ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec tpancnopty, 2022, Ne 2 (98)

TH®OPMALUIHHO-KOMYHIKAIIMHI TEXHOJIOT'
TA MATEMATHUYHE MOJEJIOBAHHS

UDC 656.2.027:004.65

V. . SHYNKARENKOY, L. I. ZHUCHY I**

"Dep. «Computer and Information Technologies», Ukrainian State University of Science and Technologies, Lazaryana St., 2,
Dnipro, Ukraine, 49010, tel. +38 (063) 489 49 15, e-mail shinkarenko_vi@ua.fm, ORCID 0000-0001-8738-7225
2Dep. «Computer and Information Technologies», Ukrainian State University of Science and Technologies, Lazaryana St., 2,
Dnipro, Ukraine, 49010, tel. +38 (059) 965 92 36, e-mail larisa_zhuchiy@ukr.net, ORCID 0000-0002-9209-7262

Constructive-Synthesizing Modelling of Ontological Document Management
Support for the Railway Train Speed Restrictions

Purpose. During the development of railway ontologies, it is necessary to take into account both the data of
information systems and regulatory support to check their consistency. To do this, data integration is performed. The
purpose of the work is to formalize the methods for integrating heterogeneous sources of information and ontology
formation. Methodology. Constructive-synthesizing modelling of ontology formation and its resources was devel-
oped. Findings. Ontology formation formalization has been performed, which allows expanding the possibilities of
automating the integration and coordination of data using ontologies. In the future, it is planned to expand the struc-
tural system for the formation of ontologies based on textual sources of railway regulatory documentation and infor-
mation systems. Originality. The authors laid the foundations of using constructive-synthesizing modelling in the
railway transport ontological domain to form the structure and data of the railway train speed restriction warning
tables (database and csv format), their transformation into a common tabular format, vocabulary, rules and ontology
individuals, as well as ontology population. Ontology learning methods have been developed to integrate data from
heterogeneous sources. Practical value. The developed methods make it possible to integrate heterogeneous data
sources (the structure of the table of the railway train management rules, the form and application for issuing a warn-
ing), which are railway domain-specific. It allows forming an ontology from its data sources (database and csv for-
mats) to schema and individuals. Integration and consistency of information system data and regulatory documenta-
tion is one of the aspects of increasing the level of train traffic safety.

Keywords: constructive-synthesizing modelling; ontology; information system; railway; database; table; speed
restriction; ontology learning

railway ontology formation procedure formaliza-
tion by means and methods of constructive-synthe-
sizing modelling (CSM) [16].

Introduction

In Europe, transport ontologies [15] are developed
given the information support evolution and heteroge-
neous databases integration without changing them.

Development is performed using complementary soft-
ware tools. Railway transport data transformation into
an ontology is only partially applied. In [3], the Rail-
TopoModel UML model was transformed into an on-
tology schema. When developing the Rail Core Ontol-
ogy [15], OpenRefine is used to transform railway
train timetables into ontology individuals.

Previously, we developed a railway track ontol-
ogy formation procedure. This paper considers the

Problem statement and purpose

Automating the formation of ontologies makes it
possible to facilitate the laborious ontology develop-
ment process and is subject to ontology learning (OL).

OL is performed using tabular, textual sources
and a variety of models. OL tools are based on logic
rules, machine learning, statistical methods, etc.

When developing railway ontological support, it
iS necessary to consider both information system
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data and regulatory support to check their con-
sistency. According to the review [11], insufficient
attention is paid to OL’s data integration.

The purpose of the work is to formalize hetero-
geneous information sources integration methods of
ontology formation. As an example, the railway
track information support is considered in terms of
the train speed restriction in connection with its
technical condition.

Analysis of recent research and publications

Automation of ontology development implies
the automation of schema development and data
transformation into ontology individuals.

For the ontology scheme, the following methods
are used:

— transformation of the XML schema, for exam-
ple, using XSD20OWL [6] (as well as UML [14],
etc.) into an ontology schema;

— using a controlled language for ontology de-
velopment,  for  example, OntoDL  in
Onto20OWL [8];

— automated semantic annotation of documents,
for example, using text2onto [4].

