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Meromu Ta nporpaMHi 3acofu  MeTamMopdiyHOrO TECTyBaHHS IIpOrpaMHMX CHCTEM AaBTOMAaTH4HOI KjacTepusarfii
MIPUPOIHOMOBHUX TEKCTOBHX JaHUX

Tema (aHrJ1.)

Methods and software tools for metamorphic testing of software systems for automatic clustering of natural language text data

Pedepar (yxp.)

Po6oTa npucesdeHa BUPIMEHHI0 HayKoOBOl 3a1ayi BAOCKOHANEHHS TEOPETHYHUX (METOMIB) Ta MPAaKTUYHUX (MPOrpaMHUX 3acoGis)
OCHOB TECTYBaHHA TPOrPAMHMX CHCTEM aBTOMAaTHYHOI KiacTepHsalii MPHPOTHOMOBHMX TEKCTOBMX JaHUX. Y AucepTariitHii
poGOTI OTPUMAHO HU3KY HOBMX HAYKOBMX DPe3yJbTATIB, 30KPEMa, yIEepile po3po6ieH0 MeTof MeTaMop¢idHOro TecTyBaHH:
NIPOrpaMHMX CHCTEM aBTOMAaTM4HOI KlacTepusalii NpUPONHOMOBHUX TEKCTOBUX HaHuX MEETC, axkuii, Ha BigMiHY Bl iCHYHOUMX
METOZIB, € 3aCTOCOBHMM [0 MPOrpaMHUX peanizaiiii 6ynb-aKHUX NEeTePMiHOBAHMX METOMIB KiacTepusanii TekcTiB 6e3 BxifHOro
napaMeTpy KibKocTi KinacTepiB Ta 3afesnedye eeKTHMBHICTL MyTalifiHOrO TECTYBaHHA 3a MOKA3HHMKOM OUiHKK MyTamii y 81-
100%. VYnepime pospofneHo MeTom MeTaMop(iyHOro TEeCTyBaHHS IMPOrpaMHHX CHCTEM AaBTOMAaTUYHOI Knacrepusanii
HPUPOLHOMOBHUX TEKCTOBUX Hanux MEETC-k, skuif, Ha BifgMmiHy Bix icHyHOYMX METOAB, € 3aCTOCOBHMM JI0 MPOTPaMHMX
peanmizaniii 6Gynp-AKUX JEeTEePMIHOBAHMX METOAIB Knacrepusauil TEKcTiE 3 BXIIHMM MapamMeTpOM KiNbKOCTI Knacrepis Ta
3abesneuye edeKTHBHICT:E MYTALiHHOTO TECTYBaHHA 3a IIOKAa3HMKOM OLiHKM Myrauili y 86-100%. Ynepiue 3ampornoHOBaHO
y3arankHeHy apxiTekTypy NPOrpaMHOr0 3afesnedyeHHs [y MeTamOpGhidHOro TECTyBaHHsS HA OCHOBI BHMKODMCTAHHS Mojeni
GescepBepHUMX OBYMCHIEHb, 1[0 JO3BOJISE CHPOCTHTH TPONEC po3poblneHHs NporpaMHMX 3acobiB ans meTamopdiuHoro
TECTYBaHHS Ta [OCATTH NPUCKOPEHHS BUKOHAHHA TECTYBaHHS INPOrpaMHHX CHCTeM KiacTepusauii Terctie y 34-50%, B
nopiBHgHHI 3 icHyloyuMuM apxiTexkTypamu. VYrmepme po3pob6neHO apxiTekTypHMH wmWAabloH TPOEKTYBaHHS MPOTPaMHOrO
sabesnevenHy «Metamorphic Testing-as-a-Service», XapakTePHOI PHCOIO SKOT0 € JIEKOMIO3MIA MeTamop@iyHOro 3B'A3Ky Ha
OKpeMi CKNafoBi Ta KojoreHepaulis Tin meTamop®ivHMX 3B'A3KIB i GeaceppepHMX (YHKLUiN. BHKOpDHCTaHHA 3alpOTIOHOBAHOTO
WABIOHY [O3BONSE 3MEHIWTH Ay6MioBaHHA | 3R'M3HICTE MPOrpaMHOrO KOOy HPH PO3pobneHHI mporpamHux 3acobis mams
HeacepBepHOro MeTamop®iuHOrO TECTYBAHHS Ta IOKpallye CTaHAAPTHI METPMKM AKOCTI KOJY: KiJIbKICTb PAJAKIB BMKOHYBaHOTO
KOy Ta 3B'A3HICTh KJaciB B LiOMy, UKJIOMATHYHY CKIaLHICTh Ta iHZEKC NiATPUMYBAHOCTI A1 OKPEMMX KOMIIOHEHT. Yrepuie
pospobneHo ciMeHCTBO METOAIB reHepysaHHs KopmyciB TekcroBux faHux CorDeGen, XapakTepHOK DHCOK SKHX €
JeTepMiHOBaHICTE Ta JIETKICTh allpiopHOTO ONHCY CTPYKTYPHM OTPMMYBAHOTO KOPIIYCY Ta fKi, HA BiIMIHY Bil iCHYIOUMX METOZIB
reHepyBaHHs KOPIYCIB, NMPUIMAlOTh Ha BXiZ MIHIMAnbHO MOMIMBY KiZbKiCTh NapaMeTpiB, TakKMM YMHOM CIHPOMYIOUM OIHC,
36epiranng Ta BinTBOpEHHs pezynbTatie: 1. Gazosuit Merorn CorDeGen - Ha BigMiHy Bif iHmMX MeTomiB cimelicTa, 3abesnevye
HafBUINy [IBMOKICTL TeHEpyBaHHS KOPIYCiB 3a paxyHOK BHMKOPHCTAHHA OiNbIl CKJIaJHOTO anpiOpHOro OMHCY CTPYKTYpH
OTPUMYBAHOIO KOPIYCY, 110 BUKJIWKAHO BMAANEHHAM YacTHHM FeHEPOBAaHMX TEPMIB METOAaMM TOMEPEAHLOr0 OBpoOIEHHA
IIPUPOJHOMOBHHX TEKCTOBMX mJaHux; 2. Meron CorDeGen+ - Ha BiOMiHY Bif iHWMX MeTOHIB CIMEACTBA, YHMKAe BHIAJIEHHA
YaCTHHUW T€HEPOBAHWX TEPMIB 3 KOPIMYCY, 3aBIAKM HOMY MOJErmyeThCs anpiopHuil OMUC CTPYKTYPH OTPHMYBAHOTO KOPIYyCY; 3.
meton SemCorDeGen - Ha BiIMIHY Bifl iHIDMX MeTOAIB ciMelCTBa, TreHepye KOPIYCH TEKCTIB, AKi MOXJIMBO BHKOPMCTOBYBaTH
pa3oM 3 MeToZamMK 06pO6IeHHS NPUPOJHOMOBHHMX TEKCTOBHX JaHMX Ha OCHOBI 3aCTOCYBaHHS CEMaHTHYHNUKX MOJEIeR 3a paxXyHoK
pO3IIMpEeHHs KiMBKOCTi BXimHWX TapametpiB. ITpakTW4He 3HayeHHA OJEPKAHMX PEe3y/bTaTiB MOJNSrae y CHPOLIEHHI ITpolecy
po3poGneHHs TPOTPaMHUX 3aco6iB 1 MeTamop@idHOro TECTyBaHHA B ILIJIOMY (328 PaxyHOK BHKODHMCTAaHHS y3arajbHeHoi
BesceprepHOl apxiTeKTypu Ta WIabIOHY MpoeKTyBaHHs «MTaaS») Ta, 30Kpema, [/ TECTYBaHHSA MPOrPaMHUX CHCTEM
aBTOMATHYHOI KJIacTepu3auii IPUPOJHOMOBHMX TEKCTOBHMX JAHMX (32 PaXyHOK BUKODHUCTaHHA CiMEHCTBA METOJIB reHepyBaHHSA
xopryciB TekcriB CorDeGen). Kpim Toro, cimeficteo mertonis CorDeGen TakoX MOXE BHMKOPHCTOBYBaTHCh Ha IPaKTHUIi B
HAYKOBUX MOCTIIKEHHAX [Jf MifBMINEHHs ix BifTBOpIOBaHOCTi, PozpofneHi mporpamui 3acodM OmybiikoBaHO Y BiIKpHTOMY
pocTymi, mas iX 4YacTMHM CTBOPEHO Ta ony6mikoBaHO saranbHOAOCTYNHI NuGet nakeTH, aki MOXYyTh Mif'eZHyBaTHCh Ta
BHKODHMCTOBYBATHCH CTOPOHHIMM PO3POGHMKAMM,

Pedepar (anrn.)

Thesis is devoted to solving the scientific problem of improving the theoretical (methods) and practical (software) foundations of
testing software systems for automatic clustering of natural language text data. The dissertation provides several new scientific
results, in particular, for the first time, the method of metamorphic testing of software systems for automatic clustering of



natural language text data MEETC was developed, which, unlike existing methods, is applicable to software implementations of
any deterministic methods of text clustering without the input parameter of the number of clusters and ensures the
effectiveness of mutation testing according to the mutation score in 81-100%. For the first time, the method of metamorphic
testing of software systems for automatic clustering of natural language text data MEETC-k was developed, which, unlike
existing methods, is applicable to software implementations of any deterministic text clustering methods with the input
parameter of the number of clusters and ensures the effectiveness of mutation testing according to the mutation score in 86-
100%. For the first time, the basic software architecture for metamorphic testing based on the use of a serverless computing
model is proposed, which allows to simplify the process of developing software tools for metamorphic testing and to achieve an
acceleration of the testing of text clustering software systems by 34-50%, compared to existing architectures. For the first time,
the architectural software design pattern "Metamorphic Testing-as-a-Service" was developed, the characteristic feature of
which is the decomposition of the metamorphic relation into separate components and the code generation of the bodies of
metamorphic relations and serverless functions. The use of the proposed pattern makes it possible to reduce the duplication
and coupling of the software code when developing software tools for serverless metamorphic testing and improves the
standard metrics of code quality: the number of lines of executable code and the class coupling as a whole, the cyclomatic
complexity and the maintainability index for individual components. For the first time, the family of methods for generating
corpora of text data CorDeGen has been developed, the characteristic feature of which is the determinism and ease of a priori
description of the structure of the received corpus, and which, unlike the existing corpus generation methods, accept as input
the minimum possible number of parameters, thus simplifying the description, storage and reproduction of results: 1. the basic
CorDeGen method - unlike other methods of the family, provides the highest speed of corpora generation due to the use of a
more complex a priori description of the structure of the received corpus, which is caused by the removal of a part of the
generated terms by methods of pre-processing of natural language text data; 2. the CorDeGen+ method - unlike other methods
of the family, it avoids removing part of the generated terms from the corpus, which facilitates the a priori description of the
structure of the resulting corpus; 3. the SemCorDeGen method - unlike other methods of the family, generates corpora of texts
that can be used together with natural language text data processing methods based on the application of semantic models due
to the expansion of the number of input parameters. The practical significance of the obtained results lies in the simplification of
the process of developing software tools for metamorphic testing in general (due to the use of the basic serverless architecture
and the "MTaa8" design pattern) and, in particular, for testing software systems for automatic clustering of natural language text
data (due to the use of the family of text corpora generation methods CorDeGen). In addition, the CorDeGen family of methods
can also be used in practice in scientific research, to increase their reproducibility. The developed software tools are published
in open access, for some of them publicly available NuGet packages have been created and published, which can be connected
and used by third-party developers.

TonoBa creniamizosanoi Buenoi pagu: Xapikos Exyapy B'auecsaaBosud (1. T. H., go1., 05.13.06)

7/

" %
AN
\Hi,nm{/c ',.__-;9'%\
Bigmosizannuuil 3a nomanus noxymenris: I0cuH 1.0, (Tes.: 0986121248) g _g i
%\ﬁ s/
o) /

=
“%.

FOnt”

I‘hj,unuc

N

KepiBHUR Bipginy peecrpanii Haykosoi misnbrocri
VYRpIHTEI

IOpuenxo T.A.




