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Pedepar/anoTamis:

1. Incepranifina po60Ta IPUCBSIYEHA BUPIIEHHIO aKTyaJIbHOI HAyKOBOI 33/1a4i 070 PO3POOKU METOLY
dbopmyBaHH# TecToBuX cueHapiiB (TC) nysa C++ 6i61i0TeK Ha OCHOBI areHTa 3 Q-HaB4aHHAM. O6’eKT NOCTiIKEeHHS —
npouec dpopmysanHs TC nys C++ 6i671i0TEK Ha OCHOBI areHTa 3 Q-HaB4aHHAM. [IpegMeT JOCIiIpKeHHs — METOJIY,
mogesi ta anroputmu popmysanHs TC nyst C++ 6i651i0TeK i3 30epekeHHSIM (3POCTaHHSIM) FiJIKOBOT'O [TIOKPUTTS KOAY
6i06/1i0TeKY, sIKa TECTYETHCH, BiTHOCHO opuriHanbHux TC Ta MiHiMi3alielo TecToBoro Hao6opy (TH). MeTtoto
IycepTauifiHoi pobOTH € MifBUlleHHS ePeKTUBHOCTI TeCTyBaHHS IporpaMHoro 3abesnedeHHs ([13) misaxom
dopmyBaHHs TC pig C++ 6ibioTek Ha OCHOBI areHTa 3 Q-HaBYaHHSM. Y NIepIIOMY PO3/iJii IPOBEIEHO aHaJli3
0ocobmBoCTeN TecTyBaHHs C++ 6i0JiOTEK, a TAKOXK Cy4aCHHUX Miaxoais mopo popmysaHHs TC nng C++ 6i6mioTek.
BusiBneHo obMeskeHiCTb icHytounx metoiB popmysanHs TC nys C++ 6i6ioTek. [TokazaHO HEOOXIIHICTD y

BMKOPHUCTaHHI HaBYaHH 3 HiakpirmieHHsM a1t popmysaHHs TC niist C++ 6i6sioTek. CHopmMyIbOBaHO 3aBIaHHS



