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Hocnioscyemvcs 3acmocysanis oHmoo2ii
015 3a0aui naanyeanns ol inmeaeKmyairoHux
azenmis y caabKoCmpyKxmyposanux npeomem-
Hux oénacmsax. Buxopucmosyrouu mogy zanu-
mie 0o onmonozii, 6yoyemvcs npocmip cma-
Hi8, 68 AKOMY (QPYHKUIOHYE iHMeNeKmyatoHull
azenm. JIns 3meHuweRHs POIMIPHOCE NPOCMO-
Py euxopucmano ouinky 0o oxcepesn ingop-
Mauii, Ha 0CcHO61 aKux 0yoyemvcs oHmonozis.
3oiiicneno anpobauito Pynxuionyeanns inme-
JleKmyanvioz0 azenwma 6 obénacmi mamepia-
Jn03Hascmea

Knrouosi cnosa: onmonozis, inmenexmyasio-
HUll azenm, ONPauO8aHHs NPUPOOHOP MO8,
KOHUenm, npocmip cmamie, niaanye8anms o

Hccnedyemcs npumenenue onmonozuil 0ns
3a0avu naanupoeanus Oelcmeull uxHmesex-
MYanvHbIX A2eHMO8 8 CAAGOCMPYKMYpupo-
eannvlx npedmemnvix odaacmax. Henonvsys
A3bIK 3anpPoco8 K OHMON0ZUSM, CMPOUMCS
npPOCMPanHcmeo CoOCMOSHUIL, 8 KOMOPOM PYHK-
YUOHUPpYem UHMeLIeKMYatvHblll azenm. [ns
YMeHbUEeHUSL PA3MEPHOCMU NPOCMPAHCMEA
UCNONb306aAHA OUEHKA UCMOUHUKOE UHPOP-
Mayuu, Ha 0CHOBE KOMOPHIX CMPOUMCS OHMO-
noeus. Ocywecmenena anpoéavus Qynryu-
OHUPOBAHUS UHMENTIEKMYATbHO20 dzeHma 6
obnacmu mamepuanosedenus

Kanrouegvie cnosa: onmonozus, unmesiex-
myanviolil azenm, 06padomiu ecmecmeeHHozo
A3vIKA, KOHUEnm, nPoCMpancmeo CoOCmosTHUil,
naanuposanue delicmeui

u] =,

1. Introduction

Scientific research in the field of development and op-
eration of intelligent agents (IA) implies creation of mathe-
matical models and methods of building information systems
in weakly structured subject domains. These domains are
focused on such fields of human activity that require logical
reasoning, specific skills and experience, that is, based on
knowledge. The class of such applied problems includes plan-
ning and monitoring of activity, prediction and classification
of phenomena, etc.

Among IA, agents of activity planning deserve special
attention. A significant part of applied problems comes down
to the problem of planning (optimal allocation of resources,
rational behavior, economic development of an object in
time, enhancing the operation of particular tools etc.). Anal-
ysis of basic approaches, methods and means of constructing
intelligent agents of activity planning shows that in the
structure of such systems, not all possibilities of ontologies
are used, especially during the simulation of functionality
of such systems. Behavior of such systems comes down to
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finding an optimal path in the space of states, but it is not
clear how to perform such a search. Searching for an optimal
way should be based on rules (laws) that are assigned within
a specific subject domain. For the formalization of such rules,
it is proposed to use ontologies.

There arises the task of development and implementation
of unified methods for constructing intelligent agents of
activity planning with the use of the ontological approach
to enhance efficiency of the processes of functioning of such
systems. The solution of such task is given as theoretically
grounded models of operation and methods of building TA of
activity planning based on ontologies. The essence of these
models lies in the adaptation of knowledge bases to the spe-
cifics of the problems of respective subject domain.

Thus, the proposed approach can serve as a methodology
for building intelligent agents of activity planning based on
ontologies.

The essence of TA activity is to find a path from the orig-
inal state to the goal state Goal with satisfaction of certain
criteria. As a rule, such criteria define the rational behavior
of TA. Their essence consists in finding such a Path that tran-




sition costs should be minimal, and gain (reaction of external
environment, within which IA operates) of such a transition
should be maximal. Such rational behavior is somewhat sim-
ilar to the well-known economic model “price—quality” (we
are looking for the cheapest yet the best product). That is,
such a problem is two-criterial.

The complexity of the search for a solution to the formu-
lated problem directly depends on the number of alterna-
tives of transition between two states, which TA can enter.
The sets of alternatives of transitions between states set
the search space Path. To narrow the search space and to
determine the relevant transition between states, one uses
knowledge, possessed by 1A, given in the form of ontology.

2. Literature review and problem statement

Scientific research into the use of ontology during TA
development and functioning, which started at the end of the
previous century, has been intensively developing. The basic
theoretical principles of formal mathematical models of on-
tologies were developed in paper [1]. This paper proposed to
consider ontology as a three-dimensional tuple that contains
concepts, relationships between concepts and interpretation
of particular elements of ontology. Article [2] considers the
problem of presenting relationships in ontology and their
classification. Research [3] shows isomorphism between
ontology and a conceptual graph. This allows us to use the
known methods and algorithms of the graph theory for pro-
cessing ontologies.

The way ontology can be used in combination with a
database is described in article [4]. This approach has its
pros and cons. The advantage of it is the combination of
two paradigms in a single data storage. However, on the
other hand, it is necessary to develop a new language of
requests to the data storage. The use of ontologies during
operation of applied information systems is described in
paper [5]. This work describes a process of formation of
requests to the ontology. However, such an approach may
be used only to ontologies of small volume. Research [6]
considers the use of ontologies for solving medical prob-
lems. This approach is linked to a subject domain. It is
necessary to develop a unified approach to constructing
the intelligent agents of activity planning based on on-
tologies.

The problem of construction of decision support system
based on ontological monitoring of medical data is presented
in paper [7]. This approach is of narrow specialization. In
article [8], the problem of integration of knowledge bases
into one ontology to support decision-making is examined.
Paper [9] proposes an approach to the development of a
separate module to support decision-making. The approach
is interesting and is still at the stage of experimentation [10].
Intelligence of such systems provides the use of descriptive
logic. However, in order to use such ontology in practice, it
is necessary to remember its structure and content, which
is difficult to implement for the ontologies, which contain a
significant number of elements.

Thus, at present, there is no a unified approach to us-
ing ontologies during operation of intelligent agents that
are intended for solving problems of action planning. The
present work proposes one of the possible variants of this
approach.

3. The aim and objectives of the study

The aim of present research is to improve effectiveness of
functioning of intelligent agents of action planning through
the use of ontologies.

To achieve the set goal, the following tasks had to be
solved:

— to develop a method for planning actions of specialized
intelligent agents using ontological approach;

—to develop a method for the evaluation of information
sources that are used for automated filling of ontologies;

—to verify the obtained results through development
and implementation of the applied specialized intelligent
agents of action planning.

4. Mathematical model of operation of intelligent agents
of activity planning based on ontology

By a formal model of ontology O, it is understood [1]:
0=(C.RF), )

where C is the finite set of notions (concepts, terms) of
software, assigned by ontology O; R:C—C is the finite
set of relationships between notions (terms, concepts) of the
assigned software; F is the finite set of interpretation func-
tions (axiomatization, restrictions), assigned on concepts or
relationships of ontology O.

The problem of action planning ZP has three compo-
nents: a set of states S, a set of actions A, a set of states of
goal Goal, that is,

ZP=(S,A,Goal). 2)

For effective action planning, A must be able to assess
states and actions. For this purpose, we shall use the model
of adaptive ontology, which is described in detail in [11].
Such ontology is defined as follows:

0= <é, ﬁ,F), 3)

where C= (C,W), R= (R,L), W is the weight of importance
of concepts, C, L are the weights of importance of relation-
ships R [12, 13].

The essence of the proposed method of narrowing the
search space Path is as follows: particular ontology concepts
C={C1,C2,...,Cm that assign alternatives of transition be-
tween states will be assigned weight W, i=1,2,..., m. Over
time, this weight will change, that is, to increase depending on
the degree of confidence 6 in the source, on the basis of which
this alternative was added to ontology. The concepts, an in-
crease in weight of which in a certain period of time would not
exceed a certain threshold A, will be removed from set C. This
method is described further in the work, which considers the
problem of ontology construction. We shall note that there
are alternatives C’:{C{,C;,...,C;} to transitions between
states that may not be removed from the ontology, that is,
CNC’=@. Such elements of ontologies are determined by
software experts. In addition, experts determine what con-
cepts of ontology pass from set C to C” and vice-versa.

Once the search space Path has been narrowed, we shall
consider the problem of choosing a transition path between



two neighboring states. As it was noted above, this problem is
two-criterial. First, we shall consider each criterion separately
and shall reduce a two-criterial problem to one criterion.

Let the set of concepts C be described by characteristics
(properties) X={xy, Xa,..., Xm}; Dj is the property domain x;;
the property value x; will be designated as z =z(x,). Let
v(Sk) be the state assessment Sy; ali‘l is the transition from
state Sy to state S), with the use of alternative o5 V(a;‘l) is the
action assessment aﬁ‘l. The state of goal Goal is defined by
the fact that a subset of attributes X has to attain certain
values z (x,Goal) VxeX.

In order to choose actions, we shall rely on the rational
behavior of IA, that is, on striving to minimize costs of
resources to achieve the state of goal. Each action al].‘l is
determined by cost of resources g;‘l (cost of transition from
state to state). Thus, in the problem of physical-mechanical
diagnostics of durable products, each of the alternatives
is characterized by the cost of resources and the period of
operation. Information on alternatives, cost of resources, as
well as the operation life cycle is stored in the ontology. It
is obvious that new alternatives may appear, so a module of
ontology supplement is necessary.

Evaluation of an action is directly proportional to the
costs of resources, that is, V(al{l)zEg;‘l, where E is the
scalar value. The task of IA is to minimize the magnitude

V' = 2 V(a}l ) — min, (4)

iePath

where i=(k,]) determines the path of transition from state Sy
to state Sy, j; is the number of alternatives, chosen for such
transition.

To assess reaction of external environment to the behav-
ior of TA, we shall use stimulating learning [12]. Formally,
the problem takes the following form. Assume that at every
step the agent is in state s from a certain set of states S. At
every step, it chooses action a from the existing set of ac-
tions A. In response to this, the environment informs the
agent what reward it received and in which state. In a gener-
al case, the agent must explore the environment and choose
the optimal behavior.

Let us designate the expected winning of IA in state S
as Q*(S), the encouragement function as Y:SxA —Y, the
function of transition between states as T:SxA —S’. The
problem is to maximize the win. It is clear that in a real situ-
ation, at the beginning of the process the agent has absolute
ignorance — the reaction of system to any actions, including
transitions between states, is not known. However, we shall
assume that the model of the problem that is solved by IA is
known.

According to [12], the optimal value of the state is a re-
ward we receive, if the TA acts in the best way. This value can
be defined as a solution to equations

Q'= I?ix[Y(S,a)+yz T(s,a,S')Q*(S')]. (5)

If it is known, the choice of the optimal strategy will be
made to according to formula:

T (s) =arg inax(Y(S,a) + yz T(S, a, S’)Q* (S’)].

Path

This problem is solved by iteration method [12, 13].

Taking into account (4) and (5), we receive a two-crite-
rial problem. To solve it, we chose the method of the main
component, if objective functions (4) or (5) can be estimat-
ed, respectively, from the bottom or from the top; if it is
impossible to estimate them, we use the method of complex
criterion. Thus, we receive one of three problems:

minV', Q >0Q, (6)
maxQ’, V' <V, )
V'
i f = 8
min o ®)

Problems (6)—(8) are multi-step optimization problems,
that is, problems of dynamic programming. Using the methods
for solving such problems (e. g., functional equations), we find a
path of transition from the original state to the goal state [12].

5. Automatic development of ontology based on the
assessment of reliability of information sources

Automatic development of ontology is realized by means
of Java API Protege-OWL. These tools include a library
of classes, which implement practices of working with
OW L-structures: their reading and additions. Thus, soft-
ware tools for developing ontologies are functioning in
interaction with the OWL-ontology. From the ontology,
we take patterns of grammatical-semantic structures for
recognition of affirmations (predicates of descriptive logic)
in the studied and/or academic texts. As a result of this
recognition, new elements are added to it. To do this, Link
Grammar Parcer (LGP) is applied, which splits an affirma-
tive sentence, written in grammatically correct English, into
semantically related word pairs. LGP contains the table of
correspondence between grammatical structures of English
and types of syntactically-semantic relationships between
words (concepts). API LGP allows linking this table to the
OW L-ontology, thanks to which the table can dynamically
adapt to assigned software in process of learning [14, 15].

Separate classes of concepts put restrictions on the prop-
erties of their instances by means of descriptive logic. Such
restrictions can be grouped into three main categories:

— quantor restrictions (existence, generalities);

— restriction of the number of admissible values (mini-
mum <, exactly=, maximum >);

— restrictions of “may take the meaning from a set” type.

Restriction of existence describes the class of instances
that have at least one link of the specified semantic meaning
with the instance of the specified class. In this case, the
quantor of existence is applied to a set of links of an instance
(and not to the set of instances of the class as it may seem).
Therefore, the quantor of existence indicates that this class
contains only those instances, a set, of links of which has a
particular connection: X|Elr,r(x,y) .

Quantor of generality indicates that this class contains
only those instances, the set of all links of which contains
clearly exceptional list of links, specified here:

{x|‘v’r,Ri er,R, (x,y1)/\R2 (x,yz)/\.‘. AR, (x,yn)} [16].

The method of ontology development makes sense only
as part of some intelligent system [17]. This solution became



an intelligent system of information search based on adap-
tive ontologies, knowledge base in the field of materials sci-
ence and database of scientific publications in this field [16].
In addition, we not only develop ontology, but also remove
from it all elements that became not relevant in terms of a
problem, which TA solves [18-21]. ~

Let at some moment of time t, the weight of concept C,
of ontology O be equal to W,. For an increase in weights of
concepts, electronic natural language documents T are used.
Every document T belongs to a particular source of infor-
mation U (scientific journal, website, etc.). That is, there is
a set of sources

U={U,U,,..Us},

and each source contains a set of text documents

Uy ={T0 T T }-

. . Protege (XML, SWRL) B‘
Measure of confidence in such

source U, will be designated as
0, €[0,1], 6, =0is the complete lack

of confidence in source U;, 6,=1 is Ontology

the maximum confidence in source

U;. Above all, we believe that a mea-
sure of confidence for all sources is
equal to 0.5. In the course of filling
the ontology with concepts from
text documents, measure of confi-
dence in the source is changing.
The following method of chang-
ing in measure of confidence was
suggested: a new measure of confi-
dence oy in a source is equal to

g Adding knowledge

_ 2
6, =2-0,—0g,

if an expert included a text document from this source for
filling ontology, where o is the old measure of confidence.
6, =0.—0., if an expert did not include any text document
from this source for filling ontology. If 6y<1, such source of
information is not subsequently considered. In other words,
if 6 times in a row, no document was taken from a certain
source for filling ontology, its ©,, =0,099 and this source is
excluded from subsequent viewings.

Then weights of concepts C, are changing according to
the following formula:

1 t
WH=Wi+ Y o,

1,80,

Where record T;®U; means that text Tj; was used for
filling of ontology.

The concepts, for which W™ =W} < A", are excluded
from the ontology. Such method makes it possible to reduce
the search space Path.

We shall obtain the following sequence of steps of opera-
tion of system of automated ontology development.

Step 1. To form a set of information sources U.

Step 2. To recalculate confidence op in information
source U;.

Step 3. To calculate weight W of concept C of ontology.

Step 4. To perform editing of ontology depending on
increments in concept weight.

The developed system has two basic functions:

1) interactive automated construction of ontology of the
given problem domain;

2) search, retention and classification (ranking) of sci-
entific publications both in interactive semi-automatic and
automatic mode.

Each of these functions is implemented by its basic set of
functional modules, but some of these software modules have
a dual purpose. The system is implemented in the program-
ming language Java. Most modules have graphic interface
Swing and AWT libraries. All connected libraries have the
status of open and are distributed free of charge. Due to their
use, the project is fully functional and has all the necessary
tools for development [22, 23].

The proposed architecture of the system of planning
actions of specialized intelligent agents is shown in Fig. 1.

\ Database |
l MySQL

Module of construction
of problem solving plan

Module of solving problems
of dynamic programming
Activity plan

g of intelligent agent

Preprocessing
of text document

Link GramParser

Fig. 1. Architecture of the system to plan actions of intelligent agents

Architecture of the system consists of the ontology
that contains ontology of a problem, that operation of
specialized TA is aimed to solve, and the ontology of the
subject domain, which specifies alternative solutions of
particular subtasks. The database stores instances of
individual concepts of ontology, as well as the history
of operation of a specialized TA. The central module is
a module of construction of problem solving plan, which
functions based on the ontology and instances of ontolo-
gy concepts (database). After construction of the search
space of effective action plan for TA, a module of solving
the problem of dynamic programming by the method of
functional equations is run. As a result, we receive a plan
of activity of TA. To develop and edit the ontology, we use
the module of preprocessing text documents, software
tool LinkGramParser to search for concepts of a subject
domain in text documents that are relevant to a subject
domain, as well as utility Wget to download files using
protocols HTTP, HTTPS and FTP.

Taking into account the method described above, we
obtain a diagram of activity of functioning of the system
of intelligent agents’ actions planning, which is shown
in Fig. 2. Functioning of the system includes five stages.
Between stages 2 and 3, there is an intermediate stage,
which lies in the automated development of the ontology.
The diagram of activity of this stage is shown in Fig. 3.

As an example, consider a product of durable operation —
a pipe (gas or water). The problem is formulated as follows:
at minimum costs, to extend the pipeline resource to the
maximum. Taking into account that:



1) the main restrictive resource-factor is electrochemical
corrosion of the pipe;

2) assigned estimated economic effect that TA receives
from the pipeline operation and possible losses from termi-
nation of operation;

3) costs for anti-corrosion protection are known and are
defined by technology of such protection;

4) estimated terms of trouble-free operation of the pipe-
line if we take common (assigned) measures of its anti-corro-
sion protection, known from expert assessments, standards,
data of non-destructive testing and technical diagnostics.

:

1.
Determine environment where
intelligent agent acts

2.
Collect information about environme@

Information is insufficient
Develop ontology
3.

Construct space of search
for effective plan

Ontology

4.
Decrease dimensionality of space
of search for effective plan

5.
Find effective plan

Fig. 2. Diagram of activity of functioning of system of
planning actions of intelligent agents

The general rule of coating replacement and restoration
is formulated as follows:

IF ((It is time to restore the coating) OR (The event of
coating damage occurred) OR (Measured parameters exceed
the permissible threshold, established previously)) 1 (Re-
sources to recover the coating are available) THEN (Replace
the coating).

Knowledge base specifies this rule through the sys-
tem of specifying production rules [24-26]. For IA of
information search, information that allows achievement
of success in solving this problem is considered valuable.
That is information about new types of anti-corrosion pro-
tection, which provide for extended terms of trouble-free
operation; information about refined assessment of pipe-
line resource; information about effective technology of
coating application.

The initial state is the state “unprocessed”. The goal
state: “processed”. The tasks will be divided into six stages:

1) disclosure of pipe surface;

2) removal of protective coating;
3) degreasing;

4) priming;

5) application of coating;

6) protection.

!

1.
Determine keywords for search
of relevant text documents

2.
Run module of search for relevant
text documents (wget)

3.
Process text documents
LinkGramParser

Ontology

4.
Fill ontology with information
about environment

Information is insufficient

5.
Optimize ontology

Fig. 3. Diagram of activity of the stage of automated
development of ontology

To complete each stage, alternative solutions are used.
Thus, for the stage of removal of protective coating, it is pos-
sible to use one of three alternatives: mechanical, chemical, or
thermal. All this information is stored in the relevant ontology.

6. Discussion of results of examining a Web mining
approach for defining keywords in the Slavic language texts

The basic ontology of software for materials science was
built based on [27]. Automated development of ontology was
carried out based on the following sources of information:

— Open Access Materials Science Journal (U1);

— Journal Materials & Design (U2);

— Journal Nature Materials (U3);

— Materials science (U4);

— Surface Technology/Functional Coating (U5);

— Journal Surface and Coatings Technology (U6);

— Protective Coatings and Compounds (U7).

The purpose of the ontology is to implement a certain IA
based of rational behavior. Such rational behavior consists of
four components:

a) set of actions that make up the stages of the plan;



b) set of ordering restrictions of type A<B
(A before B);

Table 1
Comparative table of methods with and without use of ontologies

c¢) set of causal connections (protection in-

Method of pro-
tervals) of type A——B (A reaches P for B), Stages Method of | Method of | cessing after filling
when under conditions of software, P, caused by and Names of stages and | processing | processing |ontology with regard
A, cannot change until the occurrence of state B; | func- functions by standard | after filling | to assessment of

d) sets of open prerequisites for each stage of | tions (pattern) | ontology | confidence in infor-
the plan. mation sources

Axioms of terms of the dictionary and atomic {  |Number of alternatives 3 15 19
statements about instances of concepts were of stage «Disclosure»
recorded. After that, the KB was set. Wrong Number of alternatives
axioms were revealed based on the fact that they 2 of stage «Removal of 4 26 16
represent wrong statements about the world. coating> -

The ontology contains more than 3000 con- 3 |Number of alternatives 5 32 22
cepts, 40 % of concepts are defined. of stage «Degreasng»

To obtain an indicator of the operation period g |Number ofalternatives 4 45 31
and costs of work, we employ the SPARQL request of stage ,«anmg,»
language to the ontology. For example, request 5 |Number of alternatives 3 39 21

of stage «Coating»

PREFIXtable: http://www.owl-ontologies.com/ 6 le”ﬁ)er Ofpaltin_lgtwes 4 27 17
Ontology1253189272 SELECT * FROM http:// |———f——aec IO
www.owl-ontologies.com/Ontology1253189272. Min V Costs, cu. 1200 920 950
owl> where {{$Cleaning rdfs:comment $value. |MaxQ | Operation term, years 20 42 42
i(;liagicné%; rdeS:Sl)leIaSSOf<# Cleaning>}}JORDER in\l/n/f(z Objective function 60 21.9 22.6

?value

returns the methods of cleaning pipeline surfaces: Cleaning
by hand tool, Cleaning with an electric instrument, Com-
mercial cleaning, Cleaning to almost pure metal, Cleaning
to pure metal.

Request:

PREFIX table: http://www.owl-ontologies.com/On-
tology1253189272 SELECT * FROM http://www.owl-on-
tologies.com/Ontology1253189272.owl where {{$Paints
varnishes rdfs:comment $value. $Paints_varnishes rdfs:
subClassOf <#Paints_varnishes>. $Period > 20. }} ORDER
BY ASC(?value)

returns paintwork materials, the application of which allows
using a metal surface for longer than 20 years. A list of such
materials, stored in the ontology, is as follows: “Amber-
coat—2000", “Ambercoat SEL-600", “FC—210/Ambercoat”,
“Protegol UR- Coating 32-55”, “Desmodur/Desmofen SZG
17605 and 18045, “Rompur 804”; “GIP”.

The number of alternatives for each stage with and
without use of ontologies and the values of corresponding
functions are given in Table 1.

Use of methods for automatic filling of ontologies allows
us to expand the number of alternatives (column 4) of solv-
ing certain stages of the problem “processing” compared
with patterns (column 3) from [24]. Thereby, the cost of pro-
cessing decreases and warranty period of operation of prod-
uct increases. The number of alternatives may be reduced
through the use of evaluation of confidence in information
sources (column 5). Although objective function increased
in this case, on expert level, the alternatives were removed
as irrelevant to the conditions within which the product
operates. Thus, we can conclude about effectiveness of the
proposed approach. The shortcoming is the process of de-
velopment of ontology, its adequacy and completeness of the
subject domain, within which an intelligent agent operates.
Such problem of quality assessment of ontology requires
separate scientific research.

7. Conclusions

1. Mathematical support of functioning of intelligent
agents of action planning based on ontologies was developed.
To do this, the notion of adaptive ontology, which made it
possible to formalise behavior of such agents in the space of
states, was introduced. The problem of planning activity of
an intelligent agent comes down to the problem of dynamic
programming, where the objective function is the composi-
tion of two functions that define competitive criteria. Thus,
as a result, we receive a two-criterial problem. To solve it, we
chose the method of the main component, if objective func-
tions may be evaluated or the method of complex criterion, if
these functions are impossible to estimate..

2. Automatic ontology development is realized by
means of Java API Protege-OWL. These tools contain
libraries of classes, which implement practices of working
with OWL-structures: their reading and supplementing.
Thus, software tools of ontology development function in
interaction with the OW L-ontology, taking from it the pat-
terns of grammatical-semantic structures for recognition of
affirmations (predicates of descriptive logic) in the studied
and/or educational texts and adding new elements to it as
a result of such recognition. In the course of development
of ontologies, there was an assessment of confidence in
sources of information, on the basis of which the ontology
is constructed. This allows us to narrow the search space
from the original state to the goal state, rejecting irrelevant
alternatives.

3. Based on the ontology of material science [16], we
constructed the space of states for solving the problem of
diagnosis and use of products of durable operation. We also
compared the developed method with the used of ontology
to the pattern of performed works for extending operation
term of products of durable usage. The developed method
makes it possible to increase operating efficiency of the intel-
ligent agent, which is displayed in minimal value of objective
function.
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