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AHOTANLIA

Koca B. B. Meroz ekcriepuMeHTaIbHOTO JOCIIIKEHHS TEPMIHOJIOITYHOIO HACUYEHHS B
KOJIEKI[ISIX JOKYMEHTIB Ui 3100yTTS 3HaHb. — KBamidikamiiiHa HaykoBa mparls Ha
npaBax pyKOITHUCY.

JHucepraitis Ha 37100yTTs HAYKOBOTO CTyIEHs JOKTOpa (itocodii 3a cnerianbpHIcTIO 122
- KoM’ roTepHi Hayku. 3anopi3bKuil HalllOHAIBHUHN yHIBEpCUTET MiHICTEpPCTBA OCBITH 1

HayKu Ykpainu, 3anopixoks, 2021.

O0’exkTOM JOCJTI:KEHHSI € TIPOIleC aBTOMATU30BAHOTO 3A00YTTSA, 3 KOJEKIH
peleBaHTHUX JOKYMEHTIB, HAaOOpiB TEpPMIHIB, IO XapaKTEPHU3yIOTh JOBUIbHY
npodeciiiHy nmpeaMeTHy 00J1acTh, JIs TIOAAJIbIIOT TOOYI0BU OHTOJIOTIH IT1€1 TPeIMETHO1
00J1acTi, 3 ypaxyBaHHSIM BIUIMBY SIBUIIIA TEPMIHOJIOTIYHOT'O HACUYCHHSI.

I[IpeameTroMm  JoCHiKeHHS €  METOJ  EKCIEPUMEHTAIBHOTO  JOCIIKCHHS
TEPMIHOJIOTTYHOTO HACHUYCHHS B KOJICKIISAX JOKYMEHTIB JJIs 3J100yTTS 3HaHb Y MPOIIECi
BUBYEHHSI OHTOJIOT1H JJOBUILHOTO JIOMEHY.

MeToro poGoTHM € TIABUINCHHS  PENpPe3eHTATUBHOCTI, e€(EKTUBHOCTI  Ta
pE3yNbTATUBHOCTI 3A00YTTS TEPMIHOJOrIT 3 KOJEKLIH MNpOoPeciiHUX JTOKYMEHTIB Yy
MeXax JIOBUIbHOI MpeaMeTHOI 00JacTl /ISl TTOIaIbIol MOOYA0BH OHTOJIOTIH, HUIIXOM
PO3pOOKH KOMILUIEKCHOTO OOYMCIIOBAIBHOTO METOAY BHUSIBJICHHS Ta BHUMIPIOBAHHS
TEPMIHOJOTTYHOTO HACUYEHHS B KOJEKIISAX MPOo(eciiHUX TEKCTOBUX JOKYMEHTIB, IO
OMHCYIOTh MPEMETHY 00J1acTh.

Y Berymi (po3ain 1) OOIpyHTOBAaHO aKTyaldbHICTh TEMH JUCEPTAIliiHOI poOOTH,
3a3HAYEHO 3B’ 430K pOOOTH 3 HAYKOBO-TEXHIYHMMH MPOEKTaMH, CPOPMYIILOBAHO METY 1
3aBJIAHHS JOCIIIJKEHHS, BU3BHAYEHO 00’ €KT, TPEJAMET Ta METOIU JIOCIIIKEHHS, TOKa3aHO
HAyKOBY HOBH3HY Ta TIPAKTUYHE 3HAYCHHS OTPUMAHUX pPE3yIbTaTiB, HaBEICHO
iH(pOpMAaIIiI0 TPO MPAKTUIHE BUKOPHUCTAHHS JTOPOOKY, OCOOMCTHII BHECOK 3700yBaya,
ampoOailito pe3yJabTaTiB JOCHIDKCHHS Ta iX BHUCBITJEHHS Y HAayKOBUX ITyOJiKaIlisX.
[TpuBOAATHCS BIIOMOCTI IIOJI0 CTPYKTYPH Ta 00CATY AUCEpTaLIiHOI pOoOOTH.

Y po3niii 2 po3TISHYTO Ta MPOAHATI30BAaHO CYYaCHHUI CTaH JOCIIKCHb 32 TEMAaTHKOIO

po6otu. L{e nornomMorio po3poOuTy miaxig 10 MOJAETIOBAHHS IPOIIECY TEPMIHOIOTTUHOTO



HAaCUYEHHS, BUSBJIECHHA Ta BHMIPIOBaHHS pe3yJbTaTIB LbOro Impouecy. Po3ain
MOYMHAETHCA 3 BUKIIALy METOI0JIOT ], sIKY 0yJI0 BAKOPUCTAHO JIJIsl BIAOOPY JiTepaTypHUX
JOKEpeIT JJIsl HAllloro CUCTEMAaTHUYHOro oAy 1 aHamizy (po3ain 2.1). Hami, y po3ainax
2.2 - 2.11 po3rasiHyTO Ta MPOAHATI30BaAHO CYYaCHUM CTaH JOCIHIKEHb y PEJIeBAHTHUX
HAyKOBHUX Tally3siX, MOYMHAIOuUd 3 po3poOku oHTosorid (Ontology Engineering) Tta
BuBUeHHS oHTOJOriH (Ontology Learning) i 3akiHUyIOYH SIKICHUMH JTOCIHITKCHHSIMH
(Qualitative Research). ¥ po3zaini 2.12 pe3roMOBaHO BUSBIICHI TPOTATHHHN y Cy4aCHOMY
CTaHl JOCHIKEHb Ta MOTHUBAIIIO MO0 3MEHIIEHHs LUX NporaiuHu. baszyroouuchs Ha
BUSBIICHMX NPOTAIMHAX, Yy po3aull 2.13 3anponoHOBAHO <JIOPOKHIO KapTy» IS
BUPIIICHHS BUSBJIICHUX BIAKPUTHUX MHUTaHb. Y PO3AUIN 3alpONOHOBAHO OayeHHS Ta
OKpEeCJeHO MiAXiA JyIsi BHUPIINIEHHS LMX TWTaHb JOcHipkeHHsA. Kpim Toro,
chopMyIbOBAaHO MHUTAHHS JOCIIDKCHHS, Ha SKI HEOOXITHO BIATNOBICTH Yy paMKax
OKpECJICHOro  miaxoxy, 1mo0 oTpuMaTd  e(PEeKTUBHMM Ta  pe3ylbTaTUBHUMN
obuncmoBanbHuil Meton. Ha 06a3i nuTaHb JOCHIKEHHS TOCTABJICHO 3aBJaHHS
JOCIIJIKEHHS, BUPIIIEHHS SIKUX Ma€ MPU3BECTH JO JOCATHEHHS MOT0o METH. Y PO3aALII
2.14 mincymMoOBaHO MpPEACTaBIIEHI pe3yJibTaTH OIJIAy Ta aHali3y Cy4acHOro CTaHy
JOCTIKEHb.

Po3nin 3 cdoxycoBaHO Ha BUKOHAHHI MEPIIOTO 3aBIAAaHHS JTOCIIKEHHS — Po3poOir
dbopmanbHOTO (HPEHMBOPKY /I METOIY BUSIBJICHHS Ta BUMIPIOBAHHS TEPMIHOJIOTIIHOTO
HacudeHHs. Po3nin moumHaeTrhes 3 0a30BuX Bimomoctel (po3ain 3.1), MO MICTAThH
BU3HAYEHHSI, HEOOX1AH1 1J1s1 OKpecaeHHs (PoKycy 00paHoro GopMaibHOTO TEOPETUYHOTO
nigxony. ami mpenctaBlieHO TINMOTE3W JOCHIKEHHS, Kl HEOOXIJHO MEpPEBIpUTH B
KOHTEKCTI TeOopeTHYHOro miaxoay. Lli rimoresn chopmybOBaHO HAa OCHOBI MHUTaHb
JTOCJIKEHHS, 10 3TPYNOBaHi y mepiioMy 3aBaani podboru (posain 2.13). Pozainu 3.3
Ta 3.4 30ceperkeHo Ha (opMaIbHOMY BBelleHHI (DYHKIIIT TepMiHOJIOTIYHOT pizHuUI (thd)
Ta JOBEJCHHI i METPUYHUX BJIACTUBOCTEH Yy MPOCTOPI YCIX MOKIMBHUX KOJICKIIIH
JOKYMEHTIB Il IoMeHy. Y po3auii 3.5 chopMyiabOBaHO Ta JIOBEIEHO TEOpPEMYy, MIO
OKPECIIIOE JIOCTaTHI YMOBM ICHYBaHHSI T€PMIHOJIOT1YHOTO HacuueHHs. Ha nmomartok, y
po3nuti 3.6, TOCHIKEHO, Y4 MOXHA ONTUMI3yBaTH METOJ BUMIPIOBAHHS Ta BUSBIICHHSI

TEPMIHOJIOTTYHOTO HACHUYEHHS 3 TOYKM 30py 3MEHIICHHS dYacy Ha OOYMCIICHHS.



VY pesynbTaTi, IPE3eHTOBAHO PO3POOICHUI BIOCKOHAIICHUN METO/I, 1[0 BUKOPUCTOBYE
po3nuieHHs (partitioning) KOJEKIli JOKYMEHTIB Ha YacTKH, 110 HE IMEePETHUHAIOTHCS.
JloBeneHo, 1m0 BIOCKOHAJICHUH METOJI a€ Ti K caml 3HaYeHHsI BUMIipIoBaHb thd, ane
BHUMarae 3Ha4HO MEHIIE Yacy JJisi OOYUCIICHb 1 He € OOMEKEHUM 32 00CATOM KOJIEKIIii.
Kpim Toro, o6rpyHTOBaHO, 1110 BAOCKOHAJIECHUN METOI MOXKHA po3napanenutu. OTxe, Ha
J0JJaTOK A0 MONiNIeHo0i e()eKTUBHOCTI, BMOCKOHAJICHHUI METO/I, Ha BiIMIHY BiJl 6230BOTO
(po3ainu 3.1 — 3.5), € pe3yabTaTUBHUM IIPU 0OPOOITl BETUKUX KOJEKI[IH JOKYMEHTIB, 10
MaroTh peajgbHl IPOMHUCIOBI 0OCATH.

Y po3niti 4 BUKOHYETHCS ApPYre 3aBIaHHS OCHTIDKEHHS — pPO3poOKa HOBUX abo
BJIOCKOHAJICHHS PaHIIe po3po0JICHUX aJITOPUTMIB, IO MaTeplaii3ylTh PO3poOIeHUM
dbopmanbHuii GpeMBOPK (P03t 3) y BUTIISI1 OOUKCITIOBAIBLHOIO MeTOy. Y po3aim 4.1
MPEACTaBICHO KOHBEEP OOPOOKHM KOJEKI[i JTOKYMEHTIB. SIK mogaHHsS BHCOKOTO PiBHS,
npe3eHToBaHo poOounii mponec (workflow) s BuUMIprOBaHHS TEPMIHOJIOTIYHOTO
HacuueHHs. [lomanpina geramizaliis HbOroO MpoIecy HaBeaeHa y QyHKIIOHATBHINA OJOK-
CXeMi, sIka PO3KPUBAE MOJYJIbHY CTPYKTYpPY HAIIOTO HA0Opy aJIrOPUTMIB 1 3aJI€KHOCTI
MK MOAYJISIMU. ANTOPUTMH, IO € (PYHKIIOHAIBHUM 3MICTOM MOAYJIB, MPEACTABICHO
HACTYMMHUM YWHOM. Y po3auni 4.2 mpencTaBiieHl allfOPUTMHU, SIKI PO3POOJICHO st
IHCTPYMEHTAJIBHOT MIATOTOBKH AaHUX. BOHM BKIIIOUAIOTh T€HEPALlil0 KaTalory KOJEKIIii
JIOKyMEHTIB Ta 3aBAaHTAXCHHS 3arajbHOJOCTYIMHUX MOBHOTEKCTOBHX JTOKYMEHTIB. Y
po3aini 4.3 mpeacTaBieHi anropuTMU, po3poOieHi s (a3u nepea-oOpoOKu AaHUX Y
pobouomy nporeci. Bonu npusnaueni ans neperBopenns PDF y miockuit teker (plain
text) Ta reHepyBaHHS HAOOPIB JaHWX HA OCHOBI BU3HAYEHUX MapaMeTpiB KOHQITyparrii.
OnTuUMI30BaHUM aIrOpUTM 3100yTTS TEPMIHIB JJIsi CTATUCTUYHOI YaCTUHU KOHBEEPY Ta
QITOPUTM JIsl O0UucCaeHHs 00’ eHaHuX yacTkoBux C-value aeTanbHO onucaHi y po3iii
4.4. bazoBuii arOpUTM JUIsl 00UKCIIECHHS TEPMIHOJIOTIYHOT Pi3HUII MIXK IBOMa HabopaMu
TEPMIHIB mTpeactaBieHo y posauii 4.5. YV po3gini 4.6 1elr 06a30BHMl  alroputm
BJIOCKOHAJIIOETHCS IJIIXOM BpaxyBaHHsS PO3pOOJIEHOI TEXHIKM IPyIMyBaHHS TEPMIHIB Ta
QITOPUTMIB BUMIPIOBaHHS TOJIOHOCTI CHMBOJIBHUX CTPOK. AJITOPUTM BHUIAJCHHS
PEryJIIPHOI0 HAKOMMMYEHOTO IITyMYy 3 HA0OP1B TEPMiHIB HaBeAeHO y po3aiti 4.7. Y po3aim

4.8 ommcyeThCs pealizallisi po3poOJIeHUX aITOPUTMIB y MIPOrpaMHOMY 3a0€3MeUeHHI Ta



HABOJWTHCS MOCUIIAHHS Ha 1€ MIPOrpaMHe 3a0e3MeUeHHs, 10 € 3aralbHOAOCTYITHUM JIIsI
BUKOPHUCTAHHSA y aKaJeMIYHUX JTOCH1IKEHHSX.

3aBIaHHSIM PO3JUTY S5 € TpeTe 3aBJaHHS JOCIIKCHHS — €KCIIEpUMEHTalbHa OILIHKa
po3pobieHoro Meroay (po3ain 3), MaTepiaii3oBaHOTO Y HAOOP1 aaropuTMiB (po3aia 4),
JUIS. BUSBJICHHS Ta BHUMIPIOBAHHS TEPMIHOJIOTIYHOTO HacuyeHHs. Y pos3aim 5.1
chopMyIThOBaHI 3aBIaHHS €KCIEPUMEHTAIBHOTO JOCTipKeHHs. [lnaH ekcrepuMeHTiB
BUKJIAJIEHO Yy po3aimi 5.2. Y pozminax 5.3-5.7 mOBIIOMISIOTECS Ta OOrOBOPIOIOTHCS
pe3yibTaTH MPOBEACHUX EKCIIEPUMEHTIB. SIK MOSCHIOETHCSA Yy PO3AUIL S5, pe3yJbTaTu
JIOBOJIATH NMPABUIIbHICTh, HE3AJIEKHICTD BiJl IOMEHY, €(DEKTUBHICTh Ta MACILITA0OBAHICTh
pO3pO0JIEHOr0 OOYHUCIIOBAIBLHOTO METOAY, HabOpy alroOpuTMIB Ta MPOrPaMHOIO
3a0e3MeUeHHs.

Po3nin 6 BuKOHye ueTBepTe 3aBlaHHA POOOTH — MPE3EHTYE JOCBiJ BUKOPUCTAHHS Ta
BI3II0 TOTO, SIK MPEJCTaBICHUN HAYKOBUH JOpPOOOK [OIIHLHO BHOPOBAIKYBaTH B
aKaJieMi4yHy Ta I[POMHUCIOBY MPAKTUKU. Y po3aun 6.1, mnpeacraBlieHO JOCBIJ
BUKOPHUCTAaHHS PO3pOOJECHOTO MPOTrpaMHOTO 3a0€3MEUYEeHHS] B MPOMUCIOBOMY IMPOEKTI
I Kpoc-tiepeBipku mporHozy [apthHep (Gartner) mpo TeHAEHII BIPOBAIKEHHS
TEXHOJIOT1M Ha TPUKIAAl TEXHOJOTiI TeHepaTUBHUX HeApPYkHIX Mmepex (Generative
Adversarial Networks) y nmornubinenomy mMammHHoMmy HauaHH1 (Deep Learning). VYV
po3aumn 6.2 MOBIIOMJIEHO MpPO aKaJeMIYHE BUKOPUCTAaHHS HAIIOrO0 METOLy Ta
IPOrpaMHOTO 3a0e3MeUeHHsT ISl TPOBEJEHHS TMOIIYKOBUX JIOCHIKEHb JITEepaTypu
CTYJICHTaMH MariCTpaTypH 3 METOIO HAIMMCAHHS OTJISIIB PEICBAHTHUX JDKEPEIT AJI CBOiX
MaricTepcbkux poOiT. Y po3auni 6.3 y3arajJibHEHO AOCBiJ MPAKTUYHOTO BUKOPUCTAHHS
pe3ynbTaTiB poOOTH, MpeicTaBieHuN y posauiax 6.1 Ta 6.2, HUISXOM BHUCBITICHHS
NOTEHIIHHUX TIepeBar po3poOJEHOr0 METOAY Ta MPOTPAMHOTO 3abe3meueHHs IS
MPOMHUCIIOBUX KOPUCTYBadiB. Y po3auai 6.4, MU TPEICTaBIsIeEMO IMOTEHIlIHHI Oi3Hec-
cleHapii 10J0 3aCTOCYBaHHS pe3yJbTaTiB POOOTH y rajay3i HAyKOBOTO BHJIaBHHIITBA.
JIoCBi Ta MEPCIIEKTUBY MTPAKTUYHOTO BUKOPUCTAHHS PE3YIHTATIB POOOTH MiACYMOBAHO
y po3aim 6.5.

VY po3aini 7 npenctaBieHi 3arajibHi BUCHOBKHU IO pOOOTI Ta IUIaHU II0JI0 MOAANIBIIOTO

PO3BUTKY HayKOBO-TEXHIYHOT'O JOPOOKY.
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ABSTRACT

Kosa, V. V. A Method of Experimental Study of Terminological Saturation in Document
Collections for Knowledge Elicitation. PhD Thesis. Manuscript.

Thesis submitted in partial fulfilment of the requirements for the degree of Doctor pf
Philosophy. Study program: 122 — Computer Science. Zaporizhzhia National University
of the Ministry of Education and Science of Ukraine, Zaporizhzhia, 2021.

Object of research: the process of automated extraction, from the collections of relevant
documents, of the sets of terms that characterize an arbitrary subject domain, for the
further development of the ontologies for this domain, with an account for the
phenomenon of terminological saturation.

Subject of research: a method of experimental study of terminological saturation in
documents collections for knowledge elicitation to be represented with respect to an
arbitrary domain of discourse.

The goal of this thesis is the improvement, in representativeness, efficiency, and
effectiveness, of eliciting knowledge, from the collections of professional documents
bounded for an arbitrary domain, for the further development of ontologies, by
developing a complex computational method for detecting and measuring terminological
saturation in the collections of professional textual documents that describe the domain.
The Introduction (Chapter 1) substantiates the topicality of the thesis, outlines its
relationship to scientific and technical research projects. It formulates the research goal
and objectives, specifies the object, subject, and methods of research, and highlights the
scientific novelty and practical value of the obtained results. It sketches out how the
research results were used in practical cases. Further, it summarizes the personal
contribution of the applicant, and presents how the approbation and publication of the
contributed results were done. Finally, the Introduction provides the quantitative
information about the structure of the thesis.

Chapter 2 reviews the related work that helped develop the approach to model the process
of terminological saturation, detect, and measure the result of this process. We start with

the outline of the methodology used to select the literature sources for our systematic



literature review in Sect. 2.1. Further, in Sect. 2.2 to 2.11 we review and analyse the
relevant State-of-the-Art in various research fields ranging from Ontology Engineering
and Ontology Learning to Qualitative Research. The research gaps found in this analysis
are summarized and our motivation to narrow these gaps explained in Sect. 2.12. Based
on the outlined research gaps, Sect. 2.13 offers a roadmap for resolving the discovered
open issues. It proposes a vision of and outlines the possible approach to the solution for
narrowing the research gaps. Further, it formulates the research questions to be answered
in the envisioned approach. Based on the research questions, it formulated the research
objectives of the presented study. Sect. 2.14 concludes the chapter by summarizing the
presented findings.

