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Inoéanizauis ingpopmauitinux cucmem (IC) 6 npoueci nocmiii-
noi excnayamauii i mooepiizayii nopoodicye 1o6i npodemu, 6UL6-
Js€ ocobausocmi npedcmasnenns zaedans pozeumxy IC. Taxoro
cxaaonoto zanysesoro IC, wo eumazae 6ionogionoi onmonozinnoi
niompumKu, € ABMOMAMUI0BAHA CUCHIEMA YNPACIIHHA BAHMAIC-
Humu nepegezewnamu (ACK BII Y3-€). Pozsumox ingopmauiii-
Hux nidcucmem inppacmpyxmypu, pyxomozo i msa206020 ckaiaoy,
ynpasuinns pyxom, Qinancis, xaopie i paody iHmux eumazaiomo
63AE€MON08°A3ANH020 POIGUMKY OHMOTLOZIMH020 3abe3neuenns.

3 ypaxyeannam uvozo0 Gyau po3pobaeni memoou i 3acobu
0HMOJI02141020 3a0e3neuenns KOHCMPYKMUBHO-NPOOYKUiHO20
mooemosanns (OKIIM), npusnaueni 0as niompumxu npoue-
cie bazamoemaniozo cCmeopenns, mpueanozo nepiody Qynryio-
Hysanns i nocmiunozo pozeumxy ACK BII Y3-€. Ompumani
pe3yavmamu xXapaxmepusyromoca yHigepcanizmom, sabdesne-
uyromo moscausocmi nooanns esomouii 06’exma (IC) i 3amicmy
onmoanoeiii 6 OKIIM.

Iobyoosa mooeneit i memodie OKIIM ompumarno wnsxom
poswmupenns 6ionocun i 6i0o0paicenv, a MaxKoiNC 3a PAXYHOK
CMBOPEHHS HOBUX CIMPYKMYP NOPOOHCEHHS, 00NOBHEHHS KIAACI8
cuznamyp nHosumu eionocunamu iz xoncmpyroeanns. Ipu ybomy
ompumana po3eumox mooeab €0UHOi, YyHiGePCaNbHOI ma maxoi
WO HALAUWMOBYEMbCA HA Pi3Hi npedMemHi 0b6aacmi onmonoeiu-
noi xoncmpyxmuenoi cmpyxmypu (OKC). OKC epaxosye umo-
2U w000 NOOAHHAM NPOUECi6 PoWUPEHH npedmemioi obacmi,
a maxooc ynigixauii snanv. Ina 3asoanv KIIM cmeopeni memo-
ou i 3acobu Mooemo8anns npouecié kKonuenmyanizauii 00’cx-
mié wo pPo3euearomvCsa, No6Y008AHO KOHCMPYKMUGHY 00uuUC-
Jlenna Kanacy 6idoépajceiv n0200ICYEAHNI, A MAKONC Memoou
KOHCMPYI08AHHS OHMON0ZIMHUX 00°€KMié 8uwy020 nopaoxy. /lns
onmonoziunoi niompumxu npovecie KIIM ¢ ymoeax pozwupen-
HA npeomemnux oodaacmeil 800CKOHANeHI Memoou 6usedeHms
6 modeni koncmpyxmuenoi cmpyxmypi OKIIM, zanpononoeani
npouedypu 3mMicmoenoi, cmpykmypnoi ma noe’szanoi 6ueoou-
Mocmi, a maxodc 6azamopisinesi memoou 6useoens.

Hagedeni npuxnaou peanizayii 0irouux 6 danuii vac y aemo-
Mmamuzoeaniii cucmemi ACK BII Y3-E npouedyp cmeopenns
Ho6UX 000amxie, 3 GUKOPUCMAHHAM 3ANPONOHOBAHUX 3AC00i8
KIIM. Ipuxnadu demoncmpyroms docmamuicmv po3podienux
Mmodeneii i 3aco6ie OKIIM w000 peanizauii oitouux npouedyp
po3eumxy i cynpoeody ckaaonux 3aniznuunux ACY

Kmouoei crosa: onmonozinie 3abe3nenenns, KoHCmpykmusie
MO0en06anHs, KOHUENMYANi3auis, Memoou 6ueedeHts, aemo-
Mamu306ani cucmemu
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At present, applied subject ontologies (SOs) and onto-
logical systems (OSs) become widely developed and used
in various activities [1, 2]. Moreover, the range of tasks and
software within OSs is constantly expanding. Ontological
systems provide effective functioning of diverse information
technology (IT), mainly in complex, poorly structured and
sophisticated high-tech areas of knowledge and activity. The
paradigm of developing a knowledge-oriented society [3]
implies a substantial reworking of modern information re-
sources, systems, and IT.

