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Abstract
The problems of the formation of applied conceptual systems based on ontologies
constructed automatically from the texts of the subject area documents are
considered. Algorithms of operations on ontologies using the thesaurus as a
general conceptual basis, unifying the terminology of the subject area, are proposed.
Experimentswith ontology collection obtained from the texts of design documentation
showed that the semantic similarity of the resulting concepts of the system can be
increased through the use of thesaurus links.
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1. Introduction

Currently, a great variety of conceptual systems has been created reflecting certain
aspects or levels of abstraction of the subject area. From the point of view of termi-
nology, conceptual systems can be very similar but at the same time describe different
sides of subject area. In this regard, it is important to solve the following tasks:

1. to find common in conceptual systems, to build a basis of concepts of the subject
area;

2. to build a common conceptual system through the union of particular;

3. from the general to go to the particular, that is, to find knowledge reflecting a
certain aspect of the subject area; and

4. to build the required level of abstraction.

Solving these problems (e.g., at the level of creating specialized operations) will
provide the user with a set of tools for moving from universal conceptual systems
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to highly specialized ones, for forming ontologies based on the results of information
retrieval, for analyzing subject areas, and so on.

As one of the sources for extracting and forming concepts and links between them
considering full-text documents of the subject area, for example, included in the docu-
mentary database. A separate document can represent ontology as a semantic search
pattern. Thus, the aforementioned tasks can be solved by defining the structure of the
ontology, the set of operations and the axioms of performing these operations within
a given structure.

Next is presented an approach to the formation of applied ontologies based on the
usage of union and intersection operations for ontological graphs constructed from the
subject area texts.

2. Methods of Describing Ontologies and
Operations on Them

An information description of a domain can be represented as a set of objects in this
domain and a set of relationships between objects. Objects and relationships can be
described by an array of characteristic properties.

In most ontology definitions, all (or some) of these sets are present, considered
that the graph is the most constructive structural representation of the ontology. In
this case, it is possible to talk about the application graph theoretical operations to
ontologies. In [3, 4, 6, 7], the operation of combining (merging) ontologies through
the union of graphs is considered, moreover, in [3, 7] said about the operation of
intersection.

However, representing an ontology in the form of a graph, where the concepts
of the subject area are vertices and the edges are relations between them so the
performance of graph operations will require the formulation of rules for comparing
vertices and edges.

It has been proposed in [1] to compare concepts at the level of coincidence of sign
descriptions. The conclusion about the similarity or difference of ontologies is made on
the basis of the results of the intersection of ontologies through the adjacency matrix.
This approach can be used only on the assumptions that the vocabulary of the natural
language is normalized, there is no synonymy and there is a single description for each
real object.

In fact, the problems of synonymy, homonymy and other features of natural lan-
guage require to consider not only lexicographic equality but also semantic proximity
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when comparing concepts. In [2–4, 6], for example, the semantic proximity is asso-
ciated with the calculation of common semantic features. Among the semantic fea-
tures, we also consider the characteristic properties of vertices and edges. In [4],
additionally, it has been proposed to describe semantics with the help of ameta-graph,
combining semantically close concepts and relations inmeta-vertices andmeta-edges,
respectively. [5] proposes to add an ontological graph with a directed tree that defines
hierarchical relations between concepts.

It should be noted that with all the expediency of representing ontologies in the
form of graphs for the approximation of operations on ontologies to graph theoretical
operations, there is important problem of defining criteria for the similarity of concepts.
This problem can be solved by introducing measures of semantic similarity describing
the context using additional linguistic support in the form of dictionaries, thesaurus
and taxonomies as well as combinations of these funds.

In this article, the algorithms for the formation of applied ontologies using graph
theoretical operations have been proposed.

