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Jlenvko B.C. Meroaun Ta 3aco0M yNpaBiiHHA NEPCOHATBHUMHU 3HAHHIMHU B
IHTEJIeKTyalIbHUX cucTeMax. — KBamidikaliiiina HaykoBa mpailsi Ha IpaBax PyKOIHUCY.
Hucepranis Ha 3700yTTS HAyKOBOTO CTyIeHsS JokTtopa ¢iumocodii 3a
crnemianpHicTIO 124 «Cucremuuii anamiz» (12 — Iudopmamiitni TexHosorii). —

HamionanpHuii yHiBepcureT «JIbBiBchbKa nosiTexHikay, JIbpis, 2020.
3MmicT aHOTANIT

VY nauceprauiiiniii poOOTi 3A1MCHEHO CUCTEMHMM aHalli3 METOAIB Ta 3aco0iB
YIPaBIIHHS EPCOHATBHUMU 3HAHHSAMH SIK HEOOX1/THOT KOMIIOHEHTH JJIs Palli OHAJIbHO1
MOBEIIHKH 1HTENEKTYaIbHOTO areHTa. MeTogaMu CHCTEMHOTO aHaji3y JOCHIKEHO
KOHIIETIT «3HAHHS», BIACTUBOCTI Ta POJIi MOHSITTS «IOJAaHHS 3HAHH», €BOJIOLIIO Ta
MHOKHMHY HAWIOMUPEHIIINX MOJIENIeH MOJaHHs 3HAHHS, a TAKOX TXHI 00YHCITIOBAIbHI
MOKJIMBOCTI, 1[0 BTUTIOIOTH IIPOIIEC MIpKyBaHHS. Y JOCHIKEHHI 3alIpOIIOHOBAHO HOBI
X0 JI0 3aCTOCYBaHHA (OPMaTbHUX JIOTTYHUX MOJIENICH, a caMe OMTMCOBHUX JIOTIK 1
TEOopiil TUIIB. 3aIIPOIIOHOBAHO METO/I TIOJIaHHS OHTOJIOT1H B TPOrPAMHOMY CEPEIOBHIIII
noBeneHHs TeopeM Coq 1 po3pobiaeHo Mojieni 0a3 3HaHb 3 BAKOPUCTAHHIM 3a3HAYCHUX
JoriyHuX (opMaii3MiB Jisl YIIPaBIiHHS 3HAHHSIMH B 1HPOPMAIITHUX CUCTEMaX, Mac-
MeJiia 1 TPAaHCTIOPTHUX MEpexKax.

Po6ora ckinagaeThes 31 BCTYIY, YOTUPHOX PO3/1IiB, BUCHOBKIB, CIIUCKY MMOCUJIAHb
Ta noaarkiB. B mepmioMy po3aini moJaHO IPYHTOBHUM aHaNi3 CYMIKHUX J0 TEMH
JOCTIPKEHHSI HAaYKOBHX IyOJIiKalliii, MpoaHa/li30BaHO EMICTEMOJIOTIYHY CTPYKTYpPY
MOHSTTSA 3HAHHS Ta aKLEHTOBAaHO POJIb 3B 53Ky MK ICTMHHICTIO 1 OOIPYHTOBAHICTIO
nepeKoHaHHs. B 1ibomy 3k po3/ii1 3/1iCHEHO MOPIBHUIbHUN aHAIT13 HAUMIOIIUPEHIIITUX
MoJieJiell ToAaHHA 3HaHHA — (peiMU, CEMaHTUYHI Mepexi, MPOIYKIIHHI TpaBuUia Ta
JIOT14H1 Mozeni. BpaxoBytouu 1’ siTb OCHOBHUX pPOJIEH MOJAHHS 3HAHHS Ta MOB’sI3aHI 3
HUMHU BJIACTHBOCTI, 30KpE€Ma BUPA3HICTh 1 PO3B’SI3HICTb, OCHOBHY yBary JOCIIHKEHHS

c(hOKyCcOBaHO Ha JIOT1YH1 MOEJ1 NO/IaHHS 3HAHb.