There are several main approaches to establishing sub-
ject ontologies [4]. The founding principles of designing

ontological support for constructive-synthesizing modeling
(CSM) processes in heterogeneous, structurally complex IT
are expressed in [5—8]. They suggest a structural approach
to creating tools for ontological support for CSM. Moreover,
the constructive-synthesizing modeling ontology itself was
also built using the CSM methodology. In ontologies, CSM
extends the possibilities of modeling and representing en-
tities in the constructed process of creating and developing
SO knowledge models. The constructivism paradigm in the
present study includes the features of modeling, presenting
and implementing mechanisms of IT development factors.
Besides, the specific properties of complex information sys-
tems are not pre-planned processes of their expansion and
reconstruction.




As examples of complex sectoral information technologies
that require ontological support, we consider automated con-
trol systems (ACSs) for railway transport (RT) in Ukraine.
The industry is supported by a network of ACSs. The cha-
racteristic properties of many RTACSs are the multistage
design and implementation, durable operation, continuous
development and significant maintenance modifications. An
example of an ACS is the unified automated system for ma-
naging freight traffic of Ukrzaliznytsia (State Administration
of Railway Transport of Ukraine) — ACS FT UZ-U) [9]. The
implementation of these IS properties is a significant problem
in the ontological support for CSM.

Subject-independent methodologies for developing on-
tologies are based on several design and implementation
principles proposed by Grubber [10]; they include clarity,
consistency, extensibility, and minimum ontological obliga-
tions. Applied ontologies (AOs) including CSM for RTACSs
should also be extensible and modifiable. When designing
such AOs, it is essential that new facilities should contain
several diverse quality properties. On the one hand, new
facilities should be connected and coordinated with the
existing ones. On the other hand, the introduction of pre-
viously unknown new elements (terminology, concepts, and
nodes) to ontologies of RTACSs in practice often somewhat
transforms the properties and content of already existing
elements of knowledge about the ACS. For example, due to
new connections and relations arising between the «nodes»
of the subject ontology, additional properties of objects
appear. In addition, on the basis of this knowledge, other
interpretations of concepts or query performance for OSs
can be obtained. The processes of developing an RTACS and
implementing the principle of extensibility of the OS require
the creation of special models and procedures within the
framework of the OCSM methodology.

To clarify some of the problems of expanding and deve-
loping the IT for the RTACS, let us consider an example of
a part of the ACS FT UZ-U structure. Its components are
the following [9]:

1. 1. Operational management of the transportation pro-
cess (TPOM).

1. 2. Freight transport management.

1. 3. Passenger traffic management.

1. 5. Management of the border area.

1. 6. The system of statistics of volume indicators of in-
come from freight transportation.

1. 7. Analysis of productive and financial activities, etc.
Detailing the TPOM site produces such tasks.

1. 1. 1. Control of the location and condition of trains.

1.1. 2. Control of the location and condition of freight
wagons.

1. 1. 3. Station management.

1. 1. 4. The border system.

1.1. 5. Control of dislocation and condition of cargo
shipments.

1. 1. 6. The schedule estimation of the cargo arrival, etc.

Initially, the basic components of the ACS FT UZ-U
apparently formed a hierarchical structure. As the ACS was
developed, these connections turned out to be broken. Thus,
the TPOM (1.1) functions began to include the functions
of the border system (1.1.4) related to the management
of the border area (1.5). The functions of the statistical
system (1.6) are related to the analysis of productive and
financial activities (1.7). There are also obvious connections
between the blocks of functions (1.1.5) and (1.1.6). There-

fore, the correction of information in any of the blocks will
require the adjustment of models and nodes of some objects.
That is, in practice, the system of concepts that characte-
rize the individual components of the ACS FT UZ-U forms
a network structure. Moreover, when introducing new ob-
jects into the applied ontology and reconstructing properties
or connections between objects, it is necessary to apply
special system-wide methods and procedures for maintaining
the IT of the ACS.

The problem of presenting a transforming and evolving
system of knowledge is relevant for the creation and main-
tenance of existing information technologies for the RTACS.
The tasks of developing and improving the automated
control system of the RT, including the control system of
the FT UZ-U, entail the creation of a complex of analytical
servers (ASs). Decision-making processes (DMPs) have
a number of common tasks and functions that, within the
framework of the ACS FT UZ-U, should be based on a com-
mon information ground and common implementation me-
thods. The AS system, intended for the unified deployment of
intelligent services of the ACS FT UZ-U, is also based on the
CSM methodology and the applied CSM ontology.

2. Literature review and problem statement

One of the key directions in developing information
technology of the latest and current decades is the increase
in efficiency by means of intellectualization. To overcome
this global problem, many tools and methods have been deve-
loped and continue to be devised.