Chapter 3 focuses on the elaboration of the formal framework for terminological
saturation measurement as a method. The chapter begins with the preliminaries (Sect. 3.1)
that include the definitions helping us frame out theoretical focus. Next, we present the
research hypotheses that need to be checked with regard to our theoretical framework.
These hypotheses are formulated based on the research questions (Sect. 2.13). In Sect.
3.3 and 3.4, we focus on the formal introduction of the terminological difference function
(thd) and the proof of its metric properties in the space of all possible document
collections for a subject domain. In Sect. 3.5, we formulate and prove the theorem shaping
the sufficient conditions for the existence of terminological saturation. Finally, in Sect.
3.6, we investigate if the method for measuring and detecting terminological saturation
could be optimized in terms of lowering the incurred computational overhead. As a result,
we elaborate the refined method that uses the partitioning of a document collection. We
prove that the refined method yields the same thd measurement values, but takes
substantially less time for computation. Furthermore, we argue that the refined method is
straightforwardly parallelisable. Hence, in addition to its efficiency, it is free of the
constraints inherent for any straightforward implementation of an incremental way of
computing saturation measurements using the elaborated baseline method, (Sect. 3.1 to
3.5).

In Chapter 4, we develop new or improve the formerly developed algorithms that

operationalize our formal framework (Chapter 3) for computation. We begin with the



elaboration of the processing pipeline in Sect. 4.1. For that, we propose the workflow for
measuring terminological saturation. The workflow is further detailed in the functional
block diagram that reveals the modular structure of our algorithmic suite and
dependencies between its modules. The algorithms representing the modules are further
developed as follows. Sect. 4.2 presents the algorithms developed to instrument data
preparation. These include the generation of a document collection catalogue and the
download of the publicly available full-text documents. Sect. 4.3 presents the algorithms
developed for the pre-processing phase of the workflow. These are for PDF to plain text
conversion and dataset generation based on the defined configuration parameters. The
optimized algorithm for the statistical part of the term extraction pipeline and the
algorithm for merging partial C-values are elaborated in Sect. 4.4. The baseline algorithm
for computing terminological difference between two bags of terms is presented in Sect.
4.5. Sect. 4.6 refines this baseline algorithm by incorporating the developed term
grouping technique, including the algorithms for string similarity measurement and the
refined algorithm for measuring terminological difference. The algorithm for removing
regular accumulated noise from the bags of terms is reported in Sect. 4.7. Finally, Sect.
4.8 outlines the implementation of the algorithmic suite in software and offers the links
to this software, made publicly available for academic research use.

In Chapter 5, we present our experimental evaluation of the developed method (Chapter
3) and algorithmic suite (Chapter 4) for terminological saturation measurement. We start
with formulating the experimental objectives in Sect. 5.1. We continue with the set-up of
our experiments in Sect. 5.2. Sect. 5.3 to 5.7 report and discuss the results of the
performed experiments. As explained in the Chapter, the results prove the correctness,
domain neutrality, efficiency, and scalability of the developed method and algorithmic
suite.

Chapter 6 describes our experience of the use and views on how the presented approach
could be more broadly transferred into academic and industrial practice. In Sect. 6.1, we
present our experience of exploiting the developed software pipeline in an industrial
project for cross-checking the prognosis, by Gartner, on the trends of technology uptake

with respect to the Generative Adversarial Networks technology of Deep Learning. In



Sect. 6.2, we report on the academic use of our method and software for instrumenting
the exploratory research of Master students with their aim to write the reviews of the
related work for their Master theses. In Sect. 6.3, we extend the use case experience,
reported in Sect. 6.1 and 6.2 by outlining the practical benefits for the early industrial
adopters of our method and software. In Sect. 6.4, we present our view on the potential
business scenarios and applications in the scholarly publishing industry. The summary of
the experience of and prospects for the practical use of our contribution is given in Sect.
6.5.

Finally, we conclude on our findings and present the plans for the future work
in Chapter 7.

Keywords: subject domain, document collection, terminological saturation,
terminological difference, terminological saturation detection, terminological saturation
measurement, successive approximation, computational method, algorithmic suite,

efficiency, effectiveness.
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