OOCIiIXeHHs. Y IpyroMy po3fijli MPOBELEHO NOCIiI)KEHHSI MaTeMaTUYHUX mogenen popmyBanHs TC nisa C++
6i6sioTex Ta anropuTMiB ontumisanii napametpiB TC. [TokazaHo iX 06MeKEHiCTb Y IIOKpalLleHHi [I0Ka3HUKIB
nokputTs TC. YIOCKOHaNIEHO MaTeMaTU4Hy MOJeib >kafiioHoro anroputmy gopmysaHHs TC ajist C++ 6i6tioTek, ska
BpaxoBye Man6yTHIO KopucHicTs Aii TC y ¢pyHkuii Bu6opy aii TC 3a npaBuniom softmax. Y10CKOHaJI€HO alrOPpUTM
nenbTa-gedarrinr minimisauii TC pyg C++ 6i6ioTek, sxkuil npu ¢popmyBanHi rpyn giii TC BpaxoBye crieniasbHui
KpUTEePiil He YHIKaJbHOCTI [ill 171 epeBipKU iX HAJJIMIIKOBOCTI. Y TpeTbOMY PO3iji po3p0o6sieHO MaTeMaTUiHy
mogeinb popmysanHs TC nys C++ 6i6/1i0TE€K Ha OCHOBI areHTa 3 Q-HaBYaHHSIM, SIKA OIIUCYE CTaH areHTa 3
ypaxyBaHHIM cydikciB TC pisHoi [oBXuHY, KoedillieHTa BIIMBY KOpoTiIux cy(dikci TC mig yac OHOBIEHHS
dYHKIII KOPUCHOCTI Ta ypaxyBaHHS y3arajabHeHoi Q-0OLiHKM Iif Yyac BUOOPY HACTYIIHOI [ii. YIO0CKOHANIEeHO
aJITOPUTM HaBYaHHS areHTta 3 Q-HaBYaHHIM Ta po3pobsieHo anroputm gopmysaHHs TC niis C++ 6i6tioTexk Ha
OCHOBI areHTa 3 Q-HaByaHHSIM. Po3pobseno meton popmyBanHs TC s C++ 6i61i0TeK Ha OCHOBI areHTa 3 Q-
HaBYaHHSM. Y YETBEPTOMY PO37iJii IPOBELIEHO OLiHKY e()EeKTUBHOCTI: — yIOCKOHAJIEHOI MaTeMaTUYHOI Mozei
>kazi6Horo anroputMy popmyBaHHs TC piist C++ 6i6J1i0TeK; — yIOCKOHAJIIEHOTO aJITOPUTMY AesbTa-1eb6arriinr
miHimizauii TC pys C++ 6i6s1i0TeK; — 3anporoHOBaHOro MeTony (popmyBaHHs TC piisg C++ 6i61ioTek Ha OCHOBI
areHTa 3 Q-HaBYaHHSM. Y BUCHOBKAaX HaBEJIEHO OCHOBHI Pe3yJIbTaTU JYCEPTALIMHOI pOOOTH Ta MifTBEPIPKEHO
IIOCSATHEHHS [IOCTaBIeHOi MeTU. OTPUMAHO TaKi HayKOBi pe3yabTaTy: 1) yIOCKOHAJIEHO MaTeMaTUYHY MOJIEJIb
kagibHoro anroputMmy popmyBaHHs TC g C++ 6i61ioTek, sika Ha BigMiHY BiJl KJIJaCUYHOI Biipi3HAETHCS TUM, LIO Y
¢dyHK1ii BU60OPY BpaxoBYyeThCsl MalbyTHs KopucHicTb il TC Ta 3acTOCOBY€eThCS paBuilo softmax asis Bubopy g,
110 [03BOJIsSIE OTPUMATH CTabiIbHO BUCOKUI KoedilieHT cTucHeHHs1 TC npu 36epekeHHi (3pOCTaHHi) FJIKOBOTO
