AHOTAIISA

Kyuuu JI. I Taterpaimisi Ta y3ro/K€HHs NaHUX 1HQOPMAIIHHX CHUCTEM
3QJII3HUYHOTO TPAHCIIOPTY OHTOJOTIYHMMU 3acoOamu. — KBamidikaliiiHa HayKkoBa
npais Ha IpaBax PyKOIUCY.

Hucepramisi Ha 3100yTTS HAyKOBOTO CTyMeHs 1oKTopa (imocodii 3a
cnemianbHicTiIO 122 «Komm’roTepHi Hayku» — VYKpaiHCbKUM — JepaBHUN
yHIBEpPCUTET HayKH 1 TexHojorii, Juinpo, 2022.

Juceprailisi mpUCBAYEHA MUTAHHSIM OOIPYHTYBAHHS Ta PO3POOKU METOJIIB
iHTerpamii po3’enHaHuX 1HOOPMALIMHUX CHCTEM 3alli3HUIb Ta BIATOBIIHOT
HOPMATHUBHOI IOKYMEHTAIlli, JBULIEHHS KOHTPOJIIO iX y3TOJIKEHOCTI.

VY nucepraniiiniii poOOTI OTpUMaHI HOBI HAYKOBO OOTPYHTOBAH1 TEOPETHYHI
Ta €KCIIEPUMEHTAJIbHI PE3yJIbTaTH, 110 Y CYKYIHOCTI € CYTTEBHUMH Jisl PIIICHHS
aKTyaJbHOI HAyKOBO-TEXHIYHOI 3a7adi OOpOOKM JaHMX Ta TMEpeBIpKH iX
y3rOJIKEHOCT] Ha 3a113HUYHOMY TPaHCIIOPTI.

HaykxoBa HOBH3HA OTpUMaHUX PE3yJIbTaTIB.

B po6orti Briepre:

1) BUKOHAHO KOHIENTYyasi3alito 1 (opMai3alilo OHTOJOTI PI3HUX THIIIB
JOKEpes, 10 JI03BOJIsiE  O0'€eqHYBaTU Ta  y3rO[pKyBaTd — TaOJMII,
Ipe/CTaBIICHI B PI3HUX 1H(QOpPMAIIHHUX Ta MPOTPaMHUX cepenoBuiax. Ha
BIIMIHY BIJl 1HIIMX, BOHA BpaxoBye cnelu(iuyHy TaOJIUYHY CTPYKTYpPY
JAaHUX Ta 3aCHOBaHA Ha TMOCTYNOBOMY Y3araJlbHEHHI 3B’SI3KIB MIDXK
eJIeMEHTaMU JIaHHX;

2) BUKOHAHO KOHIIENTYaJi3allil0 MPOTOTUILY OHTOJOTIYHOrO 3a0e3MeueHHs
3aI3HUYHOI KOJIi Ta ¥MOro IHTErpamilo 3 TOi3HOK, BaroHHOKW 1
BianpaBounow moxensmu ACK BII V3-€. Ha BiagMiHy Bij 1HIIUX, BiH
BpaxoBye (opMatizoBaH1 MOJIOKEHHSI HOPMAaTUBHO-ITPAaBOBUX aKTiB;

3) popmanizoBano mporenypy (GopMyBaHHS OHTOJIOTIM 3alli3HHYHOTO

JIOMEHY 3aco0aMu KOHCTPYKTHBHO-TIPOJIYKIIIHHOTO MojentoBaHHs. Ha



BIJIMIHY BiJ 1HIIMX, BOHAa BPaxOBY€ IHTErparli0 po3’€IHAHUX HKepell

aHUX.

[Toninmeno:

4) TexHomorii 00poOKH JaHUX 1 MPOLECiB IHPOPMAIIITHOTO CYIPOBOIKEHHS:
NacnopTy MiA'i3HOI KOJii; JOMYyCTUMHUX IIBHAKOCTEH pyXy MOi3MIB Ha
3ANII3HUYHUX KOJISIX 3arajbHOr0 KOPUCTYBaHHS Ha OCHOBI BIJMOBIIHOTO
OHTOJIOTIYHOTO 3a0€3MeYEHHS;

5) MeTOoaM  KOHCTPYKTHUBHO-TIPOAYKIIIHHOTO MOJIETIOBAaHHS y YacTHHI
pPO3pOOKHM  JIAHIIIOTIB ~ B3a€EMOIOB’SI3aHUX  KOHCTPYKTOpIB Ta  iX
3aCTOCYBaHHS y 3aJII3HUYHOMY JIOMEHI.

OTpumanu nojaibiIuii pO3BUTOK:

6) 3aco00M CEMaHTHYHOTO aHOTYBAHHS HOPMATHUBHUX TIOKYMEHTIB. J1Ji 1IbOTO
MpEJCTaBlICHa CXeMa aHOTYBaHHS Ha OCHOBI OHTOJIOTIi 3alli3HUYHOTO
JOMEHY.

[IpakTiuHe 3HA4YeHHS OTPUMAHMX pE3YJbTaTIB TOJATa€ B PO3pOOII
MPOTOTUIY HAa OCHOBI OHTOJIOTIH, SKMH Jae ¢opMali3oBaHe MPEICTaBICHHS
TEXHOJIOTTYHHUX MPOIIECIB 3aJI13HMIIL, IO AO3BOJISIE IEPEBIPUTH Y3rOJIKEHICTh JAHUX
1H(pOpMaIITHUX CUCTEM MiX COOOI0 Ta 3 HOPMATUBHOIO TOKYMEHTALIEXO.

3apa3 Ha YKpalHCBKMX 3aI3HMISIX BHKOPUCTOBYETHCS IIEHTpali30BaHa
cuctema «€nuHa ABtoMmaru3oBaHa Cucrema VYnopasmiHHS BanTaxHumu
[TepeBezennsm» (ACK BII V3-€), sika 00'e1Hy€e OCHOBHI OmepariiiiHi mijJcucTeMu
VYkp3amizauiil. Y 3B's13ky 3 TiM, 1110 ACK BII V3-€ crBopena nuissxoM o0'e tHaHHS
1 JI0OMpaIlOBaHHs OKpPEeMHUX IMiJACUCTEM, BiHA JO CHX TMIip CTpaxaae BiJ
dbparmeHTairii, mo € rmepHoIo mpodiemoro. KpiMm Toro, BUHHKIA MOoTpeda B IIECBHIM
JeLIeHTpalIi3allli y 3B's13Ky 3 peopraHizaiiicio Y Kp3ajii3Hulll Ta CTBOPEHHSIM Ha ii 6a31
KUJIBKOX KOMIIaHIA Ta chiBIpanero 3 iHGoOpMaliiHUMU CUCTEMaMU 3apyO1KHHUX
KpaiH, IHITUMU TIEPEBI3HUKAMU Ta JACSIKUMH 3aMOBHUKAMH.

Y nepuiomMy  po3aili BUKOHAHO aHaji3 OHTOJOTIYHHX PO3POOOK B

3aJI3HUYHOMY Ta 1HIIKUX JAOMeHaX. BCTaHOBJIEHO 110 OHTOJIOTIT Ha 3aJlI3HUYHOMY



TpaHcHopTi €BpPOCOI03y BHUKOPUCTOBYIOTHCS JUIsl 1HTErpauii JaHUX OIHCY
1H(GPACTPYKTYpH, PO3KIaAY pyXy Moi3AiB Ta iHmuX. [Ipy 11boMy HETOCTATHRO yBaru
NPUAUIAETECS HOPMATUBHOMY 3a0€3MEUEHHIO TIEPEBI3HOTO Tporecy. ICHYOTh
IporpaMHi 3aco0u JjIsi aHOTYBaHHS TEKCTIB, BHJOOYBaHHS 3HaHb 3 TaOJHIb 1
PO3pOOKHM OHTOJIOT1H, ale BOHH HE BUKOPUCTOBYIOTHCS AJIsl MIATPUMKHU TIEPEBI3HOTO
MpOIIeCy Ha 3aT3HUYHOMY TPAHCIOPTI YKpaiHu. BusHaueHo, 1m0 akTyaabHUM
3aBJIAHHAM € aHOTAIlisl HOPMATUBHOT JOKYMEHTAIII1 JUIsl BCTAHOBJICHHS 3B'S3KY MIXK
OHTOJIOTI€I0 T TEKCTAaMH 1HCTPYKITIH.

HaykoBo 0OrpyHTOBaHO MOXJIMBOCTI BUKOPUCTAHHS OHTOJIOTTYHHX 3aCO0IB
Ha 3aJI3HUYHOMY TpaHCHOpTI aist: dopmaiizaiii HOpMAaTUBHOTO 3a0€3MeUYCHHS;
NEPETBOPEHHS Ta IHTErpallil JAHUX; IEPEBIPKH Y3TOIKEHOCT] JAHUX Ta THCTPYKIIH
1H(}OopMaIIiHOT CUCTEMU.

Y napyromy po3aiji mpeacTaBiieHI po3poO0JieHI METOIU: KOHIIeNTyali3alii
Ta0JIMYHOTO TPEJICTAaBICHHA 3HAaHb; (OPMYBaHHS OHTOJOTI  3aJI3HUYHOI
1H(}pacTpyKTypH; IHTErpallii IPOTOTUITY OHTOJIOT1I 3a13HUYHOT 1IHHPACTPYKTYPH 3:
OHTOJIOTIEI0 JHKEPEJI; OHTOJIOTIEI0 MOi3HO1, BArOHHOI 1 BIAMPABOYHOI MOJeiei
3aJI3HUIN;  KOHCTPYKTUBHO-TIPOAYKIIMHOTO  MOJIETIOBAaHHS  OHTOJIOTTYHOTO
3a0€3MeUeHHsI TOKYMEHTOOOITY.

3nmificneHa  Qopmaiizallisi  OHTOJOTIYHMX  €JIEMEHTIB  TaOJW4YHOIO
MPE/ICTABIICHHS 3HaHb Ta iX BIAHOIIEHb y BUTJISAL rpadiuyHoi HOTAIll hopMaTbHOT
MOBH. 3alpoONOHOBAaHO MeTOJ (hOpMyBaHHS CKJIAIHUX MOHATH. KoHuenTyamnizaiis
3MIMCHIOETBCS HA OCHOBI TJIMOOKO1 JeTami3allli BiJHOIIEHb MK PI3SHUMHU
MOHSTTSIMU.

B OCHOBI KOHIIENITY JIEKUTh 3aCTOCYBAaHHsS BIJIHOIICHHS IOPSAKY,
BaplaTUBHICTh SKOTO Ja€ MOXKJIMBICTh MOJEIIOBATH Pi3HI peasibHi 00'€KTH PI3HO1
TIPUPOIH.

Po3po6ieHo MeTox CEeMaHTHYHOTO KOHTPOJIO 3aCHOBAaHHWA Ha MO
OaraTopiBHEBOI KOHKpETH3allli Ta 1HTErpailii OHTOJOTIN JKEpesa Ta 3adi3HUYHOT
iHDpacTpykTypu. MexaHi3Mu peaiizallii CKJIaJoBUX OHTOJOTIA Ta iX 1HTerparii

IIPOJICMOHCTPOBAHO HA TIPUKJIIA/I].



Y TperboMy po3aidi po3poOseHO 3acO0M OHTOJIOTIYHOI MATPUMKHU IS
MacrnopTy miA'I3HOI KoJyli Ta JOMYCTUMHMX IIBWIAKOCTEH 3alliI3HUYHUX KOJIH
3araJlbHOTO KOPUCTYBAaHHS.