For our work, tabular data structure mapping is
more relevant. In the case of the ontology schema
generation using the SQL-DDL database schema,
mapping rules are used. The tables are mapped to
the corresponding ontology classes [2]. Other data-
base-based ontology generation tools are presented
in the review [11].

The formalization of ontology scheme formation
is also carried out based on ontology pattern lan-
guage (OPL). As part of the approach, ontology de-
sign patterns have been developed, and the possibil-
ities for combining them are demonstrated using
OPL tools. To represent the ontology pattern lan-
guage, one uses grammar [13] and OPL languages
[12] based on derivation rules.

Automation of data transformation into ontology
instances is performed by the following means:

— data wrangling, such as in the Karma [10]
workbench and OpenRefine;

— semantic role labelling, for example in Incep-
tion [9];

— Virtual Knowledge Graph System, for exam-
ple in Ontop [21].

Tools such as «RDB to RDF Mapping Lan-
guage» are used to map table data onto an ontology

schema, followed by ontology population to inte-
grate data and check their consistency.

Another way to automate the development of
ontology formation using several software tools is
platforms for their integration. Integration can be
understood as the connection of services in applica-
tions based on ontologies, where RabbitMQ and Re-
dis messages are used [15].

For our work, the integration of ontology devel-
opment applications in the sense of mapping heter-
ogeneous files is more relevant, for example, as in
OntoPop [1], where tags for annotation and ontol-
ogy classes are mapped. First, documents are anno-
tated, rules are developed in the LangText language
[5] for mapping tags and ontology, and then the on-
tology is populated. Ontology individuals are re-
trieved from the text.

In other platforms, like [7], Java Patterns Engine
Annotation rules are used to map annotations to on-
tology instances as part of text2onto [4].

Methodology

CSM is based on formal grammar and is used to
formalize the formation of structures and construc-
tive processes of various natures. The basis is the
generic constructor, which is presented in [16].

Here, the CSM is used to formalize the proce-
dure for developing a railway track ontology using
the example of a speed restriction warning due to
its defects.

The paper presents only the specialization, inter-
pretation and concretization of the generative con-
structor for the formation of the speed restriction
warning database table. In [18] the following con-
structors are available:

— formation of railway train management rules
(TMR) [20] warning table structure DU-61 and
knowledge presentation concepts in csv format;

— converting the structure of the DU-61 warning
into the csv format table metadata;

— transforming a database table into a com-
mon representation;

— converting a csv table to a generic representa-
tion;

— transformation of TMR DU-61 warning table
structure and tabular knowledge representation con-
cepts of general representation into ontology vocab-
ulary;

— transformation of the DU-61 form table of the
general representation into the ontology individuals;
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— transformation of the ontology vocabulary
and TMR DU-61 warning table structure into ontol-
ogy rules;

— transformation of schema and
into ontology.

instances

Findings

Information support of the railway track in terms
of defects — a speed restriction warning includes
(Figure 1):

— an application for issuing warnings indicating
the location and speed restriction;

— the data structure description of the TMR
DU-61 warning;

— warning form;

The development of an ontology of data sources
for the DU-61 warning involves the following steps:

— filling in the database form DU-61 table ac-
cording to the request of the track master us-
ing SQL.ite;

Train management rules
g 200

3
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— transformation of the database DU-61 form ta-
ble into a generic representation using OpenRefine;

— filling in csv tables according to the model of
tabular knowledge representation [16] and the TMR
DU-61 table;

— converting the TMR DU-61 table into a csv
metadata table using a text editor;

— converting csv tables into a generic represen-
tation using OpenRefine;

— transformation of the generic format TMR
DU-61 from metadata tables and the tabular
knowledge representation model into the ontology
vocabulary using the Open Refine RDF extension;

— transformation of the DU-61 form table of the
generic format and the ontology vocabulary into on-
tology instances (ontology Abox) using the Open
Refine RDF extension;

— transformation of ontology vocabulary into
ontology rules (ontology Thox) using Protégé;

— integration of schema and ontology instances
using Protégé.
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Fig. 1. The procedure for the development of constructors for the railway train speed restriction document manage-

ment ontological support (the numbering corresponds to the data transformation sequence)
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Generative constructor for forming speed re-
striction warning database table

Constructors for each stage of development are
developed that have Protégé, OpenRefine, Tabula
and SQL.ite actors, as well as input and output data
(Figure 1). The procedure for developing construc-
tors is demonstrated. For the generative constructor,
the inputs are the application, the TMR, and the tab-
ular knowledge representation model. The inputs of
the transformation constructor and the outputs of the
generative and transformation constructors are the
constructs that are obtained through inference.

