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Abstract—The paper considers the approach to the devel-
opment of knowledge bases based on semantic models. The
problem of collective use of various types of knowledge applied
for solving complex problems is considered. To solve the problem
was proposed the knowledge base and methods and tools for
developing knowledge bases. Feature of this approach is the
coordinated development of knowledge bases of developers, as
well as the use of reusable components.
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I. INTRODUCTION

The evolution of information technologies has led to the
accumulation of large volumes of heterogeneous, weakly
structured information. For effective use of this information
to solve various probelms, it is necessary to create knowledge
bases, which allow to systematize the knowledge stored in
them, and also provide an opportunity to work effectively with
them for both computer system and human. The emergence of
knowledge bases led to the emergence of specialized models
and knowledge representation languages, as well as software
tools that allow to develop knowledge bases, including dis-
tributed development teams. The volume and heterogeneity of
the information stored in the knowledge base leads to the need
for its structuring, i.e. the allocation of interrelated fragments
in it in order to improve the efficiency of its processing, as
well as for didactic purposes.

The knowledge base is a key component of such class of
computer systems, as knowledge-based systems, the develop-
ment of which is one of the promising areas in the field of
artificial intelligence [1]. The quality of the developed systems
of this class is determined, inter alia, by the quality of the
knowledge base and by the variety of types of knowledge
stored in it. Knowledge-based systems are now used in a wide
variety of areas of human activity - medicine, automation and
production management, training, design automation tools and
many others [2].

In this article, problems in the knowledge bases develop-
ment from the perspective of providing the learnability of
knowledge-based systems as a necessary property of intelligent
systems will be considered. To solve these problems, a seman-

tic model of the knowledge base is proposed that provides the
coordinated use of different types of knowledge and models
of their representation, the ability to present multilevel meta-
knowledge and the knowledge base structuring, as well as the
method and tools for knowledge bases development based on
this model.

II. PROBLEMS IN THE FIELD OF KNOWLEDGE
ENGINEERING

The value and quality of the processed information is
determined by the possibility of its effective use in a variety
of models of problem solving. In turn, the problem solving
models themselves should be able to use any information
stored in the knowledge base, which can be useful for solving
each specific problem.

Expanding the scope of knowledge-based systems has led to
the need to support the solution of complex problems. Under
the complex problem we will understand the problem, the
solution of which involves the use of formalized knowledge
of various types and different models of their processing,
which in turn requires the compatibility and integration of the
knowledge used, as well as models for their processing.

Examples of complex tasks include the following:
• the task of understanding of the meaning of the text of a

natural language;
• the task of understanding of the meaning of the hand-

written natural language text;
• the task of understanding of the meaning of a voice

message;
• the task of semantic analysis of the image;
• the task of automating adaptive learning;
• the task of planning behavior in intelligent robots;
• the task of complex automation of various enterprises.
Nowadays the main approach to the implementation of

systems capable of complex problems solving is the devel-
opment of hybrid systems, one of the main problems in the
development of which is the collective use of different types
of knowledge in the interests of compensating for deficiencies
and combining the advantages of heterogeneous models to
solve the problem [3]. In addition, the use of various types of
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knowledge in problems solving allows to increase the number
of classes of problems solved in comparison with the number
of classes of problems solved by systems using a limited set
of knowledge types. Such an increase is achieved through
the combination of different approaches in solving the sub-
problems within the problem, which becomes possible due to
the unification of different types of knowledge representation
within the same system. The relevance of this problem in the
case of databases is considered in [4]. As a consequence, the
actual task is to develop a common unified formal basis for
different types of knowledge representation within a single
system and ensuring their collective use in complex problems
solving. This work focuses on the problem of ensuring the
compatibility of various types of knowledge, including meta-
knowledge, which is proposed to be solved by unifying the
representation of different types of knowledge within the same
knowledge base [5], [6], [7], [8], [9].

The work is devoted to solving of problems related to
the development of models, methods and tools for creating
knowledge bases of computer systems capable of complex
problems solving.

Let’s consider in more detail a complex problem on an
example of a problem of automation of the batch production
enterprise.