IIOKPUTTSI KoAy 6i6J1i0TeKH, sIKa TECTYeThCsl, BinHOCHO opuriHanbHoro TH; 2) Bnepiue po3po6ieHO MaTeMaTUYHY
mogeinb popmysanHs TC nys C++ 6i6/1i0TE€K Ha OCHOBI areHTa 3 Q-HaBYaHHSIM, SIKA OIIUCYE CTaH areHTa 3
ypaxyBaHHAM cydikciB TC pi3Hoi [oBXuHY, KoedillieHTa BIIMBY KOpoTiux cy@dikci TC mig yac OHOBJIEHHS
dyHKLII KOPUCHOCTI Ta ypaxyBaHHs y3arajabHeHoi Q-0OLiHKM Mif] yac BUOOPY Aii, 110 LO3BOJISIE MiIBULIUTU
eeKTUBHICTb HaBYaHHS areHTiB y PO3PiKeHOMY IIPOCTOPIi CTaHiB; 3) Briepiie po3pobeHo meton popmyBaHHs TC
I71s1 C++ 616/1i0TEK HAa OCHOBI areHTa 3 Q-HaBYaHHSIM, SIKAM 3aCHOBAaHUI HA BUKOPUCTAHHI po3po6JeHoi
MaTeMaTU4HOI MOJIeJli Ta yIOCKOHaJIEHOTO aJirOPUTMY AenbTa-febarrinry minimizanii TC nns C++ 6i6ioTrexk, mo
II03BOJIsIE€ 301IBIIUTHU T'iJIKOBE TOKPUTTS KOy 6i6s1i0TeKH, sika TeCTyeThCsl, BifHOCHO opuriHanbHoro TH Ta
CKOPOTUTHU 4ac Ha BUKOHaHHA TH, TMM caMuM NigBUIINATA ePeKTUBHICTb TecTyBaHHS [13. [IpakTU4HE 3HAYEHHS
OTPUMAaHUX PE3YJIbTATIB MOJIAra€e Y HACTYIIHOMY: — YAOCKOHAJIEHA i PO3p00JIeHa MaTEMATUYHA MOJIEJIb TA METOT, Y
Iycepralii € OCHOBOIO 1111 pO3POOKY aJITOPUTMIUHOrO Ta IPOrpaMHOro 3abesnedenHs aisg popmysanHs TC nis
C++ 6i61i0TEK; — 3aCTOCYBaHHS yJOCKOHAJIEHOI i pO3p06JIeHOI MaTeMaTUYHOI MOJieJli Ta METOY JO3BOJISIE JOCSTTH
KoeilieHTa 36epexxeHHs MOKpUTTs 1o 1,225, npu ctucHeHHi TH 3 koediuieHTom ctucHeHnHs no 0,86. 3a
pe3yJsbTaTaMU JOCJiIPKEHHS MiATBePIPKEHO NPAKTUYHY Ta TEOPETUYHY LiHHICTb yIOCKOHAJIEHOI i po3p06s1eHOoi
MaTeMaTU4YHOI MOZEJli Ta METOLY, HalaHO MPaKTUYHI peKOMEHallii o0 iX 3aCTOCYBaHHS Ta PO3IJISHYTO
IIepCIEeKTUBY NIOAJIBIIOrO PO3BUTKY. Pe3ysibTaTi AucepTaliiiHoi po60TU BIIPOBAIKEHO y HAaBYaJIbHOMY IIPOLiECi
Kadenpu KOMI'I0TepHOI iHKeHepii Ta mporpamyBaHHs HallioHaIbHOTO TEXHIYHOTO YHIBEpCUTETY «XapKiBChbKUI
MOJIITEXHIYHUI iHCTUTYT» Ta HaBYaJIbHOMY NpoLieci Kadenpy KOMYHIKalliHUX CUCTEM Ta MepexX BilicbkoBoro
iHCTUTYTY TeseKoMyHikalil Ta inpopmarusauii imeHi I'epoiB KpyT. Kito4yoBi ciioBa: MeToz, MaTeMaTU4Ha MOJEJb,
inpopmauiiiHa cucrema, KOMITIOTEPHA CUCTEMa, TECTOBUM CLI€HApil, TeCTOBUM Habip, C++ 6i61ioTeKa, areHT 3 Q-

HaBYaHHSM, IPOrpaMHe 3a0e3ledyeHHs], aJITOPUTM, BXiTlHi laHi, onTuMizauis, nedeKT, IPUHHATTS pillleHb, OLjiHKa.

2. The dissertation addresses the relevant scientific problem of developing a method of test case (TC) formation for
C++ libraries based on a Q-learning agent. The object of research is the process of forming TC for C++ libraries
based on a Q-learning agent. The subject of research is methods, models and algorithms of TC formation for C++
libraries while preserving (or increasing) the branch coverage of the tested library code with respect to the original
TCs and the test suite (T'S) minimization. The purpose of the dissertation is to improve the efficiency of software
testing using TC formation for C++ libraries based on a Q-learning agent. The first chapter analyzes the specific
C++ libraries testing features, modern TC formation approaches and related methods. Limitations of existing TC
formation methods for C++ libraries are identified. The need for reinforcement learning in TC formation is justified.



The research tasks are formulated. The second chapter investigates mathematical models of TC formation and TC
parameters optimization algorithms for C++ libraries. Their limitations in test coverage metrics improvement are
identified. An improved mathematical model of the greedy algorithm of TC formation for C++ libraries is proposed.
Unlike the classical model, it accounts for the future utility of a TC action in the softmax action choice function. An
improved delta debugging algorithm of TC minimization for C++ libraries is proposed. It applies a special non-
uniqueness criterion when forming action groups for redundancy checking. In the third chapter, the mathematical
model of TC formation for C++ libraries based on a Q-learning agent is developed. The model represents the
agent’s state based on TC suffixes of different lengths, introduces a coefficient that controls the influence of
shorter suffixes during utility function updates, and accounts for a generalized Q-value during selection of the
next action. An improved Q-learning training algorithm and a TC formation algorithm based on a Q-learning agent
are developed. A method of TC formation for C++ libraries based on a Q-learning agent is developed using the
proposed mathematical model and the improved delta debugging algorithm. The fourth chapter evaluates: - the
improved mathematical model of the greedy TC formation algorithm for C++ libraries; — the improved delta
debugging TC minimization algorithm for C++ libraries; - the proposed method of TC formation for C++ libraries
based on a Q-learning agent. The conclusions summarize the main results of the dissertation and confirm the
achievement of the research objective. The following scientific results were obtained: 1) the mathematical model of
the greedy TC formation algorithm for C++ libraries has been improved. Unlike the classical model, it accounts for
the future utility of a TC action in the softmax action choice function, which enables a consistently high
compression ratio of TCs while preserving (or increasing) the branch coverage of the tested library relative to the
original TS; 2) for the first time, a mathematical model of TC formation for C++ libraries based on a Q-learning
agent has been developed. The model represents the agent’s state using TC suffixes of different lengths,
incorporates a coefficient that controls the influence of shorter suffixes during utility function updates, and
accounts for a generalized Q-value during action selection. This approach improves learning efficiency in sparse
state spaces of the Q-learning agent; 3) for the first time, a method of TC formation for C++ libraries based on a Q-
learning agent has been developed. The method is based on the proposed mathematical model and the improved
delta debugging algorithm. It enables an increase in branch coverage of the tested library relative to the original TS
while reducing the execution time of the TS, which improves overall software testing efficiency. The practical
significance of the obtained results is that the improved and newly developed mathematical model and the
proposed method provide a foundation for the development of algorithmic and software tools for TC formation for
C++ libraries. The proposed approach achieves a coverage retention coefficient of up to 1.225 while compressing
the TS with a compression ratio of up to 0.86. The research confirms the practical and theoretical value of the
proposed solutions and outlines prospects for further research. The results were implemented in the educational
process of the Department of Computer Engineering and Programming of the National Technical University
“Kharkiv Polytechnic Institute” and the Department of Communication Systems and Networks of the Military
Institute of Telecommunications and Information Technologies named after the Heroes of Kruty. Keywords:
method, mathematical model, information system, computer system, test case, test suite, C++ library, Q-learning
agent, software, algorithm, input data, optimization, defect, decision-making, evaluation.
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJIITEXHIYHMIA iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninuosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Moxaes Osekcanzp OJsieKCaHIPOBUY



2. Olexandr Mozhayev

KBasigikamis: 1.1, npodecop, 05.13.05

ImenTudikarop ORCID ID: 0000-0002-1412-2696

JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUii HAliOHAIbHUI yHIBEPCUTET BHYTPIlIHIX CIIPaB
Kopg 3a €IPTIOY: 08571096

Micue3Haxoa KeHHs: np-1 JI. Jlanaay, Xapkis, XapKiBcbKuii p-H., 61080, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJ'IiHHﬂ: MiHicTepCcTBO BHYTPIIIHIX CIIpaB YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:

1. Kocenko Biktop BacunboBud

2. Viktor V. Kosenko

KBasigikamis: n. 1. 1., npodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0002-4905-8508

JoparkoBa iHdpopmanist: https://www.scopus.com/authid /detail.uri?authorld=57190443921;
https:/ /scholar.google.com /citations?hl=uk&user=Y93d7YEAAAA]

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi 0COOM: HaujoHambHuit yHiBepcutet "[losTaBChbKa MOJITEXHIKA iMEH]
FOpis Konppatioka"

Kopg 3a €IPIIOY: 02071100

MicueSHaxo,q)KeHHﬂ: npocnekT Bitanig I'puniaenka, [Nontasa, [lontaBcekuil p-H., 36011, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: 0554d9k40

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [ToBOpO3HIOK AHaTOil IBaHOBUY

2. Anatolii I. Povoroznyuk
KBasidikamis: n. 1. 1., npodecop, 05.13.06
Imentudikarop ORCID ID: 0000-0003-2499-2350

JoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=55225664000);
https:/ /www.webofscience.com /wos /author /record /2204478;
https:/ /scholar.google.com /citations?user=g6S23QsAAAAJ



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Jleonos Ceprin IOpiitoBu4

2. Serhii Y. Leonov

KBasigikanis: 1.1, npodecop, 05.13.05

Inentudikarop ORCID ID: 0000-0002-0698-1538

JoparkoBa iHpopMmawist: https://scholar.google.com.ua/citations?user=V4UPJc4AAAAJ&hl=uk

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa KeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi
Biacue IpizBume Im's I1o-6aTbKOBI 3axosopoThuit Onexkcannp IOpiiioBuy

TOJIOBH pajgu

BnacHe IlpizBume Im'st Ilo-6aTbKOBI 3axoBopoTHuit Onexcanzp IOpiioBuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasnbpHuii 3a lli,ILI‘OTOBKy l'yneBny Muxaiio Bosogumuposud
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersHa AHaTosIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