The definition of ontology from [8] is accepted as a basis:

O = < S𝑓 , S𝑐 , S𝑡, ≡ >, where

1. S𝑓 is a functional system consisting of concepts and relations derived directly
from the texts of documents of the subject area;

2. S𝑐 is a conceptual system – the conceptual basis of the subject area, for example,
a thesaurus can act;

3. S𝑡 is terminological system that reflects the properties of natural language at the
level of terms related to equivalence or inclusion;

4. ≡ is the operation of comparing the elements of different systems at the sign
level, which provide their identity in the functional, system of concepts, and
terminological systems.

Using a common conceptual basis in the implementation of operations on ontologies
will increase the semantic coherence of the resulting conceptual system through the
hierarchical and associative links between thesaurus descriptors.
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3. The Operations of Union and Intersection on Ontologies

3.1. Structural representation of ontologies

According to [8], from the structural point of view, functional and conceptual levels of
ontology are represented in the form of labeled, directed, weighted multigraphs MG𝑓
= < V𝑓 , X𝑓 > and MG𝑐 = < V𝑐 , X𝑐 >.
In the context of the solution to the task – the formation of applied ontologies based

on operations on ontological graphs built on the subject domain texts, V𝑓 is a set of
concepts derived from texts; X𝑓 is a set of functional level links (relations) revealed
between concepts; V𝑐 is a set of descriptors of the thesaurus; X𝑐 is a set of thesaurus
links. Each link of the thesaurus (an arc in a graph) is set out by a triple: 𝑥𝑐𝑘 = (𝑣𝑐𝑖 , 𝑣𝑐𝑗 , 𝑤𝑐

𝑘),
where 𝑣𝑐𝑖 is the vertex of the curve’s start; 𝑣𝑐𝑗 is the vertex of the curve’s end, 𝑤𝑐

𝑘

is the weight of the curve (identifier of the relation). The set of curve’s weights of
the thesaurus graph W𝑐 = {RT,NT,BT}, where RT (Related Term) is a link to descriptor
association, BT (Broader Term) is a link to the upstream descriptor, NT (Narrower Term)
is a link to the downstream descriptor.

3.2. Semantic similarity matrix

In accordance with [8], operations are performed on ontologies, reduced to one con-
ceptual and terminological basis, that is, result of binary operations on ontologies
𝑂1 = ⟨𝑆

1
𝑓 , 𝑆𝑐 , 𝑆𝑡, ≡⟩ and 𝑂2 = ⟨𝑆

2
𝑓 , 𝑆𝑐 , 𝑆𝑡, ≡⟩, is an ontology 𝑂𝑜𝑝 = ⟨𝑆

1
𝑓𝑜𝑝𝑆2

𝑓 , 𝑆𝑐 , 𝑆𝑡, ≡⟩.
The use of the thesaurus as a general concept basis allows us to introduce and use

the measure of semantic similarity for the vertices of ontologies the descriptions of
which coincide with the descriptors of the thesaurus.

In [10], a measure of the semantic similarity of descriptors d1 and d2, considering
hierarchical and associative thesaurus links:

𝑆(𝑑1, 𝑑2) = 𝛼𝑆𝐻 (𝑑1, 𝑑2) + 𝛽𝑆𝐴(𝑑1, 𝑑2), where
S𝐻(d1, d2) and S𝐴(d1, d2) is the measures of semantic similarity of hierarchical and

associative thesaurus links relatively, α and β is coefficients that determine the link’s
weight (α + β = 1).

When calculating S𝐻(d1, d2), all ancestors of descriptors in the hierarchy are consid-
ered (considering multiple inheritance):

𝑆𝐻 (𝑑1, 𝑑2) =
|𝑈𝐶 (𝑑1, 𝐻𝑑1) ∩𝑈𝐶 (𝑑2, 𝐻𝑑2)|
|𝑈𝐶 (𝑑1, 𝐻𝑑1) ∪𝑈𝐶 (𝑑2, 𝐻𝑑2)|
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The set 𝑈𝐶(𝑑𝑖, 𝐻𝑑𝑖) contains a descriptor 𝑑𝑖, and all his ancestors in hierarchical web,
viz. – 𝐻𝑑𝑖 :