In many cases, the tasks of increasing the efficiency of
complex industrial, technological, scientific and other types of
IT is solved through the use of ontological support tools [1, 2].
In[1], a concept is considered for building multipurpose
ontological systems that can be effectively used to create
relatively simple ontological applications to support the sys-
tematic integration of subject knowledge. Relations between
various ontologies are proposed to be performed in the form
of operations ontographs [2]. The essential role of connected
ontologies is shown in [11]. There, the key point is the rela-
tionship between the ontology of services and universal on-
tology. Along with two-level ontologies, multilevel ones are
also considered in diverse variants of level selection [1, 12].

The formation of new levels can be considered as a simu-
lation of ontology development.

In[1, 2, 11, 12], conceptual directions for the creation
and development of applied ontologies and families of ontolo-
gies are proposed for various subsequent implementations. To
automatize these processes, further formalization is needed:
the development and study of appropriate formal models.

In a number of works considered further, the solution of
various tasks of ontological support of information systems,
regardless of their perspective, directly or indirectly entails
the need to develop ontologies, devise ontological support
for developing information systems, and formalize these
processes.

Complex tasks of OS development are implemented to
function both independently and as part of ontologically
managed IT, providing information and analytical support
for operating procedures [3]. It is important «to apply the
methods and means of ontological analysis, including effec-
tive procedures for ontological search for primary informa-
tion and cognitive data processing, up to the automation of



developing an ontological description of the subject area».
Methods and means of automation suggest the presence of
a formal apparatus of inference proposed in this work.

The practice of creating and developing information sys-
tems has shown the importance of the results of activities at
the early stages. Among them, conceptual data modeling was
considered critical in [13]. In [14], it was shown that «the
advantage of using ontology for modeling conceptual data
is the reuse of domain knowledge. As a result, the concept
data model will be produced faster, simpler, and with fewer
errors than creating the conceptual data model in the usual
way.>» When solving specific problems of informatization, the
need for conceptualization was identified. This can be viewed
as a suggested direction for further research. In all the OS
developments noted above, the task of providing IT deve-
lopment factors was clearly not presented. However, for each
application, specific models and procedures for expanding
knowledge were used.

In [15], ontological support is used to develop an intel-
ligent system for automatic text classification, in which the
principle of extension is implemented. The development of
ontologies is performed on an empirical basis. In [13], it is
proposed to use ontologies for automatic modeling of the
subject area by the formation of conceptual data models.
At the same time, the data ontology and model are trans-
formed in terms of the calculus of predicates of the first order
and are displayed in the form of PROLOG sentences. The
formalisms are indicated, on the basis of which the models of
developing subject ontologies can be implemented. The for-
malization of ontology (but not its development) has a rather
narrow focus. In this regard, knowledge increment models
act as some forms of OS development, on the basis of which
means of ontological support can be created.

The importance of «developing the methodology and
tools of computer-aided design of a formal (computer)
ontology» is also noted in [16]. How automation tasks are
solved on the basis of the preference principle is shown
in [17]. Another approach to automation is based on the
idea of including paradigmatic and syntagmatic relations for
data processing [18]. In [16], it is noted that «so far...there
remains an open question of the emergence of a construc-
tive theory of the development of formal ontologies,» and
in [17, 18], some key elements are suggested as possibly use-
ful in a constructive approach.

It is also essential to note the development of powerful
research areas related to the use of ontologies in IT. The
importance of ontological support in developing IT is high-
lighted in [19]. The practical benefits of ontological support
in solving diverse tasks in developing information systems
are confirmed by a number of studies. Thus, in [20], a me-
thodology for ontology-based classification system is pro-
posed. Using this methodology, classification accuracy can be
improved in some cases. In [21], ontological support ensures
the survivability of the plans of the Ministry of Defense.
In [22], it is noted that «the semantic approach, in which
the main solution is annotated with ontological statements,
thereby makes the requirements explicit and accessible for
further machine processing». The development of theoretical
foundations will make it possible to unify and improve these
machining processes.

The benefits of ontological support during the deve-
lopment of information systems are shown in[23]. How-
ever, the problems of connected, simultaneously developing
ISs are not taken into account. Principles for developing

ontologies and tools for ontological compatibility [24] do
not yet have a sufficient formal mathematical justification,
since the processes of devising and developing ontologies
themselves are constructive in nature. Therefore, the most
adequate approach to their study and improvement is a ra-
ther specific constructive modeling.

The use of ontologies in developing IT is not possible
without working together on ontologies [25].

Modern ontological support for IT extends both to the
formation of models of concepts (individual concepts, links,
means of creating entities, etc.) as well as the use of specia-
lized output procedures. Such attributes have different ap-
plied ontologies for mathematically and logically complex IT
applications (fuzzy control, multicriteria analysis, and data
interpretation). The noted features of applied ontologies that
represent developing IT provide the basis for the formation
of an improved system of models of the CSM ontology.

When summing up the opinions on the ontological sup-
port of information systems on the general problems of SOs
development while taking into account the requirements for
displaying the processes of expansion and development of
knowledge, it is necessary to note the lack of mathematical
substantiation and tools for creating ontological support for
constructive modeling procedures. The above-mentioned
articles specify, in particular, the need for automation, concep-
tualization and extension of the ontological support for deve-
loping information systems. In most of these works, such needs
were satisfied by highly specialized or empirical methods.

In this regard, the development of methods and means
of ontological support for CSM, taking into account the
development of IT, is an urgent task for the constructive
formation of an OS.

3. The aim and objectives of the study

The aim of the present study is to develop methods and
improve the means of ontological support for CSM processes
that take into account the principle of the expansion and
development of an OS.

To achieve this goal, the following objectives were set
and solved:

—to develop methods and procedures for constructive
modeling of conceptualization processes of developing ob-
jects and the formation of higher-level ontology domains;

— to develop methods and procedures for the content and
structural deductibility of the highest order in the construc-
tive structure of the OCSM,;

— to create means of support for the development of ap-
plied ontologies for the existing RTACS.

4. Materials and methods of research on the ontological
support for constructive-synthesizing modeling
of developing information systems

4.1. Fundamentals of the constructive-synthesizing
modeling

According to the constructivism paradigm, all objects
and properties of a SO must be explicitly constructed using
the models of the constructive structure of the CSM [7]. In
the framework of the OCSM, all instances of models of the
ontology & concepts have special and generic forms of de-
scription, constructing properties, indicators, and attributes



among other components. Conceptualization of the onto-
logy R is given by forming notions, IT concepts, classes of
objects ObR, relationships and mappings Rf&. Conceptua-
lization of SO elements is performed by a constructive model
of the OCSM, defined by the quartet:

C=(M,Z A, 7Z), (1)

where Z=7,UZ, is the class of performers, consisting of
subclasses of external Zy and internal Z, performers and
a hybridization of the performers Z,; classes of calculations
A=A,UA’, action and relation signatures =X, UL UL’
as well as the carrier M=M, UM/, intended for the forma-
tion of the class of objects Ob&. Within the OCSM, the basic
classes A,, My, Z,, and =" are system-generating, providing the
debelopment of generating classes A*, M", and X". The base
carrier M) is the initial one for the step-by-step formation of
the generic constructive classes: objects ©F, features &, and
derived ontological objects ©* c M’ of the % levels (stages) of
development. The generating signature X, consists of the class
of simple operators ®° =D, the class of simple relations and
mappings 2)° c9), including binding subclasses, and also the
mapping class of generating selection ° of models of ontolo-
gical objects. A simple action class is intended for the model C
to form complex relationships and mappings of the class X'

Technologically, the design of entities in the ontological
model of the OCSM occurs according to the scheme:

—an external performer supplies the constructive struc-
ture model with structure elements (samples) of the subject
domain (SD), action (reflection) and relations between the
samples, as well as systems of rules, instructions, and axioms
(calculus) over entered objects;

—according to the rules of calculating the comparison
relations between elements of the CSM, the design of the
elementary characteristics of the samples is carried out;

— relations of subordination of features and samples ge-
nerate the attributive entities of ontology;

— the entities are formed by mapping the connection
across attribute constructs;

— complex objects of knowledge are constructed recur-
sively by compositions of the indicated relations and map-
pings, and they are classified according to the levels of entity
formation;

— the formed entities represent free classes of knowledge
on which new entities can be constructed, or external execu-
tors organize an exit from the CSM. Development of the ba-
sic ontology into an OCSM is possible due to the expansion
of relations and mappings as well as by creating new genera-
ting structures, extending the classes of signatures with new
constructor relations, etc.

4. 2. Methods of designing families of level ontologies
of higher-order domains for applied CSM ontologies

In model (1), the formation of models of zero-order SO
objects is performed on the base classes My, Z,, and A as well
as performers Z. The build-up of the constructive capabilities
of the OCS is accomplished by expanding structure (1) by
the following methods.

4.2.1. Extension of the basic classes and first-order
constructs

To extend the classes of ontology, we use the fact that in
model (1) the signature =" is given on the classes of simple Q
and complex 9t mappings.

