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Pedepar:

1. Y pucepraliiiHiil po60Ti PO3B'13aHO aKTyaJlbHy HAyKOBO-TIPUKJIAHY 3aa4y y ranysi inkeHepii mporpamHoro
3a0e3ne4eHHs — MiJBUILLEHHS JOCTOBIPHOCTI IPOTHO3yBaHHS Ta OLiHIOBAHHS [10KA3HUKIB HAAiMHOCTI IPOrpamMHO-
arapaTHUX CUCTEM IUISIXOM YAOCKOHAJIEHHS BiATIOBITHUX MoZesiell HaTiliHOCTi Ta CTBOPEHHSI MeTOxIB i 3ac06iB
aBToMarusalii ix nobyosu. B nepuomy posfini po3ryssHyTO OCHOBHI [IOHATTS, KPUTEPIi Ta MOKa3HUKU HaNliHHOCTI
IIporpaMHux cucreM. [lpencraBieHo neTanbHU onuc Moaesei HaaiiHocrti I13 Ta ix ocobauBocTeit. AHati3
[I0Ka3aB, 110 3POCTaHHS CKJIAIHOCTI IPOrpaMHO-arapaTHUX CUCTEM BUMarae po3po06JeHHS i BIOCKOHAJIEHHS
MOJiesIEN HaJIiIMHOCTI 3 MiIBUILIEHHSM CTYIEHS iX aIeKBAaTHOCTI. [IpaKTU4YHe BUKOPUCTAHHS TEBHUX METOZIB i
MoJesiell € [ello yCKIagHeHe i I0B’a3aHe 3 PO3B’s13aHHSM 33/1a4 BEJIMKOI pO3MipHOCTI Ta CKJIaJHUMU
PO3paxyHKaMHU, sIKi YHEMOXKJIMBIIIOIOTh BUKOHAHHS JAHUX POOIT BPY4YHY, OCKIJIBKY 3pOCTa€ iMOBIPHICTb TOMUJIKU
pu No6GYAOBI Ta aHai3i TaKUX MOZeJIel, BiilTOBiAHO el polec NoTpebye creniaJlbHUX METOZiB aBTOMaTH3alli.

Po3ry1iHyTO BUKOpPUCTaHHS MOJieJli Ha OCHOBI JIaHIIOTiB MapKoBa BUIIOIO NOPSAKY, K 3aC00y IJ1s1 MiTBUIIEHHS



JIOCTOBIPHOCTI OLIIHKY [TIOKa3HUKIB HaAiHOCTI [13, OCKiJIBKY JlaHa MOJIeJIb BPAaxOBY€ MEPENiCTOPi0 BUKOHAHHS
IoTepeHiX MOyJliB IPOrpamMHoi cucteMu. TakosK, pO3IJISIHYyTO METOLY IIPOTrHO3YBaHHS 1e(eKTHOCTI
IIPOrPaMHOro 3a6€e3I1eYeHHs] Ha OCHOBI METPUK Koay. Y IpyroMy po3zijli oucaHo po3pobJieHi MeTou s
aBTOMAaTu3alii NofaHHs npolecy MapKkoBa BALIOrO NOPSAKY €KBiBaJIEHTHUM IIPOLIECOM MEPUIOro MOPSAKY 3
IOJATKOBUMHU BipTyaJIbHUMU CTaHAMU Ta JJ1s1 BUBHAYEHHS QYHKIIi IIpane3naTHOCT 1711 MapKOBChKUX MOJesei
HagiriHocTi [13. BukopucTtaHHs po3po6JeHUX METOiB 103BOJIsSI€ aBTOMATHU3YyBaTH IIPOLIEC BUKOPUCTAHHS
BiAITIIOBiIHUX MoZesiell HaJiliHOCTi, 3MEHIIye BILJIMB JIIOJICBKOrO (PaKTopa, i, BiZj[IOBiIHO, 3HMWKyE IMOBIpHICTb
BHECEHHSI [IOMUWJIKU IIPY BUKOPUCTAaHHI JaHUX METOIB i MOJieJIel Ta MiABUILYE TOCTOBIPHICTb OLiHKYU HAJ[IMHOCTI.
75 neMoHCTpalii TpakTUYHOTO BUKOPUCTAHHS Ta [IepeBipKU pO3pO0JIEHOr0 METOAY IMOJNaHHS MapKOBChKOTO
IIPOLIECY BHUIIIOTO MOPSAKY Moro 6yJi0 peasizoBaHo Ta alipoOOBaHO Ha NPUKJIALi OL[iHKY HaiIHOCTi IPOrpamMHOro
3abe3ne4eHHs M0JIbOTiB HAaHOCYNYTHUKIB CubeSat. [laHe nocCiIKeHHs CIpSIMOBaHe Ha BU3HAYEHHS TOTO, SIK
3MIHUTBCS IHTEHCUBHICTb Bi]MOBM IIPOrPAaMHOI CUCTEMHM IIif] 4aC OL[iHKM 32 JOIIOMOIOI0 TPAOVLIIMHUX JIAHLIIOTIB
MapkoBa 6e3nepepBHOro yacy, a TaKoxX JIaHLIoriB MapKoBa Apyroro i TpeTboro NopsaKy. 3HaueHHsl po3paxoBaHi 3a
IOTIOMOTOI0 MOZIeJIell APYTroro Ta TPETbOTO MOPSIKY, HE € CyMOIO UM yCEPEIHEHHSIM KPUBUX IIEPIIOro NOPSAKY. 3a
pes3yJbTaTaMu JOCTiIPKEHHS CTal0 0YEBUIHO, 110 JIAHIIOTU MapKoBa BULIOTO NOPSAKY JAIOTh 3MOTY 3HAYHO
MiTBUIIUTY TOYHICTb OLIHKY HAAiMHOCTI CKJIaAHUX IPOTPAMHUX CUCTEM SIK 32 PiBHEM BiJMOB, TaK i 32 KpUTEPieEM
3aJIEXKHOCTI Bif yacy. Y po3nisi, TakoX, ONMCaHO BU3HAUY€Hi KOMOIHAaTOPHI pOpMYIH, sIKi JO3BOJISIIOT BUBHAYUTHU
MaKCHMMaJIbHY i MiHIMaJIbHY KiJIbKIiCTb CTaHiB CUCTEMH i3 3arajlbHOrO IPOCTOPY CTaHIB, a TAaKOXK OKpeMi popmyn
IJ1 BU3BHAYE€HHS MaKCUMAaJIbHOI i MiHIMaJIbHOI KiJIbKOCTI pale3gaTHUX CTaHiB i CTaHiB IPOCTOIO i3 3arajbHO]
MHOXXMHHU [1711 CUCTEMHU i3 N eJIeMeHTiB i r BinHOBJeHb. [laHi GOpMYJIN LO3BOJISIIOT MIBUAKO OLIHUTU MOKIMBUN
IIPOCTIp CTaHiB CUCTEMH i3 BilOMUMMU 3HaYE€HHSIMHU N i r 6€3 BUKOPUCTAHHSI CIeljabHUX TEXHIYHUX 3ac006iB. TperTiit
PO3/iJ CIIPSIMOBaHO Ha yJIOCKOHAJIEHHSI MOJieJIell TPOTHO3YBaHHS AeeKTHOCTi [13 migxoM BUKOPUCTAaHHS METOJIiB
MaLIMHHOTO HaBYaHHS JJ1s1 BUOOPY MEeTPUK, sIKi Haiibinblle BIINBAaOTh Ha AedeKTHicTe MonyiB I13, Ta
po3pobieHHs MeTony kiuacudikauii monysis I13 3a gedeKTHICTIO Ha OCHOBi BUKOPUCTAHHS CTEKOBOI'O aHCaMO6JII0
HEVPOHHUX MePeX. YCi JoCliIKeHHs 0yJ10 BUKOHAHO 3a JOIIOMOT0I0 MOBU IIporpaMmyBaHHs1 Python, 6i6ioTexku
Scikit-learn i HetipomepexHoi 6ibsioTexu Keras. Ha ocHOBI pe3ysbTatiB AOCHITKeHHs [T06yJ0BAaHO MOJIEJIb
nedekTHocTi 13 3 BUKOPUCTaHHSIM 00MeXeHOI MHOXKXUHY METPUK KOZy, OTPUMaHUX SIK HallBa)KJIMBIllli METPUKYU Ta
perpeciiinoro metony. Po3po6sieno metoq knacudikauii mogyis 13 3a 1edeKTHICTIO HA OCHOBI METPUK KOTY 3
BUKOPUCTAHHSM CTEKOBOT'O aHCAMOJII0 HEIIPOHHOI Mepeki Ha OCHOBI pafliabHO-0a3UCHUX (PYHKIIi, peKypEeHTHOI
HEPOHHOI MepexXi Ta Mepexki OBroi KOpOTKOYaCHOI Iam'sITi. Y 4eTBepToOMYy po3aisi 1111 aBTOMaTU30BaHOTO
BHMKOPHMCTaHHSI, TECTyBaHH: i Bepudikalii po3pobieHnx METOIiB 6yJI0 CIIPOEKTOBAHO Ta pO3p00JIEHO BiANoOBigHe
nporpamHe 3abesnedeHHs. [IporpamHe 3a6e3nedeHHs 419 aBTOMaTu3alii noganHs MapKoBCbKOTO NPOLECY BULOTO
MOPSZKY Y BUIJISZ] €KBiBaJIEHTHOTO MIPOLECY MEPIIOrO MOPSIKY 3 JOAATKOBUMMU BipTyaslbHUMU CTaHAMU
peasizoBaHo 3a gornomoroto 6ibsiorexu React]S (ns1s Bisyasnizauii rpaga 6ys10 BUKOpUCTaHO 6i6y1i0TeKy react-d3-
graph) i moBu nporpamyBsaHHs1 JavaScript. [Iporpamuauii 3aci6 4J1s1 po3paxyHKy HaJiliHICHUX XapaKTepUCTUK
CKJIQJHUX TEXHIYHMX CUCTEM Ha OCHOBI (PYHKIIii Tpale31aTHOCTI J03BOJIsSIE Bi3yabHO NPENCTaBUTH
(dYHKLIOHYBaHHS i B3a€EMOJIiI0 MOIyJIiB CUCTEMHU Ta Ha iX OCHOBI BU3HAYMTH QYHKIIiIO MPale3gaTHOCTi CUCTEMH,
nobynysaty rpad cTasis i nepexoiB, BUBHAYUTH Ta PO3B’I3aTH CUCTEMY IU(epeHLiaJbHUX PiBHSHD i BUBHAUUTU
II€BHIi IOKa3HUKU HaAiHOCTi. TecTyBaHHS po3pobieHoro [13 npoeMOHCTPYBaIo BUCOKUH PiBeHb MBUIKOII IPU

MOJIeJTIOBaHHS.

2. The thesis paper solved the relevant scientific and applied task in the sphere of software engineering - increase
prediction reliability and estimation of reliability indicators of software and hardware systems by improving
related models of reliability and creating methods and tools of automation their producing. The first chapter: The
software systems’ basic concepts, criteria, and reliability indicators are examined in the first chapter. A detailed
description of software reliability models and their features is presented. The analysis showed that the growing
complexity of software and hardware systems requires developing and improving reliability models with an
increasing degree of their sufficiency. The practical use of certain methods and models is somewhat complicated
and is related to large-scale problems solving and complex calculations that make it impossible to perform these



tasks manually since the probability of error in producing and analyzing such models increases, so this process
requires special automation methods. Using the model based on high-order Markov chains was considered a
means to increase the authenticity of the indicators evaluation reliability software, as this model considers the
background of previous software modules. Also, methods for predicting software defects based on code metrics
were considered (defect means the presence or absence of software defects in the proper software module). These
predicting methods of software defects allow developers to identify defects based on available software indicators
and thus improve the quality of software. As the literature analysis has shown, the available approaches have
certain imperfections: insufficiently high prediction accuracy; there is no consensus on the impact of software
code metrics on its quality indicators, and in particular, reliability; the question of defining the set of metrics of
program code that most correlate with indicators of its quality. The second chapter described the developed
methods for automation the representation of a higher-order Markov process by an equivalent first-order process
with additional virtual states and determining the working function (condition) for Markov software reliability
models. The use of developed methods allows to automate the process of using appropriate reliability models,
reduces the impact of the human factor, and, accordingly, reduces the probability of errors entering in the use of
these methods and models and increases the authenticity of reliability evaluation. The CubeSat nanosatellite's
flights on the software reliability example evaluation were realized and tested to demonstrate the practical use and
verification of the developed method of presenting a higher-order Markov process. This study aims to determine
how the failure rate of the software system will change during the evaluation using traditional Markov chains of
continuous-time, as well as Markov chains of the second and third-order. As a result of the study, it was
demonstrated that higher-order Markov chains could significantly increase the accuracy reliability evaluation of
complex software systems both in failure rate and time dependence. The chapter also describes certain
combinatorial formulas that allow to determine the maximum and the minimum number of system states from the
total state space and individual formulas for determining the maximum and the minimum number of operational
states and idle states from the full set for a system of n elements and r renewal. These formulas allow you to
quickly estimate the possible state space of the system with known values of n and r without the use of special
technical means. The third chapter aims to improve software defect prediction models by using machine learning
methods to select the metrics that most affect software modules' defects and develop a method of classifying
software modules by defect based on the use of a stacking ensemble of neural networks. Based on the results of
the study, a software defect model was produced using a set of code metrics obtained as the most important
features and regression method. A classifying method of software modules by defects based on code metrics using
a neural network stack ensemble has been developed. In the fourth chapter, appropriate software was designed
and developed for the automated use, testing, and verification of the developed methods. Software to automate
the representation of the higher-order Markov process as an equivalent first-order process with additional virtual
states was implemented using the ReactJS library and JavaScript as a Web application. Software for calculating the
reliability characters of complex technical systems based on the efficiency functions allows to represent the
operation and interaction of system modules and on their basis to determine the function of the system. Testing of
the developed software has shown that the developed software gives a high performance level.
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1. Isonin IBan BikTOpOoBUY

2. Ivan V. Izonin

KBasigikamis: . t. u., nouenrt, 05.13.23

InenTudikarop ORCID ID: 0000-0002-9761-0096

JopaTrkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHIUYHOI 0COOM: HanjionanbHuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micueanaxonmennﬂ: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu



InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

Biacue IpizBume Im's I[10-6aThKOBI Denaciok JMutpo BacuiboBuy
TOJIOBH pajgu

Biacue IpizBume Im's ITo-6aThKOBI Denactok [IMutpo BacuiboBuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY JKypasuax Jl0608 MuxaitniBHa
00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