𝑈𝐶 (𝑑𝑖, 𝐻𝑑𝑖) = {𝑑𝑗 ∈ 𝐻𝑑𝑖| ∃𝑚 = (𝑑𝑖, 𝑥𝑖1 , 𝑥𝑖2 …,𝑥𝑖𝑘 , 𝑑𝑗) ∪ (𝑑𝑖 = 𝑑𝑗)} ,

where m is a route connecting 𝑑𝑖 and 𝑑𝑗 through higher-level descriptors 𝑥𝑖1 , 𝑥𝑖2 ,…, 𝑥𝑖𝑘 .
To calculate S𝐴(d1, d2) in [9], the concept of a ‘semantic double’ for an associative

descriptor is introduced in spite of an association tie has the symmetry property;
however, while the relationship type is not set strictly, the exact semantic profile of the
symmetry cannot be determined. To compile the set of semes, we should consider the
association tie as being single direction (outgoing) and compile the ‘semantic double’
of the descriptor.

𝑆𝐴 (𝑑1, 𝑑2) =
|𝑈𝐶 (𝑑1, 𝐴𝑑1) ∩ 𝑈𝐶 (𝑑2, 𝐴𝑑2)|
|𝑈𝐶 (𝑑1, 𝐴𝑑1) ∪ 𝑈𝐶 (𝑑2, 𝐴𝑑2)|

.

The set of semantic factors 𝑈𝐶(𝑑𝑖, 𝐴𝑑𝑖) for associative links is constructed as follows:

𝑈𝐶 (𝑑𝑖, 𝐴𝑑𝑖) = {𝑑𝑗 ∈ 𝐴𝑑𝑖| ∃𝑎 = (𝑑𝑖, 𝑑𝑗) ∪ 𝑑𝑗 ∪ (𝑑𝑖 = 𝑑𝑗)} ,

where a is the association tie linking 𝑑𝑖 and 𝑑𝑗 (𝑑𝑗 is the ‘semantic double’ of
descriptor 𝑑𝑗).
For the calculations in this article, the values of the coefficients of the additive

measure from [10] have been uses: α = 0.65, β = 0.35. In practice, such measure values
determine that a hierarchical relationship is two times preferable to an associative one.

When implementing operations on ontologies at the level of functional systems,
the measure of semantic similarity can be considered as some assessment of the
correspondence of the contexts of the use of concepts: if in one ontology, a concept
semantically close to the concept in another ontology is encountered, then it is possible
to talk about a possible common thematic context. However, it should be noted that
the use of measures of semantic similarity is always accompanied by the problem of
establishing its threshold value.

Consider the task of charting the semantic intersection of patterns 𝐷1 =

(𝑑11 , 𝑑12 ,… , 𝑑1𝑛) 𝑎𝑛𝑑 𝐷2 = (𝑑21 , 𝑑22 ,… , 𝑑2𝑚). For all pairs of descriptors in the thesaurus
(including the combined thesaurus), a semantic similarity matrix may be calculated
measuring 𝑛 × 𝑚:𝑊 = (𝑤𝑖𝑗), where 𝑤𝑖𝑗 = 𝑆(𝑎𝑖, 𝑏𝑗), 𝑖 = 1..𝑚, 𝑗 = 1..𝑛.
In this case, the sufficient value of the proposed semantic similaritymeasure in order

to include a pair of descriptors within the semantic intersection can be determined not
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by the set fixed threshold, but rather by using the local context defined by the descrip-
tors of each pattern, that is, the semantic intersection comprises those descriptors for
which the condition of coinciding maximums holds:

𝑚𝑎𝑥
𝑗=1,𝑛

(𝑤𝑖𝑗) = 𝑚𝑎𝑥
𝑖=1,𝑚

(𝑤𝑖𝑗) .

3.3. Algorithms of operations of union and
intersection for ontologies

Let the multigraphs A = <V𝑎, X𝑎> and B = <V𝑏, X𝑏> be functional systems of ontologies
O1 and O2, respectively and multigraph T = <V𝑡, X𝑡> be a general conceptual basis
(thesaurus).

