PEDEPAT

AKTyaJbHICTh TeMH. BaXJMBICTh TECTYBaHHS MPOTPaMHOTO 3a0€3MeUeHHs
3aBXKIU 3aJMIIAETbCS  aKTyalbHOIO TMpobiemoro. KopucrtyBadi mnoTtpelyroTh
HaJiliHe TIporpamMHe 3a0e3MeUeHHs, K€ He CTAaHOBUTH 3arpo3y IXHIM MPHUCTPOSM.
JIns TecTyBaHHSI CTBOPIOETHCS BCe OUIbIIE MporpaMHUX 3aco0iB Ta yTwiiT. He
BUHATOK 1 cepa MammHHOrO HaBuaHHs. CHUCTEMU OCHOBaHI Ha MAIIMHHOMY
HaBYaHHI OTPEOYIOTh PETENBHOT MEePEeBIPKH Mpane3aaTHocTi. Tpaauiiitai MmeTou
TECTYBaHHS HE 3aBXIU MOXYTh OyTH BHUKOPHCTaHI dYepe3 HEOOXIIHICTh Y
Belnue3Hux 00’emax ganux. Tomy B 1998poiii Oyno 3anponoHoBaHe metaMopdHe
tectyBaHHs. Oco0yMBa mepeBara sIkoro 11e TeHepalliss HOBUX TECTOBUX BUIAJKIB 3
BXKE€ ICHYIOUHMX, IO BUKJIIOYA€ HEOOXIAHICTh B CTBOPEHHI a00 TOIIYKY BEIHKUX
00’€MIB JaHUX JJI TECTYBaHHS CUCTEM.

O00’ekTOM HOCTiIAKEHHSI € TECTYBaHHS MPOTrPaMHOro 3a0e3leueHHs Ha
OCHOBI1 MAIIIMHHOTO HAaBYaHHSI.

IIpeamerom gocaixkeHHss € MeTaMOp(HUI METOJ TECTYBaHHS HEUPOHHUX
MEpEXK AJIs pO3Mi3HaBaHHS 300pakeHb.

Meta po0OTH: TOKPAIIUTH TECTOBE MOKPHUTTS HEUPOHHUX MEpex s
po3mi3HaBaHHS O0’€KTIB 3a JIOMOMOTOI0 BU3HAYCHHS METaMOP(HUX BiTHOIICHD,
K1 B CBOIO YEPTy JO3BOJIAIOTH 3aCTOCOBYBATH MeTaMOp(HE TECTyBaHHS.

HaykoBa HOBH3HA TOJISTa€ B HACTYITHOMY:

1. Brnepie 3anpornonoBaHo MeraMopgHi BIAHOIIEHHS JII HEHPOHHUX
MepeX pO3Mi3HaBaHHS 300pakeHb, IO J103BOJISIE JTOCATHYTU CTBOpPEHHS B 49 pa3
OUIBIIOT KUJIBKOCTI TECTOBMX BUMNAAKIB Ha KOXKEH 3 ICHYIOUMX Yy MOPIBHSHHI 3
TPATUIIIHHUM II1]IXO0JIOM.

IlpakTuyHa HiHHiCTH omucaHi MeTaMOp(HI BIAHOUIEHHS MOXYTh OyTH
3aMpoOBa/KEHI y BXKE ICHYIOUl TIPOCKTH, SIKI OCHOBaHI Ha BUKOPHUCTaHHI
MaITUHHOTO HAaBYaHHS, PEalli30BaHUN MPOTPAMHUNA MOIYNIb Uil Moaudikarii
MOKe OyTH JOMOBHEHMII HOBUMH METOAaMU MOAM(QIKaIil 300pa’keHb, OCKUIbKU

peani3oBaHuil B JOCUTh MPOCTUH Ta 3pYYHUN CrOCiO JIsl pO3IMIUPEHHS.



Anpobanis po6oru. 3anmpornoHOBaHMN MiAXix OyB MpEACTaBICHUN Ta
0OroBOpeHUi Ha HayKOBil KOH(eEpeHiii MaricTpauTiB Ta acmipaHTiB «[Ipuknanna
MatemaTuka Ta koM 1oTuHr» [IMK-2022 (Kuis, 16 - 18 muctomana 2022 p.) Ta Ha
IX MixnapoaHiii HaykoBoTexHIuHIM Internet koudepenmii «CydacHi MeTOnH,
iHopMalriiiHe, TporpaMHe Ta TeXHIYHE 3a0€3MEUCHHS CHCTEM KepyBaHHS
OpraHi3aliifHO-TeXHIYHUMH Ta TEXHOJOTTYHUMHU KOMILJIEKCAMIY, SIKa IPOBOUIACH
25 nucronana 2022 p. y HarioHannbHOMY yHIBEPCHUTETI XapuOBUX TEXHOJIOTIH.

CTpykrypa Ta 00cAr podoru. Maricrepchbka JucepTallisi CKJIAaeThbCs 3
BCTYILY, YOTUPbOX PO3/1IIB T4 BUCHOBKIB.

YV 6cmyni mogaHO 3araibHy XapaKTepUCTHKY pPOOOTH, MOKAa3aHO HAYKOBY
HOBU3HY 1 IPAKTUYHY LIHHICTH pOOOTH.

YV nepwomy po30ini po3rigHYTO MPOOJIEMATUKY TECTYBaHHS CYYacHOTO
IPOrpaMHOro 3a0€3MEYeHHs] Ta PO3IJSHYTO METOAM TECTYBaHHS IMPOrPaMHOTO
3a0e3MeyeHHs.

Y opyzomy po30ini HaBeAEHO OMUC TEOPETUYHOI YACTUHHW Ta BU3HAYCHHS
MeTaMOp(pHUX BIAHOUIEHB ISl HEUPOHHUX MEPEX PO3Ii3HABAHHS 300pakKEeHb.

Y mpemvomy po30ini HaBENEHO OCOOJIMBOCTI MPAKTHUYHOI peanizaiii
nporpamMHoi 010110TeKH, MepeBaru BUKOPUCTAHHS 0OpaHOi MOBU MpOrpamMyBaHHS,
a TaKOXX JTOJATKOBUX 1HCTPYMEHTIB

Y uemeepmomy po30ini TMPOBENEHO TECTYBaHHS ICHYIOUMX CHUCTEM IS
pO3Mi3HaBaHHS 300paKeHb METaMOP(GHUM TECTYBaHHSIM.

V sucnoexax npeacTaBieHi pe3yabTaTH MPOBEACHOT pOOOTH.

PoGoTta mpencraBiena Ha 80 apkymiax, MICTUTh IOCWUJIAHHS Ha CIUCOK
BUKOPHCTAHUX JIITEPATYPHUX JIKEPE.

KuarouoBi cjioBa: TecTyBaHHS MporpamMHOro 3abesmeueHHs, MeramopdHe
TEeCTyBaHHS, HEUPOHHI MepeXi po3Mi3HAaBaHHS 300pakeHb, MeTaMmop(Hi

BITHOIIIEHHS.



ABSTRACT

Actuality of theme. The importance of software testing is always a pressing
issue. Users need reliable software that does not pose a threat to their devices.
More and more software and utilities are being created for testing. The field of
machine learning is no exception. Systems based on machine learning require
thorough performance testing. Traditional testing methods cannot always be used
due to the need for huge amounts of data. Therefore, metamorphic testing was
proposed in 1998. The special advantage of which is the generation of new test
cases from existing ones, which eliminates the need to create or search for large
volumes of data for testing systems.

The object of research is software testing based on machine learning.

The subject of research is the metamorphic method of testing neural
networks for image recognition.

The goal of the work: to improve the test coverage of neural networks for
object recognition by defining metamorphic relations, which in turn allow the
application of metamorphic testing.

The scientific novelty consists in the following:

1. For the first time, metamorphic relations for neural networks of image
recognition are proposed, which allows to achieve the creation of 49 times more
test cases for each of the existing ones compared to the traditional approach.

The practical value of the described metamorphic relations can be
introduced into already existing projects that are based on the use of machine
learning, the implemented software module for modification can be supplemented
with new methods of image modification, since it is implemented in a fairly simple
and convenient way for expansion.

Approbation of work. The proposed approach was presented and discussed
at the scientific conference of master's and postgraduate students "Applied
mathematics and computing” PMK-2022 (Kyiv, November 16 - 18, 2022) and at
the IX International scientific and technical Internet conference "Modern methods,

information, software and technical provision of management systems of



organizational, technical and technological complexes”, which was held on
November 25, 2022 at the National University of Food Technologies.

Structure and scope of work. The master's thesis consists of an
introduction, four chapters and conclusions.

The introduction gives a general description of the work, shows the
scientific novelty and practical value of the work.

In the first chapter, the problems of modern software testing are considered
and software testing methods are considered.

The second chapter provides a description of the theoretical part and
definition of metamorphic relations for neural networks of image recognition.

In the third section, the features of the practical implementation of the
software library, the advantages of using the selected programming language, and
additional tools are given

In the fourth chapter, existing systems for image recognition are tested by
metamorphic testing.

The results of the work are presented in the conclusions.

The work is presented on 81 sheets, contains links to the list of used literary
sources.

Keywords: software testing, metamorphic testing, neural networks for

image recognition, metamorphic relations.



