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1. Tema pob6oTu: «MaremaTuyHi Mozeli AJ1s1 060po6KU iHpopmalii 3 MeTprK Kony JAVA-3aCTOCYHKIB [17151 OLiHIOBaHHS
ix po3amipy». AKTyasbHiCTb po60TH. JJocTOBipHa 06p0o6Ka iHpopmallii 3 MeTpuk Koay JAVA-3aCTOCYHKIB, a came ix
PO3Mipy, Ha paHHIX CTafisIX IPOEKTYBaHHS 6e3[10cepeiHbO BIJIMBAE HAa IPOTHO3YBaHHS TPYLOMICTKOCTI pO3po6KU
[IPOrpaMHUX IIPOAYKTIB i 103BoJIsse €(PEKTUBHO BUPIlIyBaTU 3aBAaHHS IIJIaHYBaHHS PeCypCiB, OI0IPKETY Ta 4acy.
OpHak Ha [TI0YATKOBUX €Talax Taka iHpopmalis oOMexXeHa Ta ii BAXKKO BUMIPSITH, 0 3yMOBJIIOE€ HA3BbKY
IOCTOBIPHICTh OTPMMAHUX OLIiHOK i pOOWTh aKTyaJIbHUM IiIBULEHHS L€l JOCTOBIPHOCTI 32 paXyHOK BUKOPHCTaHHS
METPUK KOJy, IOCTYIIHUX 3 KOHILlenTyanbHoi Mogesi npoekty (UML-piarpamu kiaciB), Ta BpaxyBaHHS
TEXHOJIOTIYHUX 0CcO0MBOCTEN MOBU JAVA, 30Kpema npu po3po6ui DS i ML 3acTocyHKiB. MeTa AOCHiIKEHHS —
IiBUIIEHHS JOCTOBIPHOCTI 06pO6KM iH(OpMallii 3 METPUK KOAYy 1151 OL[iHIOBaHHS po3Mipy JAVA-3acTOCYHKIB Ha

PaHHIX cTafisx NpoekTyBaHHs [13 32 paxyHOK [100y10BY HeJIiHIHHUX perpeciiiHux Mojesieil Ha OCHOBI HabOPiB