Bukonano ¢opmanizaiito TabJIWYHOTO MPEACTABICHHS JaHUX Ta IPaBUII
THCTPYKIIIH 3aJII3HUYHOTO TPAHCIIOPTY AJIS MACTOPTY i i3HOT KOuii Ta 0OMEeXeHb
MIBUAKOCTI PyXYy OHTOJIOTIYHMMH 3aco0aMu Ta 1HCTPYMEHTaMHU «IEPETBOPEHHS
nanux» (data wrangling) Ta «Buno0yBaHHs qaHux» (data extraction). Ile Bukitodae
YaCTHHY TPYJOMICTKOTO MPOLIECY BBEICHHS KOHIIETITIB B OHTOJIOTiI0. Po3pobieHo
3ac00M CEMAaHTUYHOIO KOHTPOJK JaHMX 3 PI3HUX JUOKEpen Mpo JOMYyCTUMI
IIBUIKOCTI HA €JIeMEHTaX CIIPaBHUX 3aJII3HUYHUX KOJIIM 3arajbHOTO KOPUCTYBAHHS.
Jns  dopmanizauii oomexxkenb «lIpaBun TeXHIYHOI eKcCIUTyaTalii 3ali3HULb
VYkpainum» BUKOPUCTOBYETHCS METOJ CEMAaHTUYHOTO aHOTyBaHHA. DopMyBaHHS
OHTOJIOT1] 31HCHIOETECS Ha OCHOBI KOMIIO3HUIII] BITHOIIIEHE.

Po3po6ieHo MOIynbHY OHTOJOTIKO JJig IHTErpalii JaHuX BiJIOMOCTEH
CTP1JIOYHHUX TIEPEBO/IIB 1 KOJIIM, HaKa3iB, sIKi BCTAHOBJIIOIOTH JOITYCTHMI IIBUJIKOCTI
Ha eJeMEeHTax 3ali3HU4yHOi 1HQpacTpykTypH, «IIpaBuy TeXHIYHOI eKcIuryaTauli
3ai3HUIL YKpainu» Ta «byniBenbHuX HOpM». Llel minxia 3a0e3neuye 3B'I30K MIXK
IPUPOAHO-MOBHUMHM 1HCTPYKIISIMHU, IHPOPMALIHHUMHA CUCTEMAMU Ta OHTOJIOTISIMU
0OMeKeHb HIBUIKOCTI MOI3/1B.

OHTOJIOTIST HECHPaBHOCTI 3ali3HUYHOI Komii 00'eqnye i1HbOpMarliio 3
HACTYIHUX JOKepen: 0a3 NaHWX, CTaHIIWHUX KpEeclIeHb Ta MPUPOIHO-MOBHHX
iHeTpyKIii. CeMaHTHUYHA MIEPEBipKa 3/11MCHIOETHCS 3a JOTTOMOTOI0 (popMali30BaHUX
IHCTPYKIIIA 3 TEXHIYHOTO OOCIYroBYBaHHS KOJIi, KOJIHHMX poOIT Ta
aBTOMATH30BaHOI BHUJ1aul MONEPEHKEHb TTPO 0OMEKEHHS IIBUJIKOCTI. 3aCTOCYBaHHS
pO3po0IeHOT OHTOJOrIT Ha/lae MOMJIMBICTH MiJBUIEHHS O€3MEeKH pyXy MOi3/iB
IUIIXOM TMEPEBIPKU JOTPUMAHHS MIBHJKICHOTO PEXHMY 1 HECHpPaBHOCTI KOJii,
CBOEYACHOI'O 3HATTS OOMEXKEHb 1 MEPEBIPKH JOCTOBIPHOCTI PYYHOIO BBEACHHS
nanux. JlocmimkeHo mpobiemy yHiikarii Ta iHTeneKTyam3anii iHpopMaiiHIX
CUCTEM 3aJlI3BHUYHOTO TPAHCHOPTYy B YKpaiHi 3aco0aMu  OHTOJIOTTYHOTO

3abe3neyeHHs. Po3po6iieH0 MOJyJbHY OHTOJIOTIIO, SIKa JO03BOJISIE 1HTETPYBaTH



iH(opMalliiiHI CUCTEMM 3aJlI3HUYHUX MIACUCTEM: CTaHIIIiiHy, BaroHHy, IOi3HY,
BIJINPABOYHY.

Y 4erBepTOMY PpO3AiJi  JOUIUIBHICTE  3alMpPOMOHOBAHOTO  MIAXOAY
EKCTICPUMEHTAJILHO MIATBEP/KCHA Ha MPUKIAAl AUITHOK 3ai3HHUIN «Maplymnob
[Topr-BonnoBaxa» Ykpainu, «Plovdiv-Burgas» Bbonrapii ta «Coswig-ESig G»
HimeuunHu Ta BiAMOBITHOTO HOPMATUBHOTO 3a0e3reueHHss. OHTOJIOTIS MOXKe OyTH
3aCTOCOBAHA SIK JI0 BUCOKOIMIBUAKICHUX 1 3BUYAMHUX 3aJII3HUI (Hampukian 10 160
KM/TO/), @ TaKOXX B TIOJAJBIIIOMY IHTETpOBaHA 3 MOi3HOIO Mojemmo. OIiHKa
OHTOJIOTIi OyJia MPOBEJCHA EKCIEPTHUM IUJISXOM 1 3a JIOIMOMOTOIO0 3aCTOCYHKY
OntOlogy Pitfall Scanner.

KarouoBi ciaoBa: oHTonorisa, 3ami3uauis, OWL, 0a3a 3HaHp, 0a3a HJaHMX,
KOHCTPYKTHBHO-IIPOIYKITiiiHE MOJICTTIOBAHHS, iH(dopMariitHa CUCTEMa,
HOPMATHBHO-IIPAaBOBE  3a0€3MEUEHHS, 1HCTPYKIS, CEMaHTUYHUN  aHaJI3,

aHOTYBaHHS TEKCTIB, TAOJIHIIS.



ABSTRACT

Zhuchyi L. I. Integration and harmonization of railway transport information
systems data by ontological means — Qualifying scientific work as a manuscript.

Thesis submitted for obtaining the Doctor of Philosophy degree in
Information technology, speciality 122 — Computer Science — Ukrainian State
University of Science and Technologies, Dnipro, 2022.

The dissertation is devoted to issues of feasibility demonstration and
development of methods of integration of siloed railway information systems and
relevant regulations, improvement of checking their consistency.

In the dissertation work, new scientifically based theoretical and experimental
results were obtained, which in the aggregate are essential for solving the actual
scientific and technical problem of railway transport data processing and checking
their consistency.

The scientific novelty of the obtained results.

At work for the first time:

7) the ontology of various types of sources was conceptualized and
formalized, which allows for combining and harmonizing the tables
presented in various information and software environments. Unlike others,
it takes into account the specific tabular structure of data and is based on
the gradual generalization of relationships between data elements;

8) the conceptualization of the prototype of the ontological support of the
railway track and its integration with the train, wagon and dispatch models
of the United Automated Management System of Freight Transportation of
Ukrzalisnytsya (AMS FT UZ-U). Unlike others, it takes into account the
formalized regulations;

9) the procedure for forming railway domain ontologies is formalized through
constructive-synthesizing modelling. Unlike others, it takes into account

the integration of siloed data sources.



Improved:

10) data processing technologies and information support processes:
connection track passport; permitted railway train speeds on public railway
tracks based on the corresponding ontological support;

11) methods of constructive-synthesizing modelling in the part of developing
chains of interconnected constructors and their application in the railway
domain.

Received further development:

12) means of semantic annotation of regulations. For this, an annotation
scheme based on railway ontology is presented.

The practical value of the obtained results is in the development of a prototype
based on ontologies, which provides a formalized representation of the railway
technological processes, which allows for checking the consistency of the data of
information systems with each other and with regulations.