Consider the algorithm of the operation of combining two ontologies O1 and O2.

1. The set of intersections of the vertices of the multigraphs A and B is calculated
on the basis of equality of sign descriptions: V𝑎∩V𝑏 = V𝑎𝑏.

2. Forms the sets (V𝑎\V𝑎𝑏)∩V𝑡 and (V𝑏\V𝑎𝑏)∩V𝑡. If at least one of the sets is empty, go
to step 6.

3. For thesaurus’s descriptors from sets (V𝑎\V𝑎𝑏)∩V𝑡 and (V𝑏\V𝑎𝑏)∩V𝑡, a matrix of
semantic proximity is calculated.

4. Formed pairs of descriptors for which the condition of coincidence of maxima is
fulfilled.

5. For the pairs of descriptors on step 4, routes are created in the multigraph T. A
set of descriptors of the thesaurus included in the constructed routes D𝑡⊂V𝑡 are
formed.

6. The set of vertices of the functional multigraph of the resultant ontology is the
union of the sets V𝑎\V𝑎𝑏, V𝑏\V𝑎𝑏, V𝑎𝑏and D𝑡. The set D𝑡 can be empty.

7. The set of arcs of the functional multigraph of the resulting ontology is con-
structed as a union of sets X𝑎, X𝑏 and routes from step 5 if the set of routes is
not empty.

The algorithm for the operation of the intersection of ontologies O1 and O2includes
the following steps:

First, the aforementioned Steps 1–5.
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6. The set of vertices of the functional multigraph of the resulting ontology is a union
of sets V𝑎𝑏 and D𝑡. The set D𝑡 can be empty.

7. The set of curve of the functional multigraph of the resulting ontology is con-
structed as the union of the sets Xa ∩ Xb and the routes of step 5 if the set of
routes is not empty.

The result of the operations of union and intersection is the multigraph of the func-
tional system and the thesaurus as a common conceptual basis.

4. Experimental Research

To implement operations on ontologies and conduct experimental research, a Java pro-
gramwas developed using the Neo4j graph database system. The choice of a graphical
DBMS is determined by the structural representation of ontologies and thesaurus in the
form of graphs. In addition, Neo4j offers built-in search functions for routes between
concepts so it greatly simplifies the implementation of algorithms; besides, there is
a web interface that allows to visualize graphs. Figure 1 shows the interface of the
program and the web interface of the Neo4j DBMS.

The experiment was carried out on ontology, built on the texts of design documents
of the domain ‘Atomic Energy’. As a general conceptual basis, the thesaurus INIS IAEA
is used.

Figure 2 shows a fragment of the result union operation combines the next ontolo-
gies: (1) ‘Layout of the main equipment’, (2) ‘Strength and seismic stability’, (3) ‘Intra-
corporeal devices’, (4) ‘Technical solutions for the modernization of the reactor plant’,
(5) ‘Sources of radiation’. At the functional level, the common nodes of several ontolo-
gies were united through the terms ‘FA (fuel assembly)’, ‘ICD (intracorporeal devices)’
and others.

Thematrix of semantic similarity in the third stage of ontologies unionwhen a fourth
is added to the union of the three ontologies is shown in Table 1. In accordance with
the condition of the coincidence of the maxima, the routes from the thesaurus for the
pairs of terms ‘fuels’ –‘fuel gas’, ‘safety’ – ‘reactor safety’.

A fragment of the thesaurus that illustrates the calculation of themeasure of seman-
tic similarity is shown in Figure 3. For the case of the descriptors ‘fuels’ and ‘fuel gas’,
the values S𝐻(d1, d2) and S𝐴(d1, d2) are calculated as follows:

|∪C (fuels,𝐻 fuels)| = 1 is a root top in the thesaurus
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Figure 1: User interface windows and web interface Neo4j.

|∪C (fuel gas, 𝐻 fuel gas)| = 6

|𝑈𝐶 (fuels, 𝐻
fuels

)∩𝑈𝐶 (fuel gas, 𝐻
fuel gas

)| = 1

|𝑈𝐶 (fuels, 𝐻
fuels

)∪𝑈𝐶 (fuel gas, 𝐻
fuel gas

)| = 6

𝑆𝐻 (fuels, fuel gas) =
1
6 = 0.167

|∪C (𝑓𝑢𝑒𝑙 𝑔𝑎𝑠,𝐴fuel gas)| = 10

|∪C (fuels,𝐴fuels)| = 15

|𝑈𝐶 (fuels,
fuels

)∩𝑈𝐶 (fuel gas,
fuel gas

)| = 5

|𝑈𝐶 (fuels,
fuels

)∪𝑈𝐶 (fuel gas,
fuel gas

)| = 25
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𝑆 (fuels, fuel gas) =
1
5 = 0.2

𝑆 (fuels, fuel gas) = 0.65 ∗ 1
6 + 0.35 ∗ 1

5 = 0.178

Figure 2: A fragment of the resulting graph combining ontologies.

The calculations of the connectivity components of multigraphs for the five ontolo-
gies showed the following values: ‘Layout of the main equipment’ – 62, ‘Strength
and seismic stability’ – 25, ‘Intracorporeal devices’ – 81, ‘Technical solutions for the
modernization of the reactor plant’ – 41, ‘Sources of radiation’ – 19. As a result of the
union operation, a multigraph consisting of 186 connectivity components was formed
at the functional level. After applying the thesaurus, the number of connectivity com-
ponents was reduced to 170. Thus, using a common conceptual basis made it possible
to increase the semantic similarity of the result.
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Figure 3: Fragment of the thesaurus graph for calculating the measure of semantic similarity between
descriptors «fuels» and «fuel gas».

5. Summary

The article presents one of the approaches to the use of documentary databases for
the formation of applied ontologies. Such ontologies can be constructed, for example,
based on the results of factual or thematic searches using various conceptual systems.

The article presents one of the approaches to the use of documentary databases
for the dynamic formation of applied ontologies. Such ontologies can be constructed,
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T 1: Semantic similarity matrix.

Fuel Gas Demolition Safety Deformation

Security 0.011 0 0.056 0.007

Work 0.008 0 0.031 0.001

Neutron Fluence 0 0 0.004 0

Fuels 0.178 0 0.026 0.008

Space 0.097 0 0.069 0.007

Reactor Safety 0.035 0 0.311 0.030

Thickness 0 0 0.007 0.004

Butter 0.001 0 0.005 0

Stability 0.006 0 0.163 0.012

Reactor Operation 0.007 0 0.055 0.040

Natural Circulation 0 0 0 0

Reliability 0.005 0 0.102 0.012

Biological Shielding 0.034 0 0.015 0.009

Anchoring 0 0 0 0

Stabilization 0.007 0 0.006 0.001

Retention 0.011 0 0.011 0.003

Water 0.029 0 0.007 0.017

Emplacement 0 0 0 0

Shielding 0.025 0 0.041 0.010

Dimensions 0.001 0 0.016 0.008

Oscillations 0.001 0 0.005 0.008

Equipment 0.008 0 0.094 0.007

Reactor Shutdown 0.033 0 0.086 0.023

for example, based on the results of factual or thematic searches involving various
conceptual systems.

The representation of ontologies at the structural level in the form of multigraphs
allows to use for sequential accumulation of knowledge about the subject area the
operations of union and intersection by analogy with graph theoretical operations.
The proposed approach to the implementation of operations provides an additional
inclusion in the resulting ontology of hierarchical and associative links of thesaurus
descriptors in order to increase the semantic connectivity.

Use in the operations of union and intersection the matrix of semantic similarity and
the approach to formation of pairs of descriptors on the basis of the coincidence of the
maxima allows to solve the problem of determining the threshold value for identifying
semantic similarity.
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