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Abstract—This article is devoted to the tasks of
automating the construction of domain ontologies. In the
beginning, the limitations and problems of constructing
the ontology of the domain using the well-known methods
are discussed. Next, a model of the domain ontology is
proposed, which provides the ability to automatically
build the ontological hierarchy, including the automatic
synthesis of generalized concepts. Then, the article discusses
the method of building an ontology based on the proposed
model using machine learning, and discusses its capabilities
and limitations.
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I. INTRODUCTION

The concept of ontology came to information technology
from philosophy. In the information disciplines ontology
is currently understood as a formalized model of a
system of concepts covering a certain subject area. Such
model includes a formal representation of the content of
concepts and relationships between them. Ontologies
have practical application in various fields. Among
other things, ontologies are the means of documenting
a consistent point of view of specialists on the structure
and terminology of the subject area. Ontologies are
used as part of software tools that provide information
support for the design of complex technical systems.
Also, ontologies are used as teaching materials, clearly
demonstrating the system of connections between the
concepts of the domain, thus presenting it as a coherent
systemic whole [1].

Information systems developed on the basis of
ontologies have shown their effectiveness in practice
and interest in them is constantly growing. However,
the existing methods of ontology building require expert
knowledge in the studied domain, and the construction of
ontologies based on their use takes a significant amount of
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time, therefore, the actual task is to automate the process
of ontology building.

11. LiMITATIONS AND PROBLEMS OF THE METHODS FOR
AUTOMATED ONTOLOGY BUILDING

There are several areas in which research is being
conducted for creating means for building and maintenance
of domain ontologies automating.

The authors of [2] - [11] propose methods for
constructing ontologies based on automatic processing of
the content of web resources and natural language texts.
As a priority source of source data, the authors often
point out Wikipedia as a source with a high density of
meaningful information about the relationship between
the concepts of the subject area. These papers consider the
problem of statistical, syntactic and lexical text processing
in order to extract data used in the construction of
ontology. The task of a multi-level ontological hierarchy
construction automating in the scope of these works is not
being solved. The extraction of ontological information
is performed by identifying the semantic relations of the
terms of the subject domain based on the analysis of the
syntactic structure of sentences. According to the results
of statistical analysis, the most frequently used terms are
singled out as candidates for inclusion in the ontology.
The results of computer texts processing go through the
stage of verification, adjustment and additions by the
domain expert, after which they are used as an ontological
model of the subject domain. The main difficulty of the
practical use of the solutions considered in these works
is that the ambiguity and contextual dependencies of
natural language constructs limit the possibilities of their
computer processing and do not provide completeness
and correctness of extracting semantic information from
texts using formal methods.
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The works [12] - [18] analyze the possibility of using
the tools developed within the framework of the Formal
Concept Analysis (FCA) method for the automatic
construction of the domain ontology. As initial data for the
ontological analysis of the subject area, these works suggest
using a two-dimensional “object - attributes” table, which
is based on empirical data about the objects of the subject
area or with results of performing certain procedures that
reveal the attributes of the objects of the subject area,
including data extraction operations from text arrays.
Such “objects - attributes” table is transformed into the
formal context of the FCA method by combining objects
with homogeneous composition into classes. Based on
the analysis of the formal context matrix, algorithms that
implement the FCA method generate all possible formal
concepts. Formal concepts are connected by hierarchical
relations. Each concept in the hierarchy represents the
objects sharing some set of properties; and each sub-
concept in the hierarchy represents a subset of the objects
(as well as a superset of the properties) in the concepts
above it. The authors of the noted papers do not consider
the problem of assessing the semantic significance of
concepts included as a result of applying the FCA method
to the domain ontology. When constructing ontologies
intended for practical use, one should take into account
that the hierarchy of concepts synthesized on the basis
of the formal method will include formal concepts that
do not have semantic significance and correspond to any
repeated combinations of lower-level concept attributes.
Therefore, the methods considered in these works do not
allow synthesizing ontology directly suitable for use as
domain ontology in real-world applications.

In general, we can conclude that at present there is a
certain lack of technology and tools that provide automated
construction and maintenance of domain ontologies.
Further progress in this area requires the development of
new methods for the automated construction of domain
ontology and software tools that provide opportunities
for automating the construction and maintenance of
ontologies.

I11. Doman ONTOLOGY MODEL

As a possible solution to a part of the problems
discussed above, this paper proposes a domain ontology
model that provides the ability to effectively automate the
ontology construction process, and proposes a method for
automated ontology construction. The ontology model is
represented by a tuple (1).

Q=<CM,R> (1
where C={c, } - the set of concepts forming ontology, 1,/;
M = {M,} - the set of sets of concept attributes;

M, ={m, ,..,m, } - the set of attributes describing
the -th concept,

d - number of attributes describing the concept ;

RCECXC- the relationship of the direct inheritance of
concepts.
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The relationship R can be defined by a matrix with
dimension /x/. If the concept c, directly inherits from
concept ¢, i.e.(c,c, JER, then the matrix element r, =1,
otherwise, if (c,c, J)&R, then r,=0 . The relationship of
direct inheritance between two concepts means that there
are no intermediate concepts between them:

e e ((¢,¢) e R) =, (((,¢,) €eR) A ((¢y,¢,) €R)) (2

If two ontology concepts are in inheritance relation,
then the corresponding parent and child concepts in
the proposed model are related by a strict partial order
relation, denoted by ‘<’. This relationship is transitive:

©)

The proposed model differs from the traditional
ontology model by the presence of aunique correspondence
of a certain set of attributes to a certain ontology concept.
The concepts related by inheritance in the proposed model
always differ in the composition of their attributes. This
solution allows to formalize the operation of incorporating
a new concept into the ontological hierarchy. At the same
time, mentioned above properties of the model do not
create restrictions for the use of ontology based on this
model within information systems.

Ve Ve Ve (e, <e)n(c,<c,)=c <c,)

IV. METHOD OF BUILDING OF ONTOLOGY

The method of constructing an ontology based on the
model discussed above allows to automatically determine
the position of the inclusion of a new concept in the
ontological hierarchy and automatically generate new
generalized concepts caused by the addition of a new
concept to the ontology.

The proposed method provides the implementation
of an iterative ontology construction by successively
entering into the ontology model new concept models ¢,
represented by a set of attributes M, where M cM. For
newly introduced concepts, the place of the concept in the
ontological hierarchy is determined automatically.

If the set of attributes of a new concept is not a
superset of the set of attributes of any of the ontology
concepts, then the concept will occupy a position at the
level immediately following the root ontology concept ¢,
(Fig.1):

36 (g€ C)a(M; < m,)) 4)

Fig. 1. Adding a new top-level concept.
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In other cases, the new concept will have to inherit
from any other concepts present in the ontology and
inheriting from the concept c,. To automatically determine
the parent concepts, a sequential “top-down” traversal
of the graph representing the ontology concept links is
performed. In the process of traversing the graph, the
parent concept for the concept c_is determined based
on the following criterion: “The concept ¢_ will have the
parent ¢, for which a set of attributes M is a subset of the
set of attributes of the concept c_, and the set of attributes
of any of the child concepts of a concept ¢, is not a subset
of the set of attributes of the concept ¢ :

)

(M, € M)A3e,((r,y =DAM, = M) =7, =1

If 5) violated
3e,((ry =DAM, cM)ANM, M) then ¢,
considered as the next candidate for parent concepts for

is and

c, 1s
the concept ¢, and replaces c, in the condition check
operation (5). In this case, the search for the parent
concept for the concept ¢ in the general case is carried
out along several branches of the graph. If condition (5) is
fulfilled when traversing a branch of a graph, the search
for this branch is complete at the concept c, level, and
the concepts indicated in (5) as c, form a set of parent
concepts of the concept c_ . If the set of attributes of the
concept ¢, in the case of truth of condition (5) is a superset
of the set of attributes of the concept c_, then ¢, is a child
of the concept ¢_and is included in the corresponding set:

=0)) (6)

On the graph the concept c_is placed in the «gap»
between the concepts c, and ¢, (Fig. 2).
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Fig. 2. Adding a new concept with breaking the inheritance link.

If the condition specified for ¢, is not fulfilled, then
¢, becomes a neighbour concept for the ¢, being located
at the same level of the hierarchy of concepts and also
inheriting from ¢, (Fig. 3).
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Fig.3. Adding a new child concept without breaking the inheritance
relationship.

After determining the place of a new concept in
the ontological hierarchy, new generalized concepts of
higher levels can be automatically determined on the
basis of identifying sets of attributes that recur in various
concepts. The discovery of such sets of attributes that are
not indicated in the ontology by any concepts means the
appearance of new generalizations that can be included in
the ontology as new concepts. Fig. 4 shows the inclusion
of the concept c_in the ontology with the formation of

new generalizations ¢, and cg’.
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Fig.4. Inclusion of the concept in ontology with the formation of new
generalizations.

Automatically detected generalizations before being
included in the ontology should be evaluated by an expert
for their semantic significance. If the expert considers
the generic concept to be of no value, it is not included
in the ontology and automatically considered later as
ignored when performing the following inclusions of new
concepts in the ontology. Iterative construction of a list
of generalizations excluded from ontology implements
machine learning for automatic recognizing concepts that
are not of semantic significance.

When using the proposed method, the domain
ontology is formed in the process of successively adding
to the ontology models of concepts represented by a set
of attributes characterizing the concept. Based on the
formal criteria, an analysis of the composition of the new
concept is performed and the place of the new concept
in the ontological hierarchy is objectively determined.
When a new concept is included in ontology, its links with
parent and child concepts are automatically determined
and new generalized concepts are formed, which, after
evaluating their semantic significance, are either included
in the ontology or supplement the list of non-valuable
generalizations for the ontology. The method reveals
the position of the concept in the ontology, regardless of
the level that the concept should occupy in the general
hierarchy. The position of a new concept can be located
at the top level, at the bottom level, or at any of the
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intermediate levels of the ontology. The method can be
used to form the ontology from scratch, starting with
an empty ontology, and to expand an existing domain
ontology.

V. CONCLUSION

On the basis of the model and method proposed in
the work, ontology editors can be created that provide
automated support for ontological engineering operations.
The proposed method provides ontology machine learning
for automatic recognition of semantically insignificant
generalized concepts, which makes it possible to exclude
multiple manual processing of concepts that do not
have semantic significance in the process of ontology
construction. The method complements the traditional
construction of ontology “from top to down” with the
possibility of entering into the ontology of new concepts
“from below” based on the input into the system the
information about the attributive composition of the new
concept. The source of information about the structure
of the concepts of the lower levels can be empirical data
about the objects of the subject area, in particular, the
experimental data obtained as a result of measurements
and studies of objects of the subject area. The method is
limited in application in relation to top-level ontologies
and humanitarian ontologies, where the non-formalized
interpretation of concepts is mainly used.
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