The purpose of the constructor is to generate
a speed restriction warning database table.

Consider the specialization of the generalized
constructor (GC) based on the constructive-synthe-
sizing approach:

C= <M’Z'A> s'_> Ctabl = <Mtabl 'Ztabl 'Atabl >
where C — GC; M — heterogeneous expandable car-
rier OK; Y — the signature of the relations and the
corresponding operations of the GC; A—a set of syn-
thesis information support (CIS) assertions of the
GC; .+ — specialization operation; Cian — a Spe-
cialized constructor (SC) for generating a speed re-
striction warning table; Mwn — includes the set of
terminals SC; T ={I} , where I" is the set of
strings, non-terminals N ={TABLE,TUPLES3,
ELEMENTL, LIT,HEADERY}, derivation rules; > tai
— relations and operations of the SC; A, — infor-
mation support for the construction of the SC may
include the semantics of concepts and operations,
derivation rules, restrictions, and initial and termi-
nation conditions.

e ={—,E,0,®} includes the signature of
operations: E ={c} — binding; ® ={|=,|[=} — deri-
vations; ® ={#,@,:=,-, AND} — operations on at-
tributes, — — derivation relation.

Semantics A, includes the following con-
cepts: table, table name, table key column (key), tu-
ple, number of columns (b), number of rows (f), at-
tribute value (LIT), sequence relation (o), as well as
[5] operations of full (||=) and partial (= ) deri-
vation, constrindex, constrindexPart strings.

Ay Includes the semantics of operations on
attributes:

- # (a, c, operation) — the «operationy in the #
operation is performed when a = c;

- @(a) — input @ from an external actor;

- :=(a, b) value b assignments to a;

- +(a,b,c) — a concatenation of b and c strings

with result in a;

- AND(operation, operation) — logical AND,
returns true if both operations return «truex.

Ay Includes the following constraint: the par-

tial derivation is performed considering the deriva-
tion relation attribute (,— ), if t = 0, then the rule is

not available.

The derivation rules are defined when the con-
structor is instantiated.

We interpret the constructor through an algorith-
mic constructor whose actor is DB Browser SQL.ite:

<Ctabl = < M izt s Ziapt 1 At >> '
CaL= < M 4 tabt 1 Z A tabt » A taol >, -
CI,L =<Ml,tabl 2} tal A tab >v
where ,— is the interpretation operation,
M pap includes a set of algorithms implemented by

the actor, as well as sets of input and output data for
them, X, .., ={-:} includes the signature of opera-

tions of sequential and conditional execution of al-
gorithms [5].
Below are the algorithms V, ., that implement the

corresponding operations on the attributes: A |§jC -
the algorithm Aj is executed ifa=c, A, |* isthe im-
a
plementation of the @ operation; A |5 —a = b;
A, —-(ab,c), A ™ AND(operation, op-
! 17

eration), where A is the identifier of the algorithm,
X;,Y;j are the domains and values of the algorithm

Al
Carrier M, gup1e =My UM g g -
Information support A, . is presented in [5],

A ot = Al U{(Ai |:,jc ‘J#)’(Az |Z J@)
(Al =)o (A e ), (A5 % JanD )|
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Consider the concretization of the constructor:
Ci tani :<Ml,tabl 12 et A e >K -
Ck tabi :<MK,tabI12K,tabl ’AK,tabI>’ , where  — op-
eration specification, My ., =M, .,
T bt =21 gl » Ak anr INCludes the following.

Initial conditions: table header count headerCnt
=0, number of columns (b), number of rows (f), key
column number keyColNum = 0, row counter
tupleCnt = 0, value counter elementCnt = 0, con-
structor-constructed value index constrindex, part
of index constructed constrindexPart, to= 1, t;= 0,
t,=0,t3=0,t4=0,t5=0,1t%=0,t;=0, tg= 0, tg= 0,
two = 0, t11 =0.