The definition. A pair of classes of concepts or map-
pings (A,B), A, BcQ, Qc oz, and 9*cM, where
Bc A, defines in the OCS structure the class B extension
by class A in the mapping class Q < £*, if the calculations of
(VaeB,ac9*) or (YueB, nel’) are connected by the de-
pendence: inclusion aA < AA (LA < AA) involves inclusion
ah c BA (uA c BA), where aA and AA are the results of
the calculations on the class A and its element a € A. In this
case, the extended map [t has the property of an inducing
morphism.

The structure signature (1) contains the mapping class
M c T¥, which helps create new constructs of the genera-
ting class =" c Z, for which 9,%,D c X on classes "' ),
0*! =0 and operators D" . Let us consider the forma-
tion and application of more complex constructive mappings.

4.2.2. Constructive calculus of the generating class
of maps

Suppose ®e M is any generating map of the n-th order
(or rank), and the family of concepts of arbitrary orders is
as follows:

fJ:I’S‘VDk &Sgr Sg{r ‘1’5:2[/ |SQ]’/

and

=3 18 18y |8

DN

then the following properties of the formation of construc-
tive-synthesizing models take place:
— the mapping ® acts on the families $§ and & so that:

o:[],56) -8, (2)

— for specific generators of the maps ® and the fami-
lies $ and &, it is possible to have a hybrid representation
of the ontological constructions:

H”irfj:f and f‘jtf‘jz.“f‘jk:f’
where

I [, €96, i=1.k and [e6; 3)

— the construction f, €® is empty if it is composed of
empty components;
— the mapping ®, € M is neutral if it forms the entity:

(rpfoJon=TL,5 o ( /)ou= 1, o
(o Jou =1,y or (ffo) o= 1 (4)

— the mapping ®e M is neither commutative nor asso-
ciative with respect to the composition operator ¢ =e;

—the class 90t is a class of weak morphisms (there are
partial properties of morphisms) with respect to the compo-
sition operator;

— V¢ e D" can be formed on the entities:

[of =/ and (fff)o= 1

as well as hybrid representations of entities so that:



(f’ H”y)f/’)q)’ (Hnﬁfjif)q)v (Hﬁfj’nﬁf)q) , etc., (5)

— the mapping structures:
Moh=1 Gl 1e=1

and the corresponding hybridization allow for iterative for-
mations of ontological entities in the classes $ and &.

Examples of hybrid constructive ontological operators
and mappings are the following constructions:

(200 (000 g

[Q,/ P L LS

d others. 6
G, P,-)_\-,(H"ﬁf, H”y)f)qu) and others 6)

A fragment of the process of level and ordinal construc-
tion of the classes of models of ontological objects, mappings
and domain ontologies 8%, k=0,1,2,--- is presented in Fig. 1.

0 1
o @) 2 @)
T vy

DO

Fig. 1. The outline of the process of level and sequential
formation of models of entities of ontologies

In Fig. 1, the vertical direction shows the level, while the
horizontal direction shows the order formation of the struc-
tural models of ontologies.

5. Development of methods for modeling objects
of higher order and output in the constructive structure
of the OCSM as a result of the study

Families of ontological objects of higher order help in-
troduce an ordered system of domain models of an IT area.
Models and methods of output play an important role in
the OCSM. On their basis, numerous tasks are performed
to ensure the functioning of the CSM ontologies: the im-
plementation of solution search, verification of identities or
equivalence of models of ontological objects, the formation
of ways to construct objects with the required properties,
the construction of models of complex concepts, etc. Due to
the possibility of expanding and developing IT domains, the
structure of the OCSM (1) must have certain means that
ensure the transformation of the output methods. Let us con-
sider the issues of the development of withdrawal procedures
in the structure of the OCSM (1).

In the OCSM, the models of the generated objects have
both content and structural components, which should be
taken into account in the output procedures. For this pur-
pose, the content 6" and structural ¢! modifications of the

mappings are determined in the class of mappings of the
derivative of the signature generator °. The content de-
ducibility takes into account the generic and special features
of the structure of the design model, whereas the structural
deducibility accounts for properties of binding relations.

5. 1. Methods of modeling of ontological objects of the
m-th order

Families of ontological objects of higher order help in-
troduce an ordered system of domain models of an IT area.
The construction of families of subclass objects Df”“ c O
O =M, is performed using the iterative procedure:

%Dﬁm — (%Dfn !g%rn ,ng Y%le )v m= 0y172a' ) (7)

where R", 2" A" X', (R", A" cRfR™), and O < OF are
already formed families of class constructions. For values
of m>1, they are formed by calculating the generating signa-
ture X* and the class mappings Z'.