Y apyromy po3aun JOCTIIKEHO JIOTTYHUN (hopMaTi3M «YUCISHHS 1HAYKTHBHHUX
KOHCTPYKITI», IKHI 30KpeMa BUKOPUCTOBYBABCS 7151 IOBEJICHHS TEOPEMHU PO YOTUPH
bapbu. Pymiiem niboro gopmamizmy € Teopist TUIIIB 13 3AJICKHUMH THITAMH, sIKA 3T1THO
3 13omopdizmom Kappi-I'oBapya, BTUIIOE CHHTAKCHYHO PI3HOBHJI CHCTEM B Teopii
JOBEJICHHS «IPUPOJHS ASAYKLis». 3’ ICOBAHO, 110 OCHOBHUMH NE€pPEeBaraMu YUCICHH S
1HIYKTUBHUX KOHCTPYKIIIM € HOr0o BHCOKAa BHUPA3HICTh Ta 0a3yBaHHS HA HEKJIACHYHIN
KOHCTPYKTHUBHIN JIOTILI, A€ MOHATTS ICTUHHOCTI BUPA3y IPYHTYETHCS HA MOKJIMBOCTI
moOy/noBH IILOTO BUpPa3dy 3 NpuMiTHBIB. KpiM TOro BU3HAYE€HO, 110 TEOPis THUIIIB
3HAYHOI0 MIPOI0 YHHUKA€E MapajoKCiB KIACHUYHOI JIOTIKU Ta COPUSIE K «MEXaHi3amii»
JIOTIYHOTO BHUBEACHHS, TaK 1 TMOJAHHS BHpa3iB, M0 HE BOJOJIIOTH BJIACTUBICTIO
ictuHHOCTl. HeposikoM 3a3HaueHoro GopmaiizMy € MHoro HEpO3B’sI3HICTb, SKa
YHEMOKJIMBIIIOE TIOBHY aBTOMAaTH3Aallil0 MEPEBIPKU ICTUHHOCTI JOBUIBHOTO BHpa3y.
Lleit HeoMiK BUMAarae y4yacTti JOCJiJHUKA B JOBEACHHI TEOPEMHU, aJie 3HAUHY YACTUHY
MEePETBOPEHb MOKHA aBTOMATHU3yBaTH 3a JOMIOMOTO0 TIOCTYIHUX «TaKTHK». [loganus
1 OOIrpyHTYBaHHS JIOT1YHUX BHpa3iB 3 BUKOPUCTAHHSIM YHUCJCHHS I1HIYKTUBHUX
KOHCTPYKIIiH 3/IIACHIOETHCS B IHTEPAKTUBHOMY aCUCTEHTI JoBesieHHs TeopeM Coq.

Tpertiit po3ain mojae aHai3 ONMUCOBUX JIOTIK, SIKI € PO3B’3HUMHU (parMeHTaMH
JIOT1KH TIEPIIOTO MOPSAKY, Ta IIUPOKO 3aCTOCOBYIOTHCS B raiy3l CEeMaHTHYHOTO BeOy,
gk ¢opmanbHa ocHOBa MoBH oHTosorii OWL 2. JlochimkyeTbesa cTpyKTypa 6a30Bo1
omucoBoi Jjoriku ALC, momyctmmi JOTiuHI 3a7a4di Ta METOAM iX pPO3B’SI3aHHA.
3’sicoBaHoO, 10 aTpuOyTHUBHA MOBa 3 JONMOBHEHHsIMHU, ALC, po3muproeThcs HOBUMU
KOHCTPYKTOPaMH IIOHSTH Ta poiieil, aki GOopMyI0Th 0CHOBY onucoBoi noriku SROIQ®)
— ¢opmansroro pymrist MoBu OWL 2. ®opmanizm ALC BHKOpHUCTAHO IS TIOJIaHHS
TBEP/’KEHb 3 BUOPAHMUX MPEeIMETHUX 00JacTeid, a At OOTPYHTYBaHHS IXHBO1 JIOTTYHOT
CYMICHOCTI 3aCTOCOBaHO Ta0J10-airopuT™. OCKIJIBKH OMKMCOBI JIOTIKH € AMHOKHHAMU
JIOT1KM MEPIIOro NOPSAIKY, TO IM BJIACTUBI MI€BHI HEJIOMIKM KJIACUYHOI JIOT1KH, 30KpemMa
MOHOTOHHICTh MaTepiajibHO1 IMILTIKAIlli, sIKa 103BOJIsi€ (POPMYBATH JIOTTYHO KOPEKTHI,

MPOTE KOHTEKCTHO HE3B’SI3H1 apIryMEHTH.