Non-terminals: TABLE, TUPLE, TUPLE],
VECTOR, LIT, HEADER1, TUPLE2, TUPLES,
ELEMENT1.

Terminals: b, f, key, table name, header, value,
element, index.

The initial non-terminal is TABLE.

Input data — an application for issuing a warning,
for example «at 23 km, give trains a warning to go
at a speed of no more than 60 km/h»;

Restrictions described earlier.

Termination condition — all derivation relations
are invalid.

The output is a warning database table (Table 1);
Derivation rules (include derivation relationships s
and attribute operations g):

! :< lit artrtableto — TUPLEL-VECTOR © attr TUPLE>

where  ;attr = b, ¢ ., rKey, table name.
0 = (= (t,0),:= (t,,1), @ (LIT JbITABLE),
@(LITJf JTABLE),@(LIT Jkey JTABLE)
@(LIT . table name JTABLE ))

Table 1

Shortened warning form DU-61

Place
23 km 60

Speed

Consider the realization example corresponding
to Table 1.

Derivation 1.

S1
TABLE—

ur Dy r By key, iy table name

TUPLE1-VECTOR o

Sz
urbour s key, Ly table name| ABLE—>
(t,=0,t =1, LIT JbJTABLE =2
LIT Jf ATABLE =1
LIT JkeyJTABLE = place
LIT Jtable name - TABLE = DU 61)

s, =(TUPLEL, — _ cheader - HEADERL)
9, =(=(t,,1),+(headerCnt, headerCnt,1)
@(LIT ~valueheader),

#(LIT Jvalueheader, LIT Jvalue.key,

= (kelCol, Num, headerCnt)))
#(headerCnt,b,:= (t,,0))

#(headerCnt,b, = (t;,1)))

Derivation 2.
header - HEADER1-VECTOR o

L7 value

S,

2D11 T prace KEY, pu s table nameTABLE:3>
(t, =1,headerCnt =1,

LIT valueheader = place
keyCoINum =1).

s, = < HEADERL, —> _.,0header o HEADER1>
g5 = (+(headerCnt, headerCnt, 1)

#(headerCnt, b, = (t,,0))

@(LIT value_header),

#(headerCnt,b,= (t;,1))

#(headerCnt,b,:= (t,,1))

#( LIT avalueheader, LIT .value.lkey,

= (kelCol, Num, headerCnt)))>

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2022/268001

© V. I. Shynkarenko, L. I. Zhuchyi, 2022

63


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec tpancmopty, 2022, Ne 2 (98)

[HOOPMALIMHO-KOMYHIKALIITHI TEXHOJIOT' i TA MATEMATUYHE MOJIEJIFOBAHH S

Derivation 3.

header o header o

value L7 value

place

HEADER1-VECTOR o
S4,Sg

25,1 T piace K€Y, oy g table name | ABLE—=>
(headerCnt =2,t, =0,

LIT valueheader = speed

ty=1t, =1).

s, =(VECTOR, —TUPLE2-TUPLE3)
9, = (= (t;,1),+(tupleCnt, tupleCnt,1)

#(tupleCnt, = (t,1)))

Derivation 4.

header o header o TUPLE2-TUPLE3o-

SS9

TABLE—

25,1 T place KeY, pu g table name
(t; =1, tupleCnt =1, =1>.

s, =(TUPLE3, —TUPLE2-TUPLES3)
95 = (= (t;,1),+(tupleCnt, tupleCnt,1)
=(t,,1), #(tupleCnt, f = (t,,1)))

place Value Lt Value

S = <TUPLE2t5 = aetlemento
ELEMENTZ1),
where  element= oo e, vae€lement.

gs = (= (elementCnt,1),

@(LIT JvalueJelement),

#(elementCnt, headerCnt, = (t,,1) )= (t5,1),
#(elementCnt, headerCnt, = (t,5,1)),
#(elementCnt, keyColNum,

= (constrindexPart, LIT valuelelement)),
#(elementCnt, keyColNum,

-(constrindex, constrindexPart,

LIT . table name. lelement )

#(elementCnt, keyColNum, := (elementCnt, 0))>

Derivation 5.

header o header o

value speed Value

element o ELEMENT 10

place

uT type, yr index, iy value

S

TABLE—

2D,1 T place k&Y, pu 61 table name

(elementCnt =1, LIT JvalueJelement = 23km
t, =1, j = 23km, constrindex = 23kmDU 61).
s; =(ELEMENTZ, —
ELEMENTl},

g, = (+(elementCnt, elementCntl),

#(elementCnt, headerCnt, = (t,,0))
@(LIT Jvalueelement),

#(elementCnt, headerCnt, = (t,5,1)),
#(elementCnt, headerCnt, = (t,o,1)),
#(elementCnt, keyColNum,

element o

Lt value

= (constrindexPart, LIT valuelelement)),
#(elementCnt, keyColNum,

-(constrindex, constrindexPart,

LIT .itable name.lelement))

#(elementCnt, keyColNum, = (elementCnt, 0)))

Derivation 6.

header o header o

place Value speeq Value

element o

string typev LIT index, 2(:H<mvalue

element - ELEMENT o

vt type, yr index, 7 value

S11

TABLE—

20,1 T, prace K€Y, pu g table name
(elementCnt = 2,t; =0,

LIT Jvalueelement =60,t,, =1,
constrindex = 23kmDU 61, elementCnt = O).

s, =(HEADERL, —e¢),
s =(g).
s, =(TUPLE3, —¢),

g).

99 <
5,0 =(ELEMENT1, —z),
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O = <#(AND((tupIeCnt, f),
(elementCnt, headerCnt)),:=(t,;,1)),
=(t,,1),=(t5,0),:=(t;,0),= (t9,0)>

Derivation 9.

header o header o

value speed Value

place

element o

string YYPE, 23kmpu 611NAEX, H34m Value

element o

string YYP€, 23kmpu 611NdEX, govalue

S12

TABLE—

251 F prace K€Y, py sy table nam
S =<LITAinde><t7 —n),

Oy = (+(e|ementCnt, elementCntl),
#(elementCnt, headerCnt, = (t,,,0))
#(elementCnt, headerCnt, = (t,, 0))>

Derivation 7.

header o header o

value speeq VaIUe

place

element o

string YYPE, 23kmpu 611NAEX, 53 ValUE

element - ELEMENT 10

string IYPE, 7 index, 5o value

S11

TABLE—

201 T piace K€Y, pu 1 table name

(elementCnt = 1>

Derivation 8.

header o header o

value speed Value

place

element o

string YYP€, 23kmpu 611NAEX, 53 Value

element - ELEMENT 10

string YYP€, 23kmpu 611NEX, 5o Value

S10

TABLE—

2b11 f, place key, DU gltable name
(elementCnt =1,t, =1,t,, =0)
s, =(TABLE,, —eof ),

012 :<‘°'>-

Derivation 10.

header o header o

value speeq Value

place

element o

string YYPE, 23kmpu 611NEX, 53 Value

element o eof

string YYP€, 23kmpu 611NdEX, go value

Originality and practical value

The basis for automating the formation of the
ontology of the railway domain by the constructive-
synthesizing method has been laid.

The authors laid the foundations of using con-
structive-synthesizing modelling in the railway
transport ontological domain to form the structure
and data of the railway train speed restriction warn-
ing tables (database and csv format), their transfor-
mation into a common tabular format, vocabulary,
rules and ontology individuals. As well as ontol-
ogy population.

Ontology learning methods have been devel-
oped to integrate data from heterogeneous sources
(the structure of the table DU-61 TMR, the form and
application for issuing a warning), and is also rail-
way-oriented. It allows forming an ontology from
its data sources (database format and csv) to schema
and instances.

Integration and consistency checking of data
from information systems and regulatory documen-
tation is one of the aspects of increasing the train
traffic safety level.

Conclusions

The formalization of the ontology formation has
been performed, which allows expanding the possi-
bilities of automating the data integration and
checking its consistency using ontologies.

In the future, it is planned to expand the struc-
tural system for the formation of ontologies based
on textual sources of regulatory documentation and
information systems of the railway.
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KouncrpykuiiiHo-npoaykuiiiHe MO1eJIOBAHHS OHTOJIOTIYHOT0 3a0e31eYeHHs
JOKYMEHTO000iry 3 00MesKeHHs IIBUAKOCTI PyXy NOI3iB

Merta. I1ix yac po3poOKK OHTOJIOTIH 3aJII3HUYHOTO JOMEHY HEOOX1THO BpaXOBYBATH SIK 1aHi iHpopManiiHUX CH-
CTEM, TaK i HOpMaTUBHE 3a0e3MeueHHs AUl IEPEBIPKU TXHBOIT y3ro/pKeHOCTI. [IJist 1IbOoro BUKOHYIOTh IHTErpamnito aa-
HuX. OCHOBHOIO METOIO PoOOTH € (popMaiizamis MeTOIiB iHTerpaii pisHOPIAHUX HKepen iHpopMarii Ta popMyBaHHS
onroorii. Meroguka. Po3pobieHO KOHCTPYKIIHHO-IPOAYKIIHHY MOIens (pOpMyBaHHS OHTOJOTII Ta i1 mKeped.
PesyasTaTn. Bukonano ¢hopmaizamnito ¢opMyBaHHS OHTOJIOTIT, IO TO3BOJISE POIIIMPUTH MOKIHMBOCTI aBTOMAaTH3a-
il iHTerparii Ta y3roKeHHS TaHUX 3aco0amMu OHTONIOTiH. Hamami 3aruiaHoBaHO pO3MIMPUTH KOHCTPYKIIHHY CHCTEMY
(hopMyBaHHS OHTOJIOTiHf Ha OCHOBI TEKCTOBUX JDKEpeT HOPMAaTHBHOI MOKYMEHTAII] Ta iHPpOpMamiHHIX CHCTEM 3ali3-
auti. HaykoBa HoBH3Ha. OOTpYHTOBaHO MOXIIMBOCTI BUKOPUCTAHHS B OHTOJIOTIYHOMY JOMEHI Ha 3aTi3HUYHOMY
TPaHCIOPTI KOHCTPYKIIHHO-TIPOAYKIIIIHOTO MOJIETFOBaHH 1 (OpMyBaHHS CTPYKTYPH i TaHUX TaOJMIb Tomepe-
JOKEHb TIPO 0OMexeHHsT IBHAKOCTI (Ppopma 6a3u JaHuX 1 csv), iX MEepeTBOPEHHs B 3arajibHUM TaOIUYHUKA Gopmar,
CJIOBHUK, ITPaBUJIa Ta EK3EMIULSIPH OHTOJIOTI], 8 TAKOXK 3aIIOBHEHHS CXeMH ek3eMIusipamu. HaOymu po3BuTKy MeTonn
ontology learning mns inTerparii nauux pisHopinuux mxepen. [Ipakruyna 3HaYUMicTh. Po3po6ieHi MeToau 103B0-
JISIFOTh BUKOHATH 1HTETPAIliio PI3HOPIOHUX JpKepen AaHuxX (CcTpykTypu Tadmuni JY—-61 iHcTpykuii 3 pyxy Hoi3ais,
OnaHKa Ta 3asBKH Ha BHJady IMOMEPEKEHHs), 110 IPEIMETHO OPIEHTOBaHI Ha 3aJi3HUILIO, C(HOPMYBATH OHTOJIOTIIO
Bix 11 mkepen nauux (popmatiB 0a3y HaHUX 1 CSV) JO CXEMH Ta €K3eMIULIpiB. [HTErpamis Ta y3roKeHICTh JaHUX
iH(pOpMAaLiHHIX CHCTEM 1 HOPMATUBHOI JOKYMEHTAIIi] € OJTHAM 3 acIIeKTiB IiIBUIICHHS PiBHS O€3IMeKH pyXy MOi3IiB.

Knrouosi cnosa: KOHCTPYKUIHHO-TIPOAYKIIiIfHE MOJETIOBaHHS; OHTOJIOTIA; iHQOpMAaIlifiHa crcTeMa; 3aJi3HUIA;
0asa maHux; TaOIUIT, OOMEKEHHS IIBUIKOCTI, OHTOJIOTIYHE HaBYaHHS
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