Complex automation of the enterprise requires the following
information in the appropriate system:

• equipment nomenclature and configuration (to solve the
problems of the current situation analyzing and the
planned changes simulating, to evaluate the efficiency
of the current equipment configuration, to analyze the
possibility of its optimization);

• generalized business processes (description of products,
stages of production);

• production plans (list and volume of products);
• current business processes (state of specific equipment,

current production stage);
• specifications of emergency situations, ways of their

elimination;
• current processes related to logistics;
• information on personnel, accounting
• etc.

The description of all listed types of knowledge in one
system is necessary because they are closely related to each
other and often describe the same objects, but from different
aspects. In order for this description to work within the same
system, all fragments must be consistent among themselves,
in addition, the description should be structured in various
aspects. For example, a description of the same department
in terms of current production processes, logistics, personnel,
emergency situations - different views on the same complex
object.

Various kinds of meta-information about the same objects
are used to solve various production tasks. For example, in
the event of an emergency situation in the workplace, different
users may have various questions to the automation system, the

answer requires the presence of a different kind of knowledge
in the system (Figure 1).

In order for the company to adapt to the market require-
ments, modern technologies, the situation with supplies and
logistics, changes in legislation, it is permanently required
to supplement the knowledge base of the automation system
with new types of knowledge, including new concept systems
(new workshop, new equipment, new type of manufactured
products, new laws, etc.) directly in the operation of such
a system (Figure 1). In other words, an intelligent system
capable of complex problems solving must be learnable. By
learnability in this case we will understand the ability of the
system to acquire new knowledge and skills in the process
of its operation, while preserving the correctness and integrity
of the knowledge base. In turn, the learnability causes the
requirement of flexibility to such a knowledge base, that is,
reducing the complexity of making changes to the knowledge
base.

Figure 1. Examples of requests for a production automation system and
factors affecting the knowledge base changes

The foregoing allows us to formulate requirements to the
knowledge base of systems capable of complex problems
solving:

• The possibility of coordinated use of different types of
knowledge within the same knowledge base, including,
during complex problems solving.

• The knowledge base must have a structure that takes
into account the different aspects of the described entities
specification.

• Possibility of description in the knowledge base of meta-
knowledge (systematization and structuring of the knowl-
edge base requires advanced tools of meta-description,
i.e. tools of transition from the description of knowledge
to the description of metaknowledge).

• convenience of the knowledge base processing, which
implies, among other things, the possibility of narrowing
and expanding the scope of problem solving, if neces-
sary, as well as the ability to take into account meta-
information of various kinds during processing.

• flexibility of the knowledge base, i.e. the possibility of
adding to the knowledge base of new fragments, includ-
ing new types of knowledge, without making changes
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to the existing knowledge base structure directly in the
process of system operation.

• in order for the system to be able to analyze and, among
other things, verify and optimize its own knowledge base
and processes of its development, the structure of this
knowledge base, the history of its changes and plans for
its evolution should be described by the same means as
the domain part of knowledge base. The ability of the
system to analyze its own components, in particular, the
knowledge base, will be called reflexivity.

The creation and evolution of a knowledge base that meets
these requirements is a labour intensive and time-consuming
process that requires a high level of knowledge engineers
experience, which entails a deficiency of specialists in the field
of knowledge engineering and a high cost of knowledge bases
and, consequently, knowledge-based systems.

Taking into account the requirements for knowledge bases,
we will also formulate the requirements for the technologies
for their development:

• provide the ability to create, using the specified models,
tools and methods, knowledge bases that meet the above
requirements and are compatible with each other;

• reduce labor intensity and shorten the development time
of the knowledge bases;

• ensure high rates of evolution of models, tools and
methods for the knowledge bases development;

• reduce the requirements for knowledge bases developers
by providing information support.

To date, theoretical studies in the development of formal
knowledge representation models and formal models for prob-
lems solving have led to a wide variety of such models.

Nowadays, there are dozens of knowledge representation
models, but most of them are based on the main four: semantic
networks, frames, production and logical models [10].

Each of the described models has its advantages and
disadvantages, and when developing knowledge bases, the
knowledge engineer must make a choice in favor of the most
suitable model, because different types of knowledge require
the use of different models of knowledge representation.
The existing tools for knowledge bases development, as a
rule, are focused on the use of one of the above-mentioned
models. However, when creating knowledge-based systems,
especially when solving complex problems, it becomes neces-
sary to represent different types of knowledge within the same
knowledge base, especially knowledge at the intersection of
sciences, which none of the above-mentioned models taken
separately can provide [7], [6]. In addition, the choice of the
knowledge representation model limits a variety of problem
solving models that can be used in the developed system.

Due to that, there is a need to create a universal model
of knowledge representation that would make it possible to
represent any kind of knowledge in a unified, easy-to-process
form. Approaches to solving this problem are considered in
the papers [6], [11], [12].

However, for coordinated use of the different types of
knowledge in solving complex problems, it is not enough

to develop only a knowledge representation model itself, it
is necessary to develop unified methods of representation for
each kind of knowledge that are agreed upon within the chosen
model of knowledge representation.

Each knowledge representation model corresponds to a set
of knowledge representation languages that implement these
models.

In the knowledge representation languages, as a rule, the
syntactic and semantic components are divided. The syntax
specifies the rules by which the construction of the given
language are built, and the semantics determines the rules for
the specified constructions interpreting.

At the moment, different languages for knowledge repre-
sentation are used: CycL [13] (the knowledge representation
language based on ontologies and used within the Cyc project),
IDEF5 [14] (Integrated Definitions for Ontology Description
Capture Method - an ontological research standard for visu-
alizing data, obtained as a result of processing ontological
queries in a simple natural graphical form), Prolog [15] (pred-
icate based language of mathematical logic of Horn clauses,
which is a subset of the first order predicates logic), CLIPS
[16](C Language Integrated Production System - a language of
knowledge representation based on logical rules that use the
same name program shell for expert systems creating), and
others.

Particular attention should be paid to the tools offered in the
scope of the Semantic Web, because of their thoroughness and
prevalence. This direction is actively developed by the W3C
consortium, whose main task is the development of standards
for the Semantic Web [17], [18].

The means of the Semantic Web approach are a set of
methods and technologies designed to present information in
a form suitable for machine processing. Information is pre-
sented in the form of a semantic network, specified by means
of ontologies. Standardization of information representation
allows a computer system to obtain various factual information
and make logical conclusions based on it. The use of W3C
standards in the development of intelligent applications in
recent decades has become very popular.

As part of the Semantic Web for the presentation of knowl-
edge, the following have been developed:

• Resource Description Framework (RDF) and languages
that provide RDF data representation;

• RDF Schema metadata presentation tools;
• principles of representation of knowledge in the form

of ontologies and ontology description languages (OWL
Lite, OWL DL, OWL Full);

• the SPARQL query language for RDF data storing;
• and a number of other standards.

Efficient knowledge storages based on RDF are also de-
veloped, such as Sesame, HyperGraphDB, Neo4j, Virtuoso,
AllegroGraph, which provide storage and access to data using
the SPARQL query language. To edit ontologies created on
the basis of W3C standards, a large number of editors have
been created that have a fairly wide functionality [19].
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The knowledge representation tools offered in the Seman-
tic Web approach have some disadvantages, one of which
is their limitations, in particular, the lack of the ability to
describe metacommunications, the means of fuzzy knowledge
describing, the inability to describe the properties of entire
entity classes, the impossibility of exceptions to certain rules
describing and other [20].

Despite the successes achieved in the field of creating
knowledge bases, there are the following problems:

• laboriousness of simultaneous use of models representing
various types of knowledge;

• incompatibility of already developed components of
knowledge bases leads to the need to re-develop existing
solutions;

• changes to the knowledge base may necessitate signif-
icant changes in the structure of the knowledge base,
especially in the case of dynamic knowledge bases;

• despite the existence of sufficiently developed tools of
knowledge bases development, they do not fully provide
comprehensive support (including information) to the
team of developers at all stages of the knowledge base
development, and also do not have sufficient flexibility
and extensibility;

• existing facilities are oriented, as a rule, to a specific
knowledge storage format, which makes it difficult to
transfer the already developed knowledge base to another
model interpretation platform.

The main reason for all these problems is the lack of uni-
fication of the representation of various types of knowledge,
including meta-knowledge, within the same knowledge base,
and the lack of a knowledge base structuring model that
allows to structure the knowledge base on various aspects
simultaneously.

III. THE PROPOSED APPROACH

Among the approaches to solving these problems are the
following:

• development of models to represent different types of
knowledge, development of standards for knowledge rep-
resentation;

• development of knowledge base structuring models that
would allow to separate independent fragments of the
knowledge base in such a way as to minimize the number
of approvals in the collective development of knowledge
bases and, as a result, to reduce the complexity of
developing and improving of the knowledge base;

• ensuring the compatibility of the already developed
knowledge base components for their reuse, and the cre-
ation of libraries of such components in order to reduce
labor costs and shorten the development of knowledge
bases;

• use of automation and information support tools for
developers, focused on the collective development of
knowledge bases, providing integrated support for all

development stages to reduce labor costs, shorten de-
velopment time, and reduce requirements for knowledge
base developers.

However, existing implementations of these approaches are
usually aimed at solving of any one of these problems and do
not take into account the need to solve all of these problems
in a complex.

The approach proposed in this paper is based on the idea of
systems constructing based on semantic networks, proposed
in [21]. These ideas served as the basis for the creation of
OSTIS Technology, which is a complex of models, tools and
methods for intelligent systems development, as well as for
the permanent updating and improvement of this technology.

OSTIS technology is based on using as a method of encod-
ing information of unified semantic networks with a basic set-
theoretic interpretation of their elements. This method is called
SC-code (Semantic Code), and semantic networks represented
in SC-code are called sc-graphs (sc-texts or texts of SC-code).
Elements of such networks, represented in the SC-code, will
be called sc-elements, in turn, the nodes of such networks
will be called sc-nodes, the connections between them are sc-
connectors (sc-arcs, sc-edges).

A key feature of SC-code is the joint use of the mathematical
apparatus of graph theory and set theory. This allows, on the
one hand, to ensure the strict and versatility of formalization
tools, on the other hand - to ensure the convenience of storing
and processing of information presented in this form.

For visualization of SC-code texts, external languages such
as SCg (Semantic Code graphical), SCn (Semantic Code
natural) and SCs (Semantic Code string) are used [?].

The model of an entity recorded by SC-code means is called
the sc-model of the specified entity.

One of the features of the sc-model of the knowledge base is
the lack of synonymy between sc-elements, which should be
identified and eliminated by gluing together synonymous sc-
elements, or by explicitly indicating the fact of their synonymy.
[12]

To solve the problem of coordinated use of different types
of knowledge within the knowledge base, compatibility and
flexibility of knowledge bases, as well as high labor costs and
long terms of their creation, it is proposed to develop:

• A unified semantic model of the knowledge base that
ensures the unification of the representation of various
types of knowledge and the possibility of using a wide
range of knowledge base structuring types through:

– internal representation of the knowledge base in the
memory of the intelligent system in the form of a
semantic representation using formalized semantic
network;

– separation of a hierarchical system of subject do-
mains and an explicit representation of ontologies
that describe the semantics of all subject domains
and corresponding languages in the knowledge base.

Use of these principles will ensure the possibility of
coordinated use of different types of knowledge, the

102



compatibility of the knowledge bases being developed
among themselves, as well as their flexibility.

• The method of coordinated development of knowledge
bases built on the specified model, based on the formal
ontology of the design actions of knowledge base devel-
opers, implementing a component approach and oriented
towards the collective development of knowledge bases.
The presence of such a method will ensure the correctness
and consistency of the project activity of developers
directly in the process of the knowledge base use.

• a library of reusable components of knowledge bases,
including components search tools based on their speci-
fications. The presence of such a library will significantly
reduce the labor costs for the development of knowledge
bases.

• tools of automating the activity of knowledge base de-
velopers, as well as their information support, including
the knowledge base development automation system and
the developer consulting services subsystem within the
IMS metasystem that implement the proposed method
and provides coordination, verification and editing of
knowledge base fragments directly in the process of using
it. The availability of such tools will reduce the time
required to create knowledge bases and requirements for
their developers. These tools are expected to be developed
using OSTIS Technology, which in turn will ensure
flexibility of the tools themselves.

IV. SEMANTIC MODEL OF THE KNOWLEDGE BASE

To implement the proposed approach, it is necessary:

1) to provide a unified basis for the presentation of various
types of knowledge, which involves the development of
entity specification tools in the knowledge base within
a certain ontology of representation;

2) to provide the possibility of an unrestricted transition
from knowledge to meta-knowledge due to the possi-
bility of allocating of some integral fragment of the
knowledge base and considering it as a specification
object;

3) to construct a formal model of knowledge, identify the
typology of knowledge;

4) to construct formal models of the most important types
of knowledge, which are the basis for the specification
of different kinds of entities.

From a formal point of view, the sc-model of the knowledge
base is a set of sc-elements.

In order to transform a different kind of knowledge stored in
the memory of a computer system into a single well-structured
knowledge base, it is necessary to bring all these diverse types
of knowledge to a common syntactic and semantic foundation
based on some universal ontology of representation. In this
paper, the ontology of sc-elements is the role of such an
ontology of the representation, within the framework of which
the typology of entities described in the knowledge base is
specified, as well as the typology of signs included in the

knowledge base, which reflects the character of the relation-
ship of these signs with the current state of the knowledge
base. An example of the specification of entities using the
ontology of sc-elements in the knowledge base is shown in
Figure 2.

The development of such an ontology allows us to describe
the syntactic and semantic properties of sc-elements (that is,
the signs of entities described in the knowledge base) within
a single knowledge base, which in turn allows us to provide
a property of reflexivity for systems based on the proposed
approach. In particular, the ontology under consideration al-
lows us to describe the properties of not only the objects
of the external world, but also of the internal signs (sc-
elements) themselves. For example, when describing objects
in a dynamic domain, it is necessary to describe, on the one
hand, the temporal properties of the entities themselves (a past
entity, a present entity, a future entity), on the other hand, the
temporal properties of the signs relative to the current state of
the knowledge base (a sign represented in the current state
of the knowledge base, a sign not represented in the current
state of the knowledge base, etc.).

Existing approaches to the development of knowledge bases
are based on the examination of specific elements of the
knowledge base (classes, instances, relations, etc.) as objects
of the specification. However, with the accumulation of large
amounts of information in the knowledge base, it becomes
necessary to allocate entire fragments of the knowledge base
and be able to specify them, treating them as separate entities.
This is necessary to ensure the possibility of an unrestricted
transition from knowledge to meta-knowledge. In the frame-
work of this paper, such a fragment of the knowledge base
is called a structure (sc-structure). Each structure is a sc-
element, denoting some text of SC-code, which can later be a
specification object, including being part of other structures,
be connected with other entities by different relations.

From a formal point of view, the structure is treated as a
set, the elements of which are all the sc-elements that make up
the fragment of the knowledge base designated by the given
structure.

For the specification in the knowledge base of various
structures, their typology was developed and the roles of the
elements that make up the structure were determined.

The fact that as a formal basis for representation of knowl-
edge in the SC-code the theory of graphs and set theory are
used, allows us to analyze not only the external connections of
the considered fragment with other elements of the knowledge
base, but also to analyze the internal structure of these frag-
ments with the necessary degree of detail, i.e. identify in the
knowledge base the analogies, similarities, differences, build
different types of correspondence between fragments.

In one of the SC-code external representation languages -
the SCg - structure can be represented by explicitly indicating
all the pairs of elements membership to the structure (see
Figure 3a), and also as a contour containing all the elements
that make up the structure (see Figure 3b).

The concept of structure is a formal basis for the semantic
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Figure 2. Syntactic and semantic aspects of the description of entities stored in the knowledge base

model of the knowledge base and models for its structuring
in various aspects. In the works [22], [23], various relations
defined on the structures are considered.

On the basis of the concept of structure, the concept of
knowledge as the most important kind of entities described in
the knowledge base is clarified.

Within the proposed knowledge base model, each structure
will be called knowledge if and only if:

• for any connection (including the sc-connector) that is
part of this structure, this structure includes all compo-
nents of this connection with explicit indication of the
membership of the specified components in the specified
connection;

• for any sign of the final structure included in the struc-
ture under consideration, this structure also includes all
components of this finite structure with explicit indication
of the membership of these components in the specified
final structure;

• for any sc-element that is part of the structure under
consideration, this structure includes the signs of all
concepts for which the indicated sc-element is a member,
with explicit indication of this membership.

The most commonly used types of knowledge within the
proposed knowledge base model are the semantic neighbour-
hood, factual knowledge, comparison, knowledge base section,
subject domain, ontology, task, program, plan, solution, state-

ment, definition, reasoning, etc.
The formal refinement of the concepts of structure and

knowledge makes it possible to provide the possibility of an
unrestricted transition from knowledge to the corresponding
metaknowledge. This property is achieved due to the ability
to designate some fragment of the knowledge base with one
sc-element, and, accordingly, consider it as a single whole,
specify its properties and connections with other fragments.
In turn, such a specification can be further considered as an
object of formal description (Figure 4).

For the specification of individual entities within the knowl-
edge base, the concept of a semantic neighbourhood is
introduced.

A semantic neighbourhood is a specification of some
entity for a specific set of characteristics, which is essentially
a collection of metainformation. Formally, the set of such
attributes is determined by the set of relations and classes
to which the described entity belongs and is the basis for
semantic neighbourhoods classifying.

In general, a set of characteristics specifying entities be-
longing to certain classes will be different. In addition, it
often becomes necessary to specify the same entity in various
aspects and explicitly capture these aspects in the knowledge
base.

For example, some person can be described from a profes-
sional (job, position, professional skills), medical (sex, weight,
height, illness), civil (family status, nationality, age, attitude
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a)

b)
Figure 3. An example of a complete and abbreviated representation of a structure in the SCg-code

to military service), etc. points of view (see Figure 5). The
ability to describe the various properties of the same object is
achieved through the allocation of various classes of semantic
neighbourhoods and the selection of a set of characteristics
that determine a particular class of semantic neighbourhoods.

An example of a semantic neighbourhood is shown in Figure
5.

The most important types of knowledge in terms of the
process of knowledge bases development are subject domains
and ontologies. In the framework of the proposed approach,
they are the basis for creating formal means of describing
different types of knowledge in the knowledge base.

The concept of the subject domain is the most important in
the field of knowledge engineering, allowing you to focus on
a particular class of entities being researched and a specific
family of relations that are specified on the specified class.
Thus, abstraction is carried out from the rest of the investigated
world.

Consideration of the structure of the knowledge base in
relation to the subject domain allows us to consider the objects
under study at different levels of detail. Detailed analysis of
the researched objects can be carried out both within the
original subject domains and within a system of independent,
but related subject domains.

Each subject domain focuses on the description of the
relations of the corresponding class of researched objects.
Formally, the subject domain model is defined as follows:

MSD = (SDN , SDE , SDR, SDO), (1)

where SDN – non-empty set of elements of the subject
domain (carrier);
SDE – set of roles of elements within the subject domain;
SDR – set of relations between subject domains;
SDO – set of classes of ontologies specifying subject domains.

An example of a formal specification of a subject domain
is shown in Figure 6.

For a formal specification (description of properties) of the
relevant subject domain, oriented to describing the properties
and interrelations of the concepts that make up the specified
subject domain, such type of knowledge is used as ontology.

Within the framework of the proposed approach, the concept
of ontology is refined and their typology based on the selected
typology of semantic neighbourhoods is introduced. This
approach to the allocation of ontology classes is based on the
approach to the classification of ontologies, depending on the
set of the relations used to describe the entity properties.

From the formal point of view, within the framework
of the proposed knowledge base model, ontology will be
interpreted as the result of the set-theoretical union of semantic
neighbourhoods of one type. