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IMPpUPOJHOMOBHUX TEKCTOBUX NAHUX

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

Pedepar:

1. PoboTa npucssiueHa BUpIllIeHHIO HAyKOBOi 3a71a4i BIOCKOHAIEHHS TEOPEeTUYHUX (METOiB) Ta IPAKTUYHUX
(mporpaMHux 3ac06iB) OCHOB TE€CTYBaHHS IPOIrPAMHUX CUCTEM aBTOMaTUYHO] KylacTepusallii IpUpOLHOMOBHUX
TEKCTOBUX JAHUX. Y TUCEPTALilHi pOOOTi OTpPUMaHO HU3KY HOBMX HAYKOBUX PE3YJIbTATiB, 30KpEMA, yIeplle
PO3p0O06JIEHO METOJ, METAMOP()iYHOT0 TECTYBAHHS TPOrPAMHUX CUCTEM aBTOMATHUYHOI KJlacTepu3allii
IIPUPOIHOMOBHUX TeKCTOBUX NaHux MEETC, skuil, Ha BiIMiHYy BifI iCHyl04MX METO/IiB, € 3aCTOCOBHUM 10
[IPOrpaMHUX peasizaliil 6yJb-sKUX IeTePMiHOBaHMX METO/IB KjlacTepu3allii TEKCTIB 6€3 BXiJHOT0 NapaMeTpy
KiJIbKOCTI KJIacTepiB Ta 3abe3nedye e(peKTUBHICTb MyTalLliIHOTO TeCTYBAaHHS 32 TIOKA3HMKOM OL[iHKM MyTallii y 81-

100%. Yniepuie po3po6sieHO METO[, MeTaMOP(iYHOTO TeCTyBaHHS [IPOTPaMHUX CUCTEM aBTOMATUYHOI KjlacTepu3allii



MIPUPOJHOMOBHUX TeKCTOBUX NaHux MEETC-k, gxuii, Ha BigMiHy Bif iCHYIOUHMX METO/B, € 3aCTOCOBHUM 10
[IpOrpaMHUX peasizauiil 6yb-sSKUX IeTepMiHOBaHMX METOMIB KyacTepusallil TEeKCTIB 3 BXilHUM [lapaMeTPOM
KiJIbKOCTIi KJIacTepiB Ta 3abe3neuye epeKTUBHICTb MyTalliiHOIO TECTYBaHHS 33 IIOKAa3HUKOM OLiHKM MyTallii y 86-
100%. Ynepiie 3aliponOHOBAHO y3arajbHEHY apXiTEKTypy IPOrPaMHOro 3a0e3Me4yeHHs 119 MeTaMop¢idHOro
TECTYBaHHSI Ha OCHOBI BUKOPUCTAHHS MOjieJli 6e3cepBepHUX 0OUNCIIEHD, IO JO3BOJISE CIIPOCTUTHU IPOLEC
PO3pO6JIEHHS IPOrPpaMHUX 3aC00iB 17151 MeTaMOPQIYHOTro TeCTYBaHHS Ta JOCSITU [IPUCKOPEHHS] BUKOHAHHS
TeCTYBaHHS IIPOrPaMHUX CUCTEM KylacTepusallii TeKCTiB y 34-50%, B IOPiBHSHHI 3 iCHYIOUMMU apXiTEKTypamHu.
Ynepie po3pobsieHo apxiTeKTypHUI abJI0OH NIPOEKTYBaHHS IPOrpaMHOro 3abesnedeHHs «Metamorphic Testing-
as-a-Service», XapaKTepHOIO PUCOIO SIKOTO € JeKOMIIO3ULisi MeTaMOp(iYHOro 3B's13Ky Ha OKpeMi CKJIaJoBi Ta
KoJioreHepallisi Tin meTamop@iuHuX 3B513KiB i 6e3cepBepHUX QYHKIIiM. BUKOpMCTaHHS 3aIIPOIIOHOBAHOTrO LIA0JIOHY
IO3BOJISIE 3MEHIINTY OyOJIOBAHHS i 3B’I3HICTb IPOrPAMHOr0 KOAY NPU PO3pOO6JIEHHI IPOrPaMHUX 3aC0O0iB IJ1s1
6e3cepBEPHOr0 METaMOP(PiYHOrO TECTYBaHHS Ta MOKpPAIllye CTaHAAPTHI METPUKU SIKOCTi KOJy: KiJIbKiCTb PSIZIKiB
BMKOHYBAHOTO KOJY Ta 3B'SI3HICTb KJIACiB B LIIJIOMY, IUKJIOMaTUYHY CKJIAQAHICTb Ta iHAEKC HiATPpUMYyBaHOCTI OJ1s1
OKPEMUX KOMIIOHEHT. YIiepiue po3po6JieHO CiIMENCTBO METO/IiB FeHEPYBAHHS KOPITYCiB TEKCTOBUX JAHUX
CorDeGen, xapaKTepHOIO PUCOIO SIKUX € NETEPMiIHOBAHICTD Ta JIETKICTb allPiOPHOTrO OMUCY CTPYKTYpPU
OTPUMYBAHOTO KOPITyCY Ta $IKi, Ha BiIMiHy BiJi iCHyl0UMX ME€TO/IiB TeHepyBaHHS KOPIIYCiB, IPUIMAIOTh Ha BXi,
MiHIMaJIbHO MOJKJIMBY KiJIbKiCTb IIapaMeTPiB, TAKMM YMHOM CIIPOILYIOUYM OIHUC, 30€piraHHs Ta BiITBOPEHHS
pesyzbTartis: 1. 6a3oBuil meton CorDeGen - Ha BigMiHY BiJ] iHINMX METO/IB CIMEICTBa, 3a6e31e4ye HAaBUILY
IIBUAKICTb T€HEPYBAHHS KOPIIYCiB 32 PAXyHOK BUKOPUCTAHHS 6iJIblll CKJIAAHOTO allpiOPHOTO OMUCY CTPYKTYpH
OTPUMYBAHOT'O KOPIIYCY, 1110 BUKJIMKAHO BUIAJIEHHSIM YaCTUHU T€HEPOBAHUX TEPMiB METOAMU MONEPETHBOTO
00p0o06JIEHHS IPUPOAHOMOBHUX TEKCTOBUX AaHUX; 2. MeTol, CorDeGen+ — Ha BiAMiHy Bif, iHIIMX METO/IB CiMeCTBa,
YHUKAa€ BUJAIeHHS YaCTUHU FeHEPOBAHUX TEPMIB 3 KOPITYCY, 3aBISIKA YOMY MOJIETIIYETHCS alIPiOPHUIA OIUC
CTPYKTYPY OTPUMYBAHOTO KopIycy; 3. metog, SemCorDeGen - Ha BigMiHy Bif iHIIUX METOMIB CIMENCTBA, FEHEPYE
KOPITyCU TEKCTIB, SIKi MOKJIMBO BUKOPUCTOBYBATH Pa3oM 3 METOAAMU 0OPOOJIEHHS IPUPOIHOMOBHUX TEKCTOBUX
IQHMX HAa OCHOBI 3aCTOCYBaHHSI CEMAaHTUYHUX MOJIeJIeN 32 PaxyHOK PO3LMIMPEHHS KiJIbKOCTI BXiJHUX TapaMeTpiB.
[IpakTHyHe 3HaYE€HHS OJJ€P>KAaHMX PE3YyJIbTATIB MOJISIrae y CIPOILEHHI IPOLecy po3po6IeHHs IPOrpaMHUX 3ac006iB
17151 MeTaMOp(]iYHOTO TeCTYBaHHS B 11iJIoOMY (32 paXyHOK BUKOPUCTaHHS y3arajbHeHoi 6e3cepBepHoi apXiTeKTypu Ta
mabJyIoHy TpoeKTyBaHHs «MTaaS») Ta, 30KpeMa, 17151 TECTYBaHHSI IPOrPaMHUX CUCTEM aBTOMATHMYHOI KjlacTepusariii
MIPUPOJHOMOBHUX TEKCTOBUX JIAHUX (32 paXyHOK BUKOPUCTaHHS CIMENCTBA METOJiB FTeHEPYBaHHS KOPIYCiB TEKCTIB
CorDeGen). Kpim Toro, cimeiictBo metoziB CorDeGen Tako MOXKe BUKOPHUCTOBYBAaTHCh Ha IIPAKTHUL]i B HAYKOBUX
IOCTiIKeHHSIX 171 MiABUILEHHS iX BiiTBOpIoBaHOCTI. Po3po6JieHi nporpamHi 3acobu ony6s1ikoBaHO y BiIKPUTOMY
IOCTYII, AJ1s iX YaCTUHU CTBOPEHO Ta OIMy0JIiKOBAaHO 3arajbHONOCTYIHI NuGet nakerTy, siKi MOXYTb IiJI'€JHyBaTHACh

Ta BUKOPUCTOBYBATUCh CTOPOHHIMU PO3POOHUKAMMU.

2. 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 "MTaaS" 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.
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