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Abstract

The paper presents the construction of conceptual and formal models of ontology in the subject area "Modeling and
processing of cyclic signals based on the theory of cyclic functional relations". There is implemented the ontology of
mathematical modelling of cyclic signals, namely, the ontology of cyclic functional relations in the OWL DL language in

Protégé.

The proposed ontology has allowed to present the theory of cyclic functional relations in machine-interpretive form, which
allows to serve as a basis for the development of onto-oriented information systems for modeling, generation, processing

(analysis, forecasting, decision making) of cyclic signals.
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Cyclicity takes an important place in the processes
and phenomena of reality. In particular, the processes of
energy consumption  (electricity, oil and gas
consumption), relief formation on the surface of
materials, the development of the economy of
enterprises and industries, homeostasis of biological
systems, etc. are of a cyclical nature [1-9].

Today the problem of energy resources efficient
use is urgent. In particular, this concerns the
consumption of natural gas by the population. In
addition to ensuring economical consumption, it is
important to efficiently supply and distribute natural gas
by gas supply companies. This, in turn, requires the use
of new or modernization of old hardware and software
systems (information systems) through the use of
effective software in decision-making systems. The use
of new software is possible provided that new
approaches are used to build mathematical models.
Therefore, an important stage in the development and
simulation of cyclic signals is the creation of
information systems based on the corresponding
mathematical models of these signals. Such models
should adequately reflect the aspects of their spatio-
temporal structure that are important from the point of
view of research tasks. The quality (adequacy,
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constructiveness) of mathematical models of cyclic
signals significantly determines the accuracy and
reliability of methods for their processing and imitation
in the information system, predetermines the level of
information content and representativeness of diagnostic
(authentication, prognostic) features, which are
characteristics (parameters) of the mathematical model,
affects the reliability of the adopted solutions and, to a
certain extent, determines the structure of the software
and hardware components of the projected information
system.

Many scientific works [1-22] are devoted to the
development of mathematical models, methods of
computer modeling and processing of signals of a cyclic
structure, as well as the creation on their basis of
appropriate  information  systems  for  analysis,
forecasting, classification, clustering, regression,
forecasting, imitation (generation) of cyclic signals.
There are many mathematical models of cyclic signals
developed within the framework of both deterministic
and stochastic approaches to their description. Among
the deterministic models, the most famous are harmonic
and quasi-harmonic functions, periodic and almost
periodic polyharmonic functions that describe the
temporal structure of cyclic signals, as well as models in
the form of a number of linear and nonlinear differential
equations or their difference analogs that describe the
mechanisms of formation (generation) of such signals.
Among the stochastic mathematical models of cyclic
signals, periodically correlated and periodically
distributed random processes, periodic white noises
(processes with independent periodic values), linear
periodic random processes and fields, periodic Markov
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random processes, almost periodic, and in particular,
polyperiodic random processes have already become
classical.

The theory of modeling and processing of cyclic
signals  received significant development and
systematization within the framework of the theory of
cyclic  functional relations, which substantially
generalized the known mathematical models of signals
and processes of cyclic structure [1-9]. The theory of
cyclic functional relations contains all the necessary
prerequisites for creating a unified methodology for the
development of new, substantiation, structural and
parametric identification of mathematical and computer
models, methods of transformation, analysis and
forecasting of cyclic signals in modern intellectualized
information  systems  within the framework of
deterministic, stochastic, fuzzy and interval approaches.

On the basis of this approach, there have been built
new mathematical models, processing methods
(statistical estimation, spectral analysis, discretization)
and computer simulation methods of cyclic signals of
biological, economic and technical origin. On the basis
of these mathematical models and methods for
processing cyclic signals, a number of software systems
have been created for analyzing and predicting cyclic
signals (processes) in the field of medical cardiology,
econometrics and non-destructive testing of materials
[3-9].

Such a wide variety of mathematical models,
methods of processing and computer simulation of
cyclic signals, as well as software that automate these
methods, on the one hand, provides significant
opportunities for the development of effective
information systems for diagnostics, forecasting and
assessment of systems state based on cyclic signals
generated by them, and on the other hand, it
significantly complicates the choice of mathematical
support (models, methods and algorithms) and software
for the developer of such systems, which underlie the
functioning of such a class of information systems. This
situation is further complicated by the fact that often
there is no direct specialist in the field of mathematical
modeling and processing of cyclic signals in the team of
developers, and also by the fact that software
development often needs to be done from scratch.

Considering the above, it is relevant to develop an
intellectualized (in particular, onto-oriented)
information environment for inductive and deductive
modeling (mathematical and computer) and processing
(analysis,  forecasting,  recognition,  diagnostics,
authentication) of cyclic signals (phenomena, processes)
in conditions of interval, stochastic and fuzzy
uncertainty with guaranteed accuracy and reliability,
minimum complexity (structural and computational)
and interpretation.

Ontology allows us to formalize knowledge and
automate inference (proof) procedures, which are
contained in the theory of modeling and processing of
cyclic signals.

Representation of the theory of cyclic functional
relations in  machine-interpreted form using the
ontological approach as the basis for the development of

onto-oriented information systems for modeling,
generation, processing (analysis, forecasting, decision-
making) of cyclic signals is an important and urgent
task.

The ontological approach is well coordinated with
the axiomatic-deductive strategy of organizing
modeling and processing of cyclic signals, which
significantly increases the level of its structuring, rigor
and formalization, facilitates the identification of new
directions and regions for the development of the theory
of cyclic functional relations (new models, methods,
means, full disclosure-actualization potential of this
theory).

Generalized requirements for ontology

It is advisable to start the development of the
ontology of the subject area "Modeling and processing
of cyclic signals based on the theory of cyclic functional
relations™ with the formulation (specification) of the
requirements for it, which allows us to explicitly
prescribe necessary properties (characteristics) that
determine the quality of the corresponding ontology,
and to set clear guidelines at all stages of its creation.
Primary requirements:

the structure of the ontology must be consistent
with the axiomatic-deductive strategy of organizing the
theory of cyclic functional relations as a theory of
models of cyclic signals;

ontology should serve as the basis for an integrated
information ontoorientated environment for modeling,
processing and computer simulation (generation) of
cyclic signals. That is, the structure of ontology should
determine the architectures of each information system
that are part of this information environment: the
architecture of the information reference system is
determined by the structure and content components of
the ontology, the Expert Decision Support System in the
field of modeling and processing of cyclic signals as the
core of its knowledge base uses the ontology, as well as
the structure of the information system for modeling and
processing of cyclic signals is determined by this
ontology (it has the onto-oriented architecture);

ontology should contain the following four general
objects:

1) a glossary (models, methods, algorithms,
programs and results of application in applied research);

2) a system of five interrelated taxonomies
(mathematical models; tasks; methods (computer
simulation of cyclic signals, processing of cyclic signals
(analysis, forecasting, transformations, classification,
clustering, regression, discretization, etc.)); programs
and application results;

3) slots that contain vectors of attributes for each
class of cyclic functional relations (these attributes
should characterize the corresponding class of cyclic
functional relations in terms of features and the
possibilities of its use as a model of cyclic signals,
taking into account the capabilities of the corresponding
methods);

4) a set of expert descriptions of each class of
cyclic functional relations from the point of view of the
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characteristic conditions of applicability of this class as
a model of cyclic signals.

The presence of a set of expert descriptions of each
class of cyclic functional relations in the ontology from
the point of view of characteristic conditions of
applicability of this class as a model of cyclic signals
allows the expert decision support system, in addition to
recommending a certain class of cyclic functional
relations as a model of the signals under study, to
provide the wuser with a justification for this
recommendation. Such descriptions are formed on the
basis of a survey of several highly qualified experts in
the field of mathematical modeling and methods of
cyclic signals processing.

Ontology-driven conceptual modeling

The semantic space S of modeling, processing and
computer simulation of cyclic signals within the
framework of the theory of cyclic functional relations
will be an ordered and consistent with logical and
semantic priority set of five meaningful subspaces,
namely: 1) the meaningful subspace S; of mathematical
models of cyclic signals (meaningful space of cyclic
functional relations); 2) meaningful subspace S, of
typical tasks of processing and computer modeling
(generation, imitation, simulation) of cyclic signals
corresponding to specific classes of cyclic functional
relations as their mathematical models; 3) meaningful
subspace S; of methods (algorithms) of processing
(transformation, analysis (assessment of cyclicity and
rhythm attributes), clustering, classification, forecasting,
regression) and computer modeling (generation,
imitation, simulation) of cyclic signals corresponding to
specific classes of cyclic functional relationships as
their mathematical models; 4) substantial subspace S,
of (software, software and hardware, hardware) means
of processing and computer simulation (generation) of
cyclic signals; meaningful subspace S of corresponding
mathematical and software application results (software
and hardware, hardware) for solving specific scientific
and applied problems in the field of medicine,
technology and economics.

According to the axiomatic-deductive strategy of
organizing the theory of cyclic functional relations, the
logical and semantic core of the meaningful (semantic)
space S of this theory should contain two of its
fundamental components — the terminological and
conceptual apparatus and the system of statements,
which in turn are divided into two large groups: an
axiomatic group of knowledge (concepts, statements)
and an output group of knowledge (concepts,
statements). In addition to these components, depending
on the level of universality (abstractness) of structural
units (concepts and statements) of the theory content
space, in the logical and semantic core of modeling,
processing and computer simulation of cyclic signals
within the framework of the theory of cyclic functional
relations, there are distinguished a metadisciplinary
logical and semantic core, the abstract logical and
semantic core and a set of partial logical and semantic
areas of the content space of the theory.

Formal ontology models

Given to the allocation in the subject area
"Modeling and processing of cyclic signals based on the
theory of cyclic functional relations” of its five subareas
(content subspaces), it is fair to develop five
subontologies of this subject area. In particular, the O
ontology of the subject area, which specifies (submits in
machine-interpreted form) the semantic space S of this
subject area, will contain its five subontologies, namely:

1) the 0, ontology of mathematical modeling
(mathematical structures) of cyclic signals, which, in
fact, is an ontology of cyclic functional relations
classes;

2) the 0, ontology (specifies the meaningful
subspace S,) of typical tasks of processing and
computer modeling (generation, imitation, simulation)
of cyclic signals corresponding to specific classes of
cyclic functional relations as their mathematical models;

3) the 05 ontology (specifies the content subspace
S;) of methods (algorithms) of processing
(transformation, analysis (assessment of cyclicity and
rhythm attributes), clustering, classification, forecasting,
regression) and computer modeling (generation,
imitation, simulation) of cyclic signals that correspond
to specific classes of cyclic functional relations as their
mathematical models;

4) the 0, ontology (specifies the content subspace
S,) of processing and computer modeling (generation)
means (software, firmware, hardware) of cyclic signals;

5) the O ontology (specifies the content subspace
S:) of results for applying the appropriate mathematical
support and software (software and hardware, hardware)
to solve specific scientific and applied problems in the
field of medicine, technology and economics (Figure 1).

The ontology of mathematical modeling of cyclic
signals has the highest priority (1); the ontology of
typical tasks for processing and computer simulation of
cyclic signals — the second most important priority (2);
the ontology of methods for processing and computer
simulation of cyclic signals — the third most important
priority (3); the ontology of (software, hardware-
software, hardware) means for development and
computer simulation of cyclic signals — the fourth
priority by value (4); the ontology of results for
applying models, methods and means of processing and
computer simulation of cyclic signals is the fifth priority
by value (5). Taking into account the priority of
ontology components makes it possible to structure
models, typical tasks, methods and tools, as well as the
results of their application in practice. The ordering type
of ontologies is determined by the ordering type of the
symbol indices that denote them. That is, the 0,
ontology of models has the highest (1) priority, and the
0 ontology has the lowest (5) priority of application
results.

Each of these five interrelated ontologies can be
formally represented as such triplets

0; ={A;, R, F}, i=15, 1)

where A; is a finite set of concepts (terms) that define
the lexical stock of the O; ontology; R; is a finite set of
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Figure 1 — Conditional representation of structural components of the 0 ontology of the subject area
""Modeling and processing of cyclic signals based on the theory of cyclic functional relations"

relations between concepts, which reflect the
relationship between concepts and the properties of
concepts (attributes and restrictions on them) within the
0; ontology; F; is a finite set of interpretation functions
defined on concepts and/or relations of the O; ontology.

Each set of R; must include relations of genus-
specific subordination (denoted by the abbreviation
AKO - "A Kind Of" or the term "SubsetOf"), which
connects a set (class) and a subset (subclass), specifying
taxonomies between these classes (concepts), that is, it
allows us to organize the hierarchical structure of the
0; ontology concepts in the form of a tree (a hierarchy
of concepts).

In addition to the taxonomic relation, the
0; ontologies also use the membership relation (denoted
by the abbreviation I1S-A or the terms "MemberOf",
"InstanceOf"), which associates an element of the
corresponding set with this set (concept) itself.

Each F; set is a singleton set, the only element of
which is the fi(xy,x,,...,x,) interpretation function
with  A;;  (x4,%5,...,x, €A;;) domain and
A3 (Y1, Y2, Yn € Ay;), range, thatis, F; = {f;(")}

For the O; ontology, the following statement holds:

vx; € Ay, 30 Yair- - Vi € Azi),
xi = fir1o Yair- - Yni)- (2

That is, the set of A; concepts of the subject area is
divided into two subsets: A;; (the set of terms that are
interpreted and denoted) and A,; (the set of
interpretation terms), (A; = 4;; U4y, A1; N Ay = 0).
Note that the absence of common elements in A,; and
A,; sets, which is given by the A;;NA, =0)
expression, excludes cyclical interpretations of the
terms.

The interconnected concepts from A;; and A,;
sets through the interpretation function f;(x;, x5,..., %,)
formalize the entry in the glossary, which is the
definition of the corresponding term (concept).

Ontologies of cyclic functional relationships

Let us consider in more detail the formal model of
only the first 04 ontology.

The first 0, ontology — the ontology of cyclic
signals models (an ontology of cyclic functional
relations) — is set at the formal level by a relational
system as follows:

0, ={A, fBl U,
Rl = {AKO, IS — A'P = (pl! P2, Pn )}' (3)
F, = ()}

where A; is a finite set of terms (concepts), which
specifies the lexical stock of the O, ontology; B, is a
finite set (of names) of cyclic functional relations
classes; €, is a finite set of 4-element vectors, each
element of which is a term, entering into their values
from the corresponding sets Xy, X4, X7(¢n), Xw and is
the domain of the P (x4, x,, x3, x,) predicate.

The set Xy is the set of predetermined classes
(types) of linear spaces W, in which the corresponding
cyclic functional relations acquire their values; the set
X, is a set of predetermined classes (types) of possible
attributes p: ¥ —>A or sets of attributes
{pr:¥™ - Ay, k=1,K}, in which the cyclical
structure of a functional relationship is postulated
(displayed); the set Xt ) is a set of predetermined

classes (types) of functions of the rhythm T (¢, n) of the
cyclic functional relationship, and the set Xy, is a set of
predetermined types of domains W for determining the
cyclic functional relationship. The identically true
4-digit predicate P (x4, x5, x3, x,) is a statement function
that is defined on the Xy, X4 Xren), Xw
(x1 € Xy, x5 € X4,x3 € X7(¢0),Xs € Xpy) sets, and it
takes its values from the Def., set of all possible
definitions of specific subclasses of cyclic functional
relations.
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F, is a one-element set, which contains an
interpretation function f; (x4, x5, x3, x4), the domain of
which is the set €,, and the range of values is the set B;.
The interpretation function f; (xq, x5, x3, x,) is identical
to the 4-digit predicate P(x,,x,,x3,%,) and, in fact, it
defines the definition of the corresponding classes of
cyclic functional relations with B, for specific
X1 € Xy, X, € Xg,X3 € Xp(p ), X4 € Xy Sets, forming a
glossary of the O; ontology — the Set_of _Def s set of
all definitions of cyclic functional relations. R; is a
finite set of {AKO,IS—A,P = (py,pz - Pn)}
relations, namely:

1) the relation of generic-species AKO
subordination, which connects a set (class) and a subset
(subclass) of cyclic functional relations, specifying the
Tax_of _Cf taxonomy (hierarchy) between these
classes in the form of a taxonomic tree;

2) the IS-A relation, which associates a specific
cyclic functional relation (a specific model of cyclic
signals) with their corresponding class (a class of
mathematical models of cyclic signals);

3) P is a P=(py,ps...pn) Vector of
(p1, P2, --,Pn ) Unary relations, which define the
properties (signs, attributes) of the corresponding class
of cyclic functional relations. The domain of p; unary
relation is the set of A;, models, and the domain of
values is P; set of corresponding property values.

The first, the most priority property in the vector of
properties of cyclic functional relations classes concerns
the type of ambiguity of the cyclic signal values. In
particular, this p; property can take values from
{d,s, f,i} set, and the i; number can take values from
one to four. One i, =1,p; =d) encodes a
deterministic approach to describing the values of cyclic
signals, two (i; =2,p; =s) encodes a stochastic
approach to describing the values of cyclic signals, three
(i, = 3,p1 = f) encodes a fuzzy approach to describing
the values of cyclic signals, and four (i; = 4,p, =)
encodes an interval approach to describing the values of
cyclic signals.

The second p, priority property (encoded by the i,
variable) indicates such a property of the class of cyclic
functional relations as the type of the cyclic signal
value. In particular, this p, property can take values
from {real, complex, vectoryqq;, VECtOTeomplex,
MatriXyeq, MAtriXcompiexs LENSOTyeqy, tensorwmmex}
set, and i, number can take values from 1 to 12. One
(i, = 1,p, = real) encodes cyclic signals, the values of
which are real numbers; two (i, = 2,p; = complex)
encodes cyclic signals, the values of which are complex
numbers; triplet (i, = 3,p, = vector_real) encodes
cyclic signals, the values of which are vectors of real
numbers; four (i, = 4,p, = vector_complex)
encodes cyclic signals, the values of which are vectors
of complex numbers; five (i, = 5, p, = matrix_real,)
encodes cyclic signals, the values of which are matrices
of real numbers; six (i, = 6,p, = matrix_complex)
encodes cyclic signals, the values of which are matrices
of complex numbers; seven (i, =7,p, = tensor)
encodes cyclic signals, the values of which are tensor.

The third p5 priority property (encoded by the i;
variable) indicates the type of the cyclic attribute of this
class of cyclic functional relations. Since, as shown
above, the type of the cyclic attribute depends
significantly on the type of the value of the cyclic
function. That is, for different ranges of values of cyclic
functional relations, there may be different attributes of
their cyclicity. As a rule, i; = 1, when the function's
cyclicity attribute is its value. For other cyclical
attributes, i; obtains a value of 2 or more.

The fourth p, priority property (encoded by the i,
variable) indicates the type of ambiguity in the
description of the elements of the cyclic function
domain. As in the case of p, property, p, property can
take values from the {d,s,f,i} set, and i, can take
values from one to four. One (i, = 1,p, = d) encodes
a deterministic approach to describing the elements of
the cyclic signal definition domain; two (i, = 2,p, = 5)
encodes a stochastic approach to describing elements of
the domain of cyclic signals; three (i, =3,p, =f)
encodes the fuzzy approach to describing the elements
of the domain of cyclic signals, and four (i, = 4,p, = i)
encodes the interval approach to the description of the
elements of cyclic signals domain.

The fifth priority property ps (encoded by ig
variable) indicates the dimension of the domain of the
cyclic function, namely, whether the cyclic function is a
function of one or many (several) arguments (a cyclic
field).

The sixth priority property p, (encoded by the i
variable) indicates the type of power (continuous or
discrete) of the cyclic function domain, namely, whether
the cyclic function is a function of real arguments or a
function of discrete arguments.

The seventh priority property p, (encoded by the
i, variable) indicates the type of rhythm (constant or
variable) of the cyclic function, namely, whether the
cyclic function is a cyclic function with a variable
rhythm or with a constant rhythm (periodic function).

The eighth priority property pg (encoded by the ig
variable) specifies the type of alternating rhythm of a
cyclic function, namely, a cyclic function with a
piecewise linear type of rhythm or with a piecewise
quadratic type of rhythm or a piecewise cubic type of
rhythm or with a periodic type of rhythm and etc. That
is, this property specifies the type of rhythm change of
the cyclic function.

In general, the number of properties n (that is, the
dimension of the vector P = (py, py, ..., Pn )), Characte-
rizing the class of cyclic functional relations can be
various for different classes. However, it is necessary to
adhere to the rule according to which all properties of
the superclass of cyclic functional relations, which are
components of its vector of properties, are included in
the vectors of properties of all its subclasses.

Given the fact that both to describe the values and
elements of the definitional domain (and, accordingly,
the rhythm functions) of cyclic functions, there are
applied four possible approaches to taking into account
uncertainty, namely, deterministic, stochastic, fuzzy and
interval; in general, 16 approaches can be distinguished
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Table 1 — Approaches to the mathematical description of the cyclic signals uncertainty

Approach | The name of the approach The name of the approach to The name of the
to describing the describing the uncertainty of the generalized approach to
uncertainty of the values of elements of the definitional describing the uncertainty
cyclic signals domain and the rhythm of cyclic of cyclic signals
signals
1 Deterministic Deterministic Deterministic
(pr=di;=1) (Pa=d, iy =1)
2 Deterministic Stochastic Deterministic and stochastic
(pr=4d,i;=1) (pa = 5,04 = 2)
3 Deterministic Fuzzy Deterministic and fuzzy
(pr=di;=1) (pa = f,is =3)
4 Deterministic Interval Deterministic and interval
(pr=d iy =1) (pa =10, =4)
5 Stochastic Deterministic Stochastic and deterministic
(p1 =51 =2) (pa=d, iy =1)
6 Stochastic Stochastic Stochastic
(pr=s5,i1 =2) (pa = 5,04 = 2)
7 Stochastic Fuzzy Stochastic and fuzzy
(pr =51 =2) (pa = f,is =3)
8 Stochastic Interval Stochastic and interval
(p1 =51 =2) (ps =10l =4)
9 Fuzzy Deterministic Fuzzy and deterministic
(pr=/fi1=23) (pa=d,iy=1)
10 Fuzzy Stochastic Fuzzy and stochastic
(pr=/i1=23) (ps = 5,04 = 2)
11 Fuzzy Fuzzy Fuzzy
(p1=f,1i =3) (ps=f,i4=3)
12 Fuzzy Interval Fuzzy and interval
(pr =/, i1 =3) (pa =104 =4)
13 Interval Deterministic Interval and deterministic
(pl = i, il = 4) (p4- = d! i4— = 1)
14 Interval Stochastic Interval and stochastic
(p1 =11 =4) (ps = 5,04 = 2)
15 Interval Fuzzy Interval and fuzzy
(p1=i,i1=4) (p4=f;i4=3)
16 Interval Interval Interval
(pr =100 =4) (Pa =10, =4)

to the mathematical description of the uncertainty of
cyclic functional relations. A summary of these 16
approaches is presented in Table 1.

There is a close logical and semantic relationship
between the ontology of O; models, ontology of O,
tasks, 05 ontology of methods, 0, ontology of means
and O; ontology of application results, graphically
displayed in Figure 2. In particular, at the formal level,
this relationship is set by the relationship between
concepts from different ontologies 04, 0,, 05, 0, and
O as well as the ordering of ontologies by priority.

Justification of the choice of language and
software

The conceptual model and logical-structural
(formal) models of the subject area "Modeling and
processing of cyclic signals based on the theory of

cyclic functional relations" developed above require a
reasonable choice of machine-implemented languages
and development environments for their representation
in  modern onto-oriented information  systems.
Considering the results of a comparative analysis of
ontology development tools [24, 25], it is fair to use the
OWL ontology description language and the Protégé
environment.

OWL (Web Ontology Language) is a standard in
the World Wide Web Consotrium and is currently the
most widely used ontology description language in the
world. There are three sublanguages of the OWL
language. The most acceptable language for solving
ontology development problems is OWL DL, which
makes it possible, on the one hand, to achieve the
maximum expressiveness of the descriptive logic
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Figure 2 — The scheme of interconnection of models, methods (algorithms), software (software and hardware)
and the results of their application to solve problems of modeling, processing and simulation
in specific subject areas in the fields of medicine, technology and economics

underlying it, and on the other hand, to ensure the
solvability of the inference system using it.

The OWL DL language is provided with
standardized language constructs for the adequate
expression of terms and concepts of the theory of cyclic
functional relations, their taxonomies and other
relationships, logical operations on model classes,
methods and tools for modeling and processing cyclic
signals.

Given the syntax of the OWL language, which is
inconvenient for human perception, when developing
the ontology, it is necessary to use the graphical tools of

14

specialized software systems for developing ontologies.
These software tools include a graphical editor and a
Reasoner, which enables both the automation of logical
inference based on knowledge in the ontology and
automatic validation of the developed ontology. As the
most popular ontology editor that supports OWL DL,
Protégé should be used. This graphics editor is a
freeware Java program that contains a large number of
plugins. In general, Protégé allows us to design, view,
edit, integrate, replenish and adapt ontologies for
various data formats (text, XML, RDf (s), OWL, etc.).
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As an example of the developed ontology, Figures
3 and 4 show screenshots of fragments of mathematical
modeling ontology of cyclic signals in Protégé based
environment.

Conclusions

There is substantiated the urgency of creating the
ontology of the subject area "Modeling and processing
of cyclic signals based on the theory of cyclic functional
relations”. Conceptual and formal models of this
ontology have been developed. A reasonable choice of
the OWL DL ontology description language and

ISSN 2311—1399. Journal of Hydrocarbon Power Engineering. 2021, Vol. 8, Issue 1

Protégé ontology development environment has been
made. There has been implemented the ontology of
mathematical models of cyclic signals, namely, the
ontology of cyclic functional relations in the OWL DL
language in Protégé environment.

The developed ontology makes it possible to
present the theory of cyclic functional relations in
machine-interpreted form and to be the basis for the
development of onto-oriented information systems for
modeling, generating, processing (analysis, forecasting,
decision-making) of cyclic signals. In addition, the
ontological approach is well consistent with the
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axiomatic-deductive strategy of organizing the theory of
modeling and processing of cyclic signals; this
significantly increases the level of its structurization,
rigor and formalization, facilitates the identification of
new directions and areas of development of the cyclic
functional relations theory.

Based on the results obtained in the work, in the
future it is appropriate to develop an expert onto-
oriented system for supporting model decision-making
in the field of cyclic signals modeling and processing
(processes, phenomena), an information reference
system and an information system with an onto-oriented
architecture for cyclic signals modeling and processing.
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YJIK 519.216
Mopeni, meTtoamn Ta 3aco6u oHTONOrii onpauoBaHHSA LMKNIYHUX CUrHaniB

ICcA. JIynenko, ‘9 B. Tumeunenxo, 2A M. 3o03yna, 'Huamene K. Yuzoéa, 20.B. Boaanux

1 . . . . . . . . . A
Teproninbcokuitl HayionansHull mexniunui ynieepcumem imeni leana Iynios;,
eyn. Pycvka, 56, m. Tepronine, 46000, Vrpaina

2 Incmumym menexomynixayil i enobanreHo2o ingpopmayitinoeo npocmopy Hayionanwrnoi akademii nayk Ykpainu;
Yoxkoniscokuil 6ynveap, 25, an. 13, m. Kuis, 03186, Vrpaina

3anpornoHOBaHO KOHIENTYalbHY Ta (POpManbHy MOJEN OHTONOTIi mpeameTHoi obxacti «MofemoBaHHS Ta
OTIpAIfOBAaHHA IMKJIIYHAX CHUTHANIB Ha 0a3i Teopii NUKIYHMX (YHKIIIOHANBFHUX BifHOMmEHB». PeamizoBaHO
OHTOJIOT{I0 MAaTEMATHIHHX MOJENeH IHKIIYHAX CUTHANIB, a caMe HUKIIYHUX (QYHKIIOHAJIHHUX BiTHOIICHH Ha
anropurmiuniii MoBi OWL DL B cepenoBuii Protégé.

Mopenb OHTONOTIT Ja€ 3MOTy MOAATH TEOPil0 HUKIIYHUX (YHKIIOHAJIbHUX BIIHOIIEHb Y MaIlMHHO-IHTEp-
MPETOBHIN (OpMi, SIKa € OCHOBOIO PO3POOJICHHS OHTOOPIEHTOBAHUX IH(POPMANIHHUX CHCTEM JUIi MOCIIOBAHHS,
reHepyBaHHs, 00pOOJICHHS (aHai3, IPOTHO3YBaHHs, IPUHHSTTS PILICHb) UKITYHUX CUTHAIIIB.

Kitro4oRi ciioBa: memoou onpayiosanHsi, MOOEO8AHH S, OHMONOIA, YUKIUHI CUSHAIIU.
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