Now on Ukrainian railways, the centralized system AMS FT UZ-U is used,
which unites the main operational subsystems of Ukrzaliznytsya. Since the AMS FT
UZ-U was created by combining and augmenting individual subsystems, it still
suffers from fragmentation, which is a certain problem. In addition, there was a need
for a certain decentralization because of the reorganization of Ukrzaliznytsya and
the creation of several companies on its basis and cooperation with information
systems of foreign countries, other carriers and some customers.

In the first section, ontological developments in the railway and other
domains are analyzed. It has been established that the European Union railway
transport ontologies are used for the integration of infrastructure description data,
train timetables and others. At the same time, not enough attention is paid to the
transportation process regulations. There are software tools for text annotation, table
knowledge extraction and ontology development, but they are not used to support

the Ukrainian railway transport transportation process. It was determined that the



actual task is the annotation of regulatory documentation to establish a connection
between ontology and the regulation texts.

The feasibility of using ontological tools in railway transport is justified for:
formalization of regulatory support; data transformation and integration; checking
the consistency of information systems data and regulations.

In the second section, author presents the developed methods for:

13) conceptualization and of knowledge tabular representation;

14) formation of the railway infrastructure ontology;

15) integration of railway infrastructure ontology prototype with:

a) ontology of sources;
b) ontology of railway train, wagon and dispatch models;

16) constructive-synthesizing modelling of ontological support of document

flow.

The ontological elements of tabular knowledge representation and their
relations are formalized in the form of a formal language graphic notation. A method
of forming complex concepts is suggested. The conceptualization basis is deep
detailing of relations between different concepts.

The basis of the concept is the application of the order relation, the variability
of which makes it possible to model different real objects of different natures.

A method of semantic checking based on a model of multi-level
concretization and integration of ontologies of sources and railway infrastructure has
been developed. Mechanisms of implementation of ontologies and their integration
are demonstrated in examples

In the third section, the means of ontological support for the connection track
passport and permitted speeds of public railway tracks have been developed.

The tabular presentation of data and railway transport regulation rules for the
connection track passport and speed restrictions has been formalized by ontological
means and tools of «data wrangling» and «data extraction». This eliminates part of

the time-consuming process of ontology population.



Means of semantic control of data from various sources on permitted speeds
on operational public railway track elements have been developed. To formalize the
restrictions of «Technical exploitation Rules of Ukrainian railways» the method of
semantic annotation is used. Ontology formation is based on the composition of
relations.

A modular ontology has been developed for the integration of data on railway
switches and tracks, orders that establish permitted speeds on the railway
infrastructure elements, «Technical exploitation Rules of Ukrainian railways» and
«Building codes». This approach provides a connection between natural language
instructions, information systems and ontologies of the railway train speed
restrictions.

The railway track defect ontology combines information from the following
sources: databases, station drawings and natural language regulations. Semantic
checking is carried out with the help of the railway track maintenance formalized,
track work and automated issuance of speed restriction warnings regulations.
Application of the developed ontology makes it possible to increase the safety of
railway train traffic by checking compliance with the speed regime and railway track
defects, timely removal of restrictions and checking the validity of manual data
entry.

The problem of unification and intellectualization of information systems of
railway transport in Ukraine utilizing ontological support has been investigated. A
modular ontology has been developed that allows for the integration of information
systems of railway subsystems: station, wagon, train, and dispatch.

In the fourth section, the feasibility of the proposed approach is
experimentally confirmed on the example of the sections of the railway «Mariupol
Port-Volnovakha» of Ukraine, «Plovdiv-Burgas» of Bulgaria and «Coswig-ESig G»
of Germany and the corresponding regulations. The ontology can be applied to both
high-speed and conventional railways (for example, up to 160 km/h), as well as
further integrated with the railway train model. The evaluation of the ontology was

carried out by a domain expert and by the Ontology Pitfall Scanner.
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