
to create variable software components of such systems. In the dissertation introduction the relevance of the
research topic is substantiated, connection of the work with scientific topics is shown. The research purpose is
formulated, the object, subject and research methods are defined, which are based on application of applied



system analysis principles, models and methods of modern software engineering, in particular on use of domain
modeling methods, object-oriented methods of software analysis and synthesis, quantitative metrics quality of
software, as well as the use of basic principles of control theory, mathematical apparatus of set theory, expert
methods of decision theory and use of unified modeling language UML and modeling language SysML for analysis
of hardware and software solutions. The scientific novelty and practical significance of obtained results are
described. Information on practical application and personal contribution of the applicant, approbation of research
results and their coverage in publications are given. Information on the structure and scope of the dissertation is
given. The first section provides an analytical review of approaches to the maintenance of variable components of
software systems for various purposes. The current state of software development in such new high-tech subject
areas as the creation of Smart-Home systems, which in turn belong to a wider class of modern computerized
systems: Internet of Things systems. A review of developments in the field of SHS allowed us to conclude that
there is significant progress in creating effective hardware solutions, but at the same time the issues of improving
the efficiency of development and maintenance of software components by ensuring their variability and
reusability in promising SHS, and this determines the relevance of this dissertation research. The second section of
dissertation presents the methodological basis for the development and maintenance of variable components of
the software of SHS. The possibility of using domain modeling as a conceptual basis for analyzing the properties of
variability of software components of SHS is considered and an analytical review of methods for developing
variable components of software for SHS is performed. The third section describes the process of developing
models, procedures and tools for building and maintaining variable software components of SHS. The operational
model (OM) of requirements processing in the context of development of variable software components according
to Scrum methodology is offered. OM allows to formalize the process of requirements variability management in
variable SHS, which opens the possibility of collecting information, based on the information to analyze
commonness and classification of requirements, which in turn reduces the number of requirements at the stage of
sprint requirements catalog, due to which it becomes possible to improve the quality of the requirements analysis
process. The domain model of variable software components at the stage of support of the SHS is proposed, and
the procedure of evaluation of the quality indicator of the maintenance of the software components of the SHS is
developed. Architectural models of appropriate tools have been developed to provide automated support for the
proposed procedures for building variable software components. The fourth section of the dissertation is devoted
to software implementation and experimental research of developed models and tools. The calculations of the
proposed indicator are based on the calculation of the amount of time spent, which is necessary to maintain
certain functionalities of the system at the stage of its maintenance. As a result of the analysis of calculations of the
criterion of support, the application of the proposed modification of the architecture of the SHS leads to an
increase in the maintenance of the system. The architecture of the CASE toolkit is proposed - a tool for
automating a number of software support processes for SHS. This provides an opportunity to automate the
processes of preliminary analysis and quality assessment of alternative options for the development of new
components of the software SH. In the dissertation work the actual scientific and applied problem of quality
improvement of processes of development and support of variable components of the software of SHS on the basis
of use of methods of domain modeling is solved. As a result of the experiments, data were obtained that allow us to
draw conclusions about the efficiency and appropriateness of the proposed approach to determine the
effectiveness of alternative architectural solutions.
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