METPUK KOJly IIPOEKTIB 3 BiIKPUTAM KOAOM. JI0CIIiIKYBaIUCh iCHYI0Ui MaTeMaTU4YHi MoieJli 06po6Ky iHpopmaliii 3
METPUK KOy Ta HOpMaJli3yloui IepeTBOPEHHS IJ1s1 LIECTUBUMIPHUX BEKTOPiB XapaKTepUCTUK; Habopy JaHUX
3arasibHuX JAVA-3acTocyHkiB (571 Bektop), DS ta ML JAVA-3acTocyHKiB (112 BekTOpiB), po3zisieHi Ha HaBYaJIbHi i
TecToBi BUbOipKy; meTpuku UML-piarpamu kiacis CLS, INFC Ta cepenni 3HaueHHs1 MeTpuk VMQ (aVMQ), TFQ(aTFQ)
ta CBO(aCBO) BifHOCHO 3arajyibHoi KiJIbKOCTi KJ1aciB Ta iHTep@eiiciB IPOEKTY SIK He3asexXHi (aKTopu 3
ypaxyBaHHSM MyJIbTUKOJIIHeapHOCTi 3a KpuTepieM VIFs; rpanuti nosipuux iHTepBasiB Ta iHTepBaiB nependaueHHs
HEJIiHINHYX perpecii. OCHOBHI METOAM: CUCTEMHUI aHali3 i MOPIBHAHHA — [JIg aHaJIi3y iICHYIOUMX MOZEJIEN; Teopis
HAMOBIPHOCTI, MaTeMaTUYHa CTATUCTHKA Ta HAraTOBUMIPHUI CTAaTUCTUYHUN aHaJi3 — /171 [IePEeBipKU TiroTe3 Ipo
HOPMAJIBHICTb PO3IOAiTy NAHUX i OLiHIOBAaHHS IapaMEeTPiB HOPMaJIi3ylounx NEPETBOPEHD; JIiHINHUH | HEHINHUT
perpeciiinuii aHasi3 — 17151 1o6y40BU MoJesiell i BUBHaYeHHs IpaHUllb iHTepBaiB. ['0710BHI pe3yabTaTu:
YIOCKOHAJIEHO YOTUPbOX(PAKTOPHY HEJIiHINMHY perpeciiiny Mofesb Ha 6a3i M'aTUBMMIPHOTrO nepeTBopeHHs bokca-
Kokca; no6ynoBaHo i n'aTU¢aKTOPHI HeJliHiliHI perpeciiini mogeni (a5 3aranpHux Ta A DS i ML JAVA-
3aCTOCYHKIB) Ha OCHOBI llecTuBUMipHOro nepetrsopeHHs bokca-Kokca 3a metpukamu CLS, INFC, aVMQ, aTFQ i
aCBO; oTpuMaHoO piBHSHHS IpaHuUlb iX iHTepBasiB nepefdadeHHs i JOBipUUX iHTEPBaJiB; pO3p06IEHO
iH(popMaLiiiHy TEXHOJIOTII0 Ta METOIUKY 1711 06pO6KH iHpopMalii 3 MeTpuk koay 3 UML-giarpamu kiacis aig
olliHIOBaHHS po3Mipy. [To6ymoBaHi Mozesi MaloTh Kpalli TIoKa3HUKY KoedilieHnTy nerepminanii, MMRE i PRED(0,25)
Ta MEHUIi IIMPUHY iHTepBaJiB [IOPiBHSHO 3 icHylounMU. HaykoBa HOBU3HA. YJOCKOHAJIEHO YOTUPbOX(PAKTOPHY
HEJIIHIVHY perpeciiiiy MOJEeb OLiHIOBaHHS po3Mipy JAVA-3acTtocyHKiB 3a MeTpukamu CLASS, RFC, aCBO Tta aVMQ
Ha 6asi nm'aTuBUMipHOrO nepeTBopeHHs1 bokca-Kokca. Bnepuie no6ynoBaHo 1Bi 'aTr(aKkTOpHi HeliHiliHI perpeciiini
MoZieJsii Ha OCHOBI IeCTUBUMIPHOTO NepeTBopeHHs1 bokca-Kokca — 115 3aranbHoi BUbipku JAVA-3acToCyHKIB Ta
okpeMo g DS i ML 3aCTOCYHKIB 3 ypaxyBaHHSIM OCOOJIMBOCTEN ix po3po0Ky, B siKUX MeTpuKy CLASS poszineHno Ha
CLS ra INFC. OTpuManu nogaabinii pO3BUTOK PiBHSIHHS I'PaHULb iHTEPBAJIiB Ilepei6aveHHs X MOZeJIe, o
3MEHIINJIO INMPVHY IHTEPBAJIIB y MOPiBHAHHI 3 I'ATUBMMiIPHUMU NIEPETBOPEHHAMU. [IpakTUYHE 3HAYEHHS TIOJISITAE Y
po3po6Li iHCTpyMeHTapilo iHpopmalliiiHoi TexHoorii AJ151 06po6kU iHpopmallii 3 MEeTPUK KOy /1J1s1 OL[iHIOBaHHS
po3mipy JAVA-3aCTOCYHKIB Ha paHHIX eTarax po3poOKU i po3paxyHKy JOBipYMX iHTepBaJliB Ta iHT€pBaJliB
nepeznbadeHHs mogeneil. Moo Kotlin Ta 3acobamu ¢ppeitMBopKy Spring ctBopeHo I13 3a mogesmo SaaS 3 HTTP-
inTepdericom. PesynpraT BiposamkeHo y BupobHudi npouecu TOB «H-IKC JEJIIBEPI» ta ®OII ITonimyk A. b., a
TaKOX y HaByasibHMM npouec HYK imeHi agmipana MakapoBa IifJ 4ac BUKJIQIaHHA UCHUIUIH «KepyBaHHA
IIPOEKTHUMU PECYpcaMu B iH>keHepii TporpamMHoro 3abesnedyeHHs», «OCHOBY IPOrpaMHoi iHxeHepii» Ta
«MogemnoBaHHS cucTeM IU(POBOro eKOJIOTiYHOr0 MOHITOPUHTY». BuCcHOBKU. Y nuceprauii BUpilneHO HayKOBO~
IIpaKTHUYHE 3aBJJaHHS IiJBUIIEHHS JOCTOBIPHOCTI 06pobKU iHdopMallii 3 METPUK KOAY [JIs1 OLIiHIOBaHHS PO3MIpy
3arasibHuX JAVA-3aCTOCYHKIB, a TakoX DS i ML JAVA-3acTOCYHKIB Ha paHHIX CTafisiX po3pOOKH LIISIXOM N00YA0BU
n'ATU(aKTOPHUX HEJIHIMHUX PErpeciHuX MOoJesIel Ha OCHOBI ECTMBUMIPHAX HOPMAaJIi3yl0OuuX II€PETBOPEHD
Bokca-Kokca 3a metpukamu CLS, INFC, aVMQ, aTFQ ta aCBO. Po3pobsienuii iHcTpymeHTapill iHpopmaniiiHoi
TEXHOJIOTi] 3abe3nevye MiIBULLIEHHS SKOCTIi OLliHIOBaHHSI po3Mipy JAVA-3aCcTOCYHKIB Ha paHHIX eTanax po3pooKH,

IO 03BOJISIE€ ONTUMI3yBaTH OI0O/I)KETH Ta CTPOKU IIPOTPAMHUX [IPOEKTIB.

2. Topic of the work: "Mathematical models for information processing of JAVA application code metrics for their
size estimation”. Relevance of the work. Reliable information processing from JAVA application code metrics,
namely their size, in the early stages of software design directly affects the software development efforts
estimation and allows for effective planning of resources, budget, and time. However, in the initial stages of
development such information is limited and difficult to measure, which results in unreliable estimates and makes
it relevant to improve this reliability through the use of code metrics that are available from the conceptual model
of the project (UML class diagram), and to take into account the technological characteristics of JAVA, in particular
for DS and ML applications. The dissertation aim is to improve the reliability of information processing from code
metrics for estimating the size of JAVA applications in the early stages of software development by constructing
nonlinear regression models based on sets of code metrics from open-source projects. The following were studied:
existing mathematical models for code metrics information processing and normalizing transformations for six-

variate vectors of characteristics; datasets of general JAVA applications (571 vectors) and of DS and ML JAVA



applications (112 vectors), divided into training and testing samples; UML class diagram metrics CLS, INFC and the
average values of VMQ (aVMQ), TFQ (aTFQ) and CBO (aCBO) relative to the total number of classes and interfaces
of the project as independent factors, taking into account multicollinearity using the VIFs criterion; the limits of
confidence and prediction intervals of the nonlinear regressions. Main methods: systems analysis and comparison
- for the analysis of existing models; probability theory, mathematical statistics and multivariate statistical analysis
- for testing hypotheses about the normality of data distribution and estimating the parameters of normalizing
transformations; linear and nonlinear regression analysis - for constructing the models and determining the limits
of the intervals. Main results: the four-factor nonlinear regression model based on the five-variate Box-Cox
transformation has been improved; two five-factor nonlinear regression models (for general JAVA applications and
for DS and ML JAVA applications) have been constructed based on the six-variate Box-Cox transformation using
CLS, INFC, aVMQ, aTFQ and aCBO; equations for the limits of their prediction and confidence intervals have been
obtained; an information technology and a methodology for processing code metrics from the UML class diagram
for size estimation have been developed. The constructed models have better values of the coefficient of
determination, MMRE and PRED(0.25) and smaller interval widths compared to the existing ones. Scientific
novelty. The four-factor nonlinear regression model for estimating the size of JAVA applications using CLASS, RFC,
aCBO and aVMQ on the basis of the five-variate Box-Cox transformation has been improved. For the first time, two
five-factor nonlinear regression models based on the six-variate Box-Cox transformation have been constructed -
for the general sample of JAVA applications and separately for DS and ML applications, taking into account the
specifics of their development, in which the metric CLASS has been split into CLS and INFC. The equations for the
limits of the prediction intervals of these models have been developed. It has reduced the interval widths
compared to the five-variate transformations. Practical significance lies in the development of an information
technology for code metrics processing for estimating the size of JAVA applications in the early stages of
development and for calculating the confidence and prediction intervals of the models. Software has been
developed in Kotlin using the Spring framework, distributed under the SaaS model with an HTTP-based interface.
The results have been implemented in the production processes of LLC "N-iX DELIVERY" and Individual
Entrepreneur Polishchuk A. B., and in the educational process of Admiral Makarov National University of
Shipbuilding for courses: "Project Resource Management in Software Engineering", "Fundamentals of Software
Engineering" and "Modeling of Digital Environmental Monitoring Systems". Conclusions. The dissertation solves
the scientific and practical problem of improving the reliability of code metrics information processing for
estimating the size of general JAVA applications, as well as DS and ML JAVA applications, in the early stages of
development by constructing five-factor nonlinear regression models based on six-variate Box-Cox normalizing
transformations using CLS, INFC, aVMQ, aTFQ and aCBO. The developed software ensures higher quality of size
estimation and makes it possible to optimize the budgets and timelines of software projects.
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TEXHOJIOTiYHA TOKyMEHTallisl

COI.liaJIbHO-eKOHOMi'IHa CI‘IpﬂMOBaHiCTb: 3a6€e31e4eHHs IPOMUCIIOBOCTI YU HACeJIEHHS HOBUM BUJIOM
inpopMalifiHO-KOMYHIKalliMHUX [1OCIYT
OxopoHHi gokymeHTH Ha OIIIB:
Komn'torepHi nporpamu
CBifioLITBO PO peecTpaliiio aBTOPChKOTro mpasa Ha TBip N2 135110 Bif 15.04.2025 p. Ha KOMITIOTEPHY ITPOrpamy
«CepBic oniHoBaHHA iHpOpMallii 3 METPUK IPOrPaMHUX 3aCTOCYHKiB» («SoftwareMetricsEstimator»), Bunane

Jep>kaBHOIO opraHizallieio «YKpaiHCbKUi Hal[ioHaIbHUM 0Qic iHTeJIeKTyalbHOI BJIaCHOCTI Ta iHHOBaLlif»
(YKPHOIBI).

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH TeMaMH: 0125U002663

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. ®apionosa TeTsiHa AHaTOiiBHA

2. Tetiana A. Farionova

KBasigikanis: . . 1., gou., 05.08.03
Imentudikarop ORCID ID: 0000-0003-3384-4712
HoparkoBa indopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOHM: HaujoHanbHuil yHiBEpCUTET KOPabiiebyyBaHHs iMeHi

anmipana MakapoBa
Kopg 3a €IPIIOY: 02066753

Micue3Haxoa KeHHS: npocrnekt [epois Ykpainu, Mukosais, MukosiaiBchkuii p-H., 54007, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: 04ymclw90

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Manaxos €BreHii BanepintoBuy

2. Eugene Malakhov

KBasigikamis: g. 1. 1., npodecop, 05.13.06

Imentudikarop ORCID ID: 0000-0002-9314-6062

JopaTrkoBa inpopmanist:

IToBHE HafIMeHyBaHHSI IOpH,ZII/I‘IHOi 0CO0OHM: OnechbKuil HALliOHABHUIA yHiBepcuTeT imeHi I. I. MeyHuKoBa
Kopg, 3a € IPITIOY: 02071091

Micue3HaxoaKeHHS: ByJ1. [IBopsiHChKa, Oneca, 65082, Yrpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Jlio6uenko Bipa BikTopiBHa

2. Vira V. Liubchenko
KBasigikamis: n. 1. u., npodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0002-4611-7832

JoparkoBa iHdpopmamnist:
;https:/ /scholar.google.com /citations?user=igCycUUAAAAT;https: / /www.scopus.com /authid /detail.uri?authorl
d=56667638800;https://orcid.org/0000-0002-4611-7832

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "OfiechbKa MoJiTexHika"
Kog, 3a EJIPIIOY: 43861328

Micue3Haxoa KeHHS: np. lllesuenka, Oneca, 65044, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBitiHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. IlyxaneBu4 Anppiin BosogumMupoBuy

2. Andrii Pukhalevych

KBasigikamis: . r. 1., gouenr, 05.13.06
ImenTudikarop ORCID ID: 0000-0002-8827-3251
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuTeT KopabieGy/yBaHHs iMeHi

anmipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3Haxoa KeHHSI: npocrnekT [epois Ykpainu, Mukonais, MukosaiBchkuit p-H., 54007, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR: 04ymclw90

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Makaposga Jliziga MukosaiBHa

2. Lidiia M. Makarova

KBasigikanis: . . 1., gou., 05.13.06
Inentudikarop ORCID ID: 0000-0003-2903-3001
JonmaTkoBa iHdopmarist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHuil yHIBEpCUTET KOPabIIebyAyBaHHS iMEHI

anmipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3Haxoa KeHHS: npocrnekT [epois Ykpainu, Mukonais, MukosaiBchkuit p-H., 54007, Vkpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: 04ymclw90

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI ITpuxozbko Cepriii Bopucosnd
rOJIOBH paau

BaacHe IlpizBume Im's ITo-6aTbKOBI ITpuxozbko Cepriii Bopucosnd
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHUH 32 MiZTOTOBKY Ouniiinyk IpuHa BononnmupisHa
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