VY dgeTBepTOMYy PpO3aLTI MPOAHATI30BAaHO OCOOJIMBOCTI NMPOSKTYBAHHS CHCTEMH
B3a€MO/II1 BIpTyaJbHUX HAYKOBHUX KOJEKTHUBIB, 1110 (YHKIIOHYIOTH 3 METOIO MOOY0BH
0a3 3HaHp CIELIaTbHOrO Ta 3arajbHOr0 MpPU3HAUYCHHA. B cyyacHOMY KOHTEKCTI Takxi
CHJTFHOTH 3a3BHYal PO3AiICHI reorpadiyHo Ta iIHCTUTYIIHHO, TOMY BUHUKAE MMOTpeda
B CHCTEMI, SIKa JO3BOJIUTH HAJIWHO Ta 3pyYHO Y3TOKYBaTH HAMIPAIIOBAHHS YIaCHUKIB
BIPTYaJbHOTO HAYKOBOTO KOJIEKTHBY, 3 MOJKJIHMBICTIO MiJITBEPIKEHHS 1CTOpli Ta
aBTOPCTBA OyJb-IKOTO TBEPJKEHHS 0a3u 3HaHb. OCKIIBKHU Creliani3ailis KOJIEeKTUBY
MO€ 3HAYHO Bap1IOBATUCS, TO JIJIsl IOJIAHHS 3HAHB JOIILHO BUOPATHU MOBY 3 BUCOKOIO
BUPA3HICTIO, a CaM€ YHWCJIEHHS I1HAYKTHMBHUX KOHCTpYKUiH. [Ins dopmyBanHs 1
JIOBEJICHHS ICTMHHOCTI TBEP/DKEHb Oa3u 3HAHb IMPOIOHYETHCS BUKOPHUCTOBYBATH
IHTEpaKTUBHUI aCUCTEHT JoBeAeHHs TeopeM Coq, sikuii MicTuTh MOBY Gallina Ta Habip
TaKTUK JJISI JIOBEICHHS JIOTIYHMX TBEPIKEeHb. KOMIIO3UIlIIO CHiIbHOI 0a3u 3HaHb 3
HaIpaIlOBaHb YYaCHUKIB BIPTyaJIbHOTO HAYKOBOT'O KOJIEKTUBY JOULIBHO 3A1HCHIOBATH
3a JOTIOMOTOI0 CHCTEMH pO3IMOALICHOr0 KOHTpoJito Bepciid Git, gxa nae-hakTo €
CTaHJIapTOM JJIsl YIIPABJIIHHS ICTOPIE0 MPOrpaMHOTo Koay. OCKIIBKY MOPSI0K 3MIH B
Git-cX0BHIIII MOXKJIMBO PEIaryBaTH, TO JJIs MiATBEP/HKCHHS aBTOPCTBA BOKIMBHX 3MiH
B 0a3i 3HaHb, MPOMOHYETHCS BUKOpUcTaHHs TexHouorii Blockchain sik posnozinenoro
pPEeECTPY 3alIUCiB.

AKTYanbHICTh JOCTIIHPKEHHS apI'yMEHTY€EThCS HEBIIMHHUM 3POCTAHHIM OOCSTIB Ta
YCKIIQHEHHSM CTPYKTYypH 1H(pOpMaliiHuX moTokiB. [Iporpec B ramysi TEXHOJOTiH
YUCJICHHs 3a0e3meynB (GopMyBaHHS HEWpoMepekeBHX Mojeineil (ikcarii 3HaHHS,
MPOTE iX 3aTHICTD 40 aOCTpaKIlii B ChOTOJIEHHI € CYyTTEBO 0OMekeHot0. Ha mpoTuBary,
METOAM KOHLENTyam3auli Ta AeAYKTHUBHI JIOTIYHI CUCTEMH MPOMNOHYIOTh HAAlMHI Ta
oOrpyHTOBaHI (hopMai3MH JUIS TTOJAHHS, CHHTE3y Ta MEPEBIPKU ICTUHHOCTI 3HAHHS.
PO3BUTOK JIOTIYHUX CHCTEM YMOXJIMBUB «MEXaHI3aIlll0», 30KpeMa aBTOMAaTHU3allilo,
MpoIIeCy MipKyBaHHS HaJl 3HAHHSIM, IO CIIPHSIE MOYKIIMBOCTI KPUTUIHO aHATI3yBaTH Ta

MPOEKTYBAaTH Cy4yacH1 iH(opmaIliiiHi MOTOKH.



OcCHOBHI HayKOBI pe3yJbTaTH JHCepTalii oTpuMani y ¢opMi PpyHIaMEHTATBEHUX

Ta IIPUKIIAIHUX I[OCJIi]_I)KeHB:

pPO3pO0JICHO OHTOJIOTIYHO-OPIEHTOBAHUM METOJl TMOJaHHS 0a3W 3HaHb B
CepeloBHUILIl acucTeHTa jaoBeleHHd Teopem Coq, 1o crpusie dopmamizarii
HOBUX Ta ICHYIOUMX OHTOJIOTI1H, a TAKOX YMOXKJIMBIIIOE 3aCTOCYBAHHS JIOTIK
BUILUX MOPAJKIB K HAAIMHOTO THCTPYMEHTY MIATPUMKH MPUUAHSITTS PIIICHHS
B IHTEJEKTYyaJIbHUX CUCTEMAX;

PO3p00JICHO apXITEKTYPy Ta MPOTPaMHY peaizallito IHTEIeKTyaTbHOI CUCTEMHU
JUTs yIIPaBIIiHHS IEPCOHAILHUMU Ta KOJIEKTUBHUMHU 0a3aMu 3HaHb, SKa BOJIOI1€
BJIACTUBOCTSIMU BEPCIMHOCTI, PO3IMOALIIEHOCT], aBTOHOMHOCTI Ta 3a0e3mnedye
MO>KJIMBICTh HaJIITHOTO MiATBEP/IKEHHS aBTOPCTBA;

PO3p00IIeHO MPUKIAAH (OPMATBHOTO JOBEASHHS ICTUHHOCTI OITMCOBHUX 3HAHb,
30KpeMa JIs 3a/1a4 MPOEKTHOTO yIpaBmiHHA B [ T-miaAnpuemMcTBi, y3roJeHocTl
HOBHHHHX MaTepiajiB B Mac-Me/lia Ta CTPYKTYpHHUX MOJeJNeH IIISTXOMPOBO/IB,
IO TOJIETIIYE Ta MPUIIBUAIIYE TEPEBIPKY TiMOTE3 B HaIiBABTOMATUYHOMY
pexXuMI;

3M1CHEHO TOPIBHSJIbHUI aHaIi3 MOl MOJaHHs 3HAHHSI, OMMMCOBOI JIOT1KU
Ta GOpMaIbHUX CUCTEM TEOPii THIIIB, a TAKOK OCOOJIMBOCTEH X 3aCTOCYBaHHS
JUTS TIOIaHHS 3HAHb PI3HOT MPUPOAM, 30KpeMa OMUCOBHUX PEUEHb MPHUPOIHBOT
MOBH, JIOTIYHHUX 1 MAaTEMaTUYHUX TEOPi Ta BUPA3iB;

3IMICHEHO CUCTEMHHI aHaji3 MOHATh «3HAHHSA» Ta «ICTUHHICTb 3HAHHAY, 1
apryMEHTOBAaHO BUKOPHUCTAHHS KOHCTPYKTHUBHOI JIOTIKM 3 METOI YCYHEHHS
npobsaeM IeTbe, SKi KOMIPOMETYIOTh TPAAMLiliHI METOAUM OOIPYHTYBaHHS

ICTUHHOCTI 3HAHHS.

Karouosi cioBa

CUCTEMHUH aHai3, 3HaAHHS, JIOT1Ka, YUCIIEHHs KOHCTPYKIIii, Coq, ONHUcoBa JIOT1Ka,

OHTOJIOT'51, OJIOKYEIH, po3noiieHa cuctema, Git



ABSTRACT

Lenko V.S. Methods and tools for personal knowledge management in intelligent
systems. — Qualifying scientific work on the rights of a manuscript.

The dissertation for obtaining a scientific degree of the Doctor of Philosophy on
the specialty 124 “System analysis” (12 — Information technologies). — Lviv

Polytechnic National University, Lviv, 2020.
Abstract content

The dissertation is devoted to system analysis of methods and tools for personal
knowledge management, which is a necessary component for the rational behavior of
an intelligent agent. By the methods of system analysis, it investigates the concept of
“knowledge”, the properties and roles of “knowledge representation” concept, an
evolution of the most common knowledge representation models, as well as their
computational capabilities, which resemble the process of human reasoning. The
conducted research proposes new approaches to the application of formal logic models,
namely descriptive logics and type theories. The method for ontologies representation
in the environment of Coq proof assistant is proposed, along with the examples of
knowledge base models for the domains of information systems, mass-media, and
transport networks.

The thesis consists of an introduction, four chapters, conclusions, a list of
references, and appendices. The first section presents a thorough analysis of related
scientific publications, analyzes the epistemological structure of knowledge concept,
and emphasizes the role of the relationship between truth and validity of belief. The
same section provides a comparative analysis of the most widespread knowledge
representation models: frames, semantic networks, production rules, and logic-based
models. Taking into account five major roles of knowledge representation and their
distinguished properties, such as expressiveness and decidability, the main focus of the

research is on logic-based models of knowledge representation.



The second section investigates the logical formalism called the “calculus of
inductive constructions”, which in particular was used for proving the four color
theorem. The driving force behind this formalism is the dependent types theory, which
according to the Curry-Howard isomorphism syntactically embodies a kind of systems
in proof theory named “natural deduction”. It is found that the main advantages of the
calculus of inductive constructions are its high expressiveness and the adherence to
nonclassical constructive logic principles, according to which the concept of the truth
of an expression is based on the ability to construct this concept from primitives.
Additionally, the type theory was designed to avoid the paradoxes of classical logic and
facilitates the “mechanization” of logical inference, as well as the representation of
expressions that do not possess the property of truth. The main drawback of this
formalism is undecidability, which makes impossible the full automation of truth
verification for an arbitrary expression. This shortcoming requires the participation of
a researcher in the process of theorem proving, but still, a significant part of the
syntactic transformations can be automated by existing “tactics”. Representation and
justification of the logical expressions are carried out in the interactive proof assistant
Coq, using the provided implementation of the calculus of inductive constructions.

The third section presents the analysis of description logics, which are decidable
fragments of first-order logic and are widely used in the semantic web as a formal basis
for the OWL 2 ontology language. It considers the structure of a basic description logic
ALC, common reasoning problems and method for establishing knowledge base
consistency. It is found that the attributive language with complements, ALC, can be
extended with a set of concepts and roles constructors that form the basis of a highly
expressive descriptive logic SROIQ® — the formal core of OWL 2 language. While
ALC is used to represent the statements, the tableaux algorithm deals with reasoning
problems. Since description logics are subsets of first-order logic, they inherit certain
shortcomings of classical logic, including the monotonicity of material implication,

which allows the formation of logically correct, but contextually incoherent arguments.



The fourth section specifies the design of a collaboration system for virtual
scientific communities that aim to build knowledge bases for dedicated and general use.
Nowadays, these communities are typically divided geographically and institutionally,
so there is a need for a system that will reliably and conveniently reconcile the work of
the virtual scientific community members, with the ability to confirm the history and
authorship of any expression in the knowledge base. The specialization of a research
unit may vary greatly, so it is advisable to choose a language with high expressiveness,
namely calculus of inductive constructions. Coq interactive proof assistant provides an
implementation of the aforementioned formalism as Gallina language and comes with
a set of useful “tactics” for logical inference, so it is proposed to use it for knowledge
base engineering. Construction of the shared knowledge base that consists of the parts
contributed by the members of a virtual scientific community should be carried out
using Git, which is de facto a standard for software code versioning. Since it is
technically possible to rewrite the history of commits in a Git repository, it is proposed
to establish the authorship of the important knowledge base expressions by the means
of Blockchain technology as a distributed ledger system.

The research relevance is justified by the constant growth of information flow
volumes and their structural complexity. Advances in computational technology have
made it possible to use artificial neural network models for knowledge discovery, but
as of today their ability to abstract is severely limited. In contrast, conceptualization
methods and logic-based systems offer reliable and sound formalisms for knowledge
representation, synthesis, and verification. Curry-Howard isomorphism established the
cornerstone relationship between logic-based and computation models and facilitated
the “mechanization” of reasoning using verified software-based theorem proving. The
ability to detect inconsistencies in multiple statements significantly increases the
reliability of the knowledge base, which in turn drastically improves the quality of the
input data for the process of intellectual analysis and saves time and efforts of the

decision-maker.



The main results of the dissertation are obtained in the form of fundamental and

applied research:

the method for ontologies representation in the environment of Coq proof
assistant has been developed, which contributes to the formalization of new and
existing ontologies and enables the application of higher-order logics as a reliable
decision-support tool;

the architecture and software implementation of an intelligent system for
personal and shared knowledge bases management have been created, which has
the properties of being autonomous, distributed, supports versioning and ensures
reliable authorship confirmation;

the examples of knowledge bases and formal reasoning over them have been
provided, in particular for the domains of information systems, mass media, and
transport networks, which facilitate the semi-automatic procedure of hypotheses
testing;

the comparative analysis of knowledge representation models, description logic,
type theories, their characteristic features, and applications to the encoding of the
knowledge of the various kinds, including natural language sentences, logical
and mathematical expressions, has been conducted;

the system analysis of the concepts “knowledge”, “truth of knowledge” and the
argument on constructive logic adoption for the sake of Gettier problems
elimination, which compromise traditional methods of knowledge justification,

have been presented.
Keywords

systems analysis, knowledge, logic, calculus of constructions, Coq, description

logic, ontology, blockchain, distributed system, Git
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