Let the class of families Y_)’;H of the k-th level and m—1-st
order be built on the four classes Df;H, R D™ A" The
scheme of the algorithm for constructing the ontology &% of
the classes R", D", 24", Ok £ s as follows:

(1) the mapping:

oy : [T, 9L R H > %",

g, € M forms the class of relations R™, where
9=Fo&To [T |Tus
(2) the mapping:

oy [, (9, 2"H—-2",

0, €M constructs a family of operators and algorithms of
the class ©";

(3) a complex class of mappings of the compound 2™ is
constructed by the mappings:

0y €M and o, ] (95, 24" H—>A";

(4) the operators ¢ € D" on the mappings of the class R"
and operator algorithms of the class " on the objects of the
class ©F , construct the family of structures §&;

(5) the hybrid of mappings and operators of the clas-
ses 2" and ®” on the class of objects O , forms the family
of the concepts S;”;

(6) the class mappings R™ and 2" as well as a hybridi-
zation on the class © , form the hybrid family of con-
cepts 3?’1;

(7) the constructed families are included in the ontol(l)gi—
cal class used to generate the concepts g4, §4", 54" & o

(8) the subfamilies of the family 3: and relationships
of the class R" are used to construct the class of charac-
ters £

The existence of a certain neutral mapping o, e and
an empty construction f; €®, produce the theorem.

The theorem.

The consequence. The generation classes of ontological

objects make the following taxonomy valid:
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The above algorithmic scheme helps construct exten-
sions and models of the elements of subject ontologies —
in particular, complex procedures for generating the map-
pings 9" and operator constructions of the class ©". In ge-
neral, the methods of forming mappings and operators of the
classes 9" and D", as well as the class of concepts generated
by them, ensure the creation of models of objects of the &-th
level and m-th order of the subject ontology.

5. 2. Calculus of substantial and structural derivability

Calculus enables the formation of ontological objects by
hybrid methods of derivation, as well as the construction of
complex ontology objects based on various derivability pro-
cedures. The procedure for the derivability of the contents
of the concepts o of the generating class O} is given by
the rule:

o,: bo!= (€9, (X,9,1),¢:0,(X,9,1)) 5 ®)
where

b#b,, a,0,=a, a=clx, ce€,, xeX,
and

g=r,71|hhl, mzn|m=n;
are inducing mappings, and

b= (¢ (x,),6(x))); € Dg
are generic and specific entities constructed by some con-
necting relation or mapping vV, p;M; € 2°.

Structural derivability of the SO concepts o for the

class of objects 9 is determined by the relationship accor-
ding to the rule:

bmhjcfl = bmhi’
where
ii0,lp,m, €2, ©

There is an associated derivability of the meaningful
and structural mappings ¢!, o7, which sets the direction of
the associated derivability ---bo)o)c) - =y’, where h=c]s.
The associated derivability y° is controlled by internal per-
formers.

The statement. For meaningful and structural relations
of deducibility, the methods of level and ordinal expansion
are valid.

The proof is based on the rules:

(bby,....b,)8.0,=(b'9,.b'g,.....b"p, )5,
where b’/ =(b;,b;,....b, ),

rel.n, 8,=p,|nle, bo,=b'p, b, |blc), h=cls;

and
(b,,b,,....b,)5,65=(b8,¢,,68,9,,....b3,¢,),

b0, =bd;, 8,=p;[n;.

The associated deducibility y” is controlled by internal
executors if Vo, €0’, I(p, e R, & p, € £ &z;€Z°) and the
rule is fulfilled that:

(10)

4 4
(pwég)pk = ;ké?%

whereas

LB P 230 Py 20 P 20— 0
b p,‘,.iGh pr‘ZGh pmch Y-

In the derivability mapping of 9, o) (10), the feature p,,
is used on the basis of the linking subordination relation
peR,, which shows that a display mapping is applied to the
mapping o .

3. 3. Advanced and multi-level methods for derivability
in the CSM

The formation of a class of ontological objects of the first
order O in the CSM is performed by maps and operators of
extended classes 2)°,9°, as well as compositions on the class
of objects O. Therefore, derivability on the class 9%, is per-
formed with the help of extended mappings of the derivabi-
lity 6' € 0°, of features of the classes £° or £ by performers
of the class Z,.

The method of extending the derivability mapping for the
ontological objects b; OFis determined by the rules:

(bybyn....b,)8,0,=(b'9,.b0,....0¢, )3, (12)
where

bjz(bjl,bjz,...,bj’ ), rel.n, §,=p,|n e,

bo,=b'p,|b'n, |b'c), h=cls;

(by,b,,....b,)8,05=(b3,9,,5,¢,,....b3,9,),

bd,0, =55, (13)
where Sifzpijmﬁ, b=(b,,b,,...,b,); both simple and com-

plex derivability is possible: (6}, 6,,), (5, 65)0, (05, G, )0,
(o}, (52,92)(]), (o}, 05, 04)0 and so on, where ¢e®’|D'; the
units of the mapping extensions are the units of the corre-
sponding classes R°,D°,2°.

5. 4. Implementation of procedures for the expansion
of automated systems

Let us give an example of the task of creating a new
application for the ACS FT UZ-U using CSM tools, which
provides the numbering and control of the use of wheel pairs
(NCWP). The NUWP application performs the functions of
generating, monitoring, and displaying such data: filed data
for each wheel pair (WP) at all stages of operation, WPs of
wagons and depots. To implement the NCWP, it is necessary
to create new systems for reporting data as well as informa-
tional messages in the ACS FT UZ-U. For example, let us
attribute this information to a new task of «Managing repairs



and maintenance of freight wagons». The new application is
created according to the rules in [9]:

1. Determine the place (category) of the NCWP applica-
tion in the ACS FT UZ and its functional tasks.

2. Form a new object (objects) of the Logical Database.

3. Define operations with the object of the logical data-
base that reflect the implementation of functional tasks.

4. Create a new object (objects) of the Physical Data-
base, intended for building information models related to
the NCWP.

For the NCWP, it is also necessary to develop (or modify)
documents for some supporting systems. The conventional
tasks for creating a new application for the ACS FT UZ are
presented in Fig. 2.

The specified procedures to expand the automated con-
trol system of freight transportation by Ukrzaliznytsia are
implemented in the OCSM as follows. Using the actions of
the comparison relationship class R c R’ X, models of
the characteristics of wheel pairs are created (WP — wag-
on, WP — operation, WP — repair, and other relations). As
a result, we obtain the acquired knowledge of the specific
concept of the WP. If C; is a specific instance of the WP class
¢,cM,, and its generic copies (internal properties: type,
manufacturer, and WP parameters) x; € X, cM,, then the
wheel concept (WC) is represented as c¢;(x,,%,,-+,x,) = a,.
The WC has certain indicators and values of the correspond-
ing classes J, and &, J,,tcM,. The set of these values
forms a set of WC attributes. For the formation of the exter-
nal characteristics of a WP, the comparison actions v, € R!
of the class R are used along with the actions of the class of
subordination relations RY, c R° [7].

In the OCSM, the construction of the model of a simple
object of the ACS FT UZ-U is performed using mappings of
the compound class 2°. Complex units are created by actions
over simple or complex entities. In the class of WP entities,
the mapping is defined for the connection 1, € A°, for which
Vb,b; e M’ is determined by the connecting rule:

(b,b,m, =(b,,,), =bn,b,.
Here, the mapping:
M = Py Prar s Ppy)
has the property of inverse morphism,

and the binding of conceptual entities
can be either linier:

interface that provides valid methods of action. Let us
use b;; to designate those WP entities that are connected
by the relations of subordination pjeﬁig. In them, the
index j=1 correlates with the LDB — wagons, j=2 — WD,
j=3 — dispatch, etc. Let K; be filed information containing
the WP passport {e;'}=E" and the dislocation informa-
tion Dj;, characterizing states and relations with other
LBD objects {e2}=E”. A number of operation entities
{o,}= 09 are introduced further: train reception /=1, write-
off /=2 from the balance g=1; reception /=3, submission
[=4 to the site of the node g=2; placement /=5, removal
[=6 from the wagon ¢=3. Operations without alternatives
[=0 have the values of «transfer» at g=4 and receipt g=>5.
The Is (14) interface indicates possible interaction options
for the objects entered.

To set the description of the interface of conditions Is
in the created fragment of the ACS FT UZ, it is necessary
to use the OCSM taxonomy <EKi UEP LO% UD,QIO>, with
the DcM class of various characters of separators, opera-

tions, etc.:
D (14)

Expression (14) represents paths P of constructing
a knowledge model consisting of P; as separate allowable
fragments of the paths P.

The actions of deleting/adding objects of the ACS FT
UZ-U will be performed by breaking certain connections and
then entering/deleting the required object. Another method
of deleting/adding objects is based on the inclusion of a sub-
model of the formation of new objects in the OCSM carrier.
For this purpose, the required actions on the submodels are
entered into the main OCSM model.

The mentioned procedures of the OCSM fully implement
all the needs of the ontological modeling to expand the ACS
FT UZ-U system, and they also supplement the correspon-
ding knowledge models, since the nodes of the upper levels
receive new attributes. New objects of the physical database
are created by standard means of the ACS FT UZ-U.

IS_[ o v[(E’“kp,q)<pk2<E”"<p,Q)v
T s it

V(0,4,0, )(Pk4 V(03,04 )(Pk5 "

Creating a new application in the
ACS FT UZ

Creating a new LDB object
New document . 1202.xx.0.18.01.0.xxx “ The object

Existing LDB objects

is a wheel pair. Attributes and functions”

(b1vb2nbn)nk =
=b9,,0,,0,9,,05,+,b, 9,,1b,

Wheel pair

Railway

Field
information

or not. To obtain complexly connected
constructions of the entities €,, COmpo-
sitions of maps are used and, with the
help of external performers, the relation-
ships @, acquire an attribute meaning.
Many objects {e,}, form a new class E,
of the WP entities.

Creating a new application and a
logical database object (LDB) in the

Passprt of
the wheel
pair

Dislocation
information
Condition
and relations
to others
LDB objects

List of operations

~acceptance to /
delisting off the
balance;

~acceptance /
submission to the
node site;

«installation on /
removing from
the wagon;

«forwarding;
ereceiving.

Dispatch

OCSM is conditionally shown in the
example of Fig. 2. For a new object, it is
also necessary to define an interaction

Fig. 2. The procedures for creating a new application and a logical database

object of the automated system



6. Discussion of the results of developing and researching
the ontological support of the constructive-synthesizing
modeling

The practice of creating, implementing and maintaining
modern integrated production information technologies, as
well as the corresponding means of ontological support, shows
the priority of ensuring the expansion and development
processes of the ontological system (OS). This is due to the
numerous stages of development, the long period of opera-
tion, numerous and heterogeneous categories of IS users. The
implementation of the goals and objectives of the research was
possible due to the use of methodological principles and me-
thods for creating the ontological support of the CSM. They
are based on a universal and customizable model for subject
areas of the ontological constructive structure developed
in [7]. The CSM tools, which are uniformly used in the cre-
ation of various information systems, were modified in the
present study to represent the processes of expansion and de-
velopment of the areas of applied ontologies, here — the domain
of the ACS of the RT. Ontological support is also required by
many other RTACS, for example, railway stations [26].

The presented study is specific in developing such OCSM
methods that take into account the features and properties
of ontological support tools for modeling the processes of
expanding and developing AOs. The extensible model of the
OCSM was supplemented with methods for constructing on-
tological entities and derivability procedures corresponding
to the properties of the developed system of concepts, cha-
racterizing the individual components of the ACS that form
a network or recursive structure. Moreover, the proposed
OCSM tools provide opportunities for creating special sys-
tem-wide methods and procedures for maintaining the IT of
automated process control systems to ensure reconstruction
of properties or relationships when introducing new objects
into an AO. The presented example has shown the adequacy
of the developed OCSM tools for the implementation of the
existing procedures for expanding complex railway automa-
ted control systems.

The processes of developing information technologies
and systems are diverse; they differ in formalization struc-
tures and have specific features at various stages of the life
cycle. Above is the implementation of the procedures for the
development of subject ontologies within the framework of
the methodology of the CSM, based on the modification of
a single ontological constructive structure as well as de-
rivability procedures. At the same time, the study did not
consider boundary possibilities, the «horizon» of new AO
objects, and the form of the procedures to interpret the resul-
ting structures of objects. Besides, it still remains necessary

to research the questions of completeness of axiomatics and
effectiveness of derivability procedures. The work mentions
but does not specify the models and procedures to implement
the tasks of ensuring the functioning of the OCSM (finding
solutions, checking identities, and verifying equivalence
of ontological objects). These restrictions show the future
directions of research and development to improve the me-
thodology of the CSM, as well as the formation of ontological
tools for the OCSM to display the development processes of
complex information systems.

7. Conclusion

1. The methodology of constructive-synthesizing mo-
deling has been developed as methods and formal ontological
support procedures, taking into account the properties and
requirements of creating complex developing information
systems. The properties of expanding and developing subject
ontologies are provided by modifying the model of a unified
and universal ontological constructive structure as well as
derivability procedures. In contrast to the well-known, con-
structive calculus of the generating class of mappings and
methods for constructing higher-order ontological objects
were constructed to model the processes of conceptualization
of developing objects.

2. Methods of inference have been developed in the con-
structive structure of the OCSM, which differ in the proce-
dures of meaningful, structural and related deducibility, as
well as in the developed advanced and multi-level methods
for the formulation of CSM objects. On their basis, ontolo-
gical support of CSM processes is provided in the context of
expansion and development of the subject areas of informa-
tion systems, as well as the evolution of the OCSM.

3. OCSM tools have been formed to provide support for
the development of applied ontologies. By the example of
the unified automated system for managing freight traffic
by Ukrzaliznytsia (ACS FT UZ-U), sufficient possibilities
have been shown for applying the proposed methods for the
implementation of the established procedures to expand the
existing automated control system of railway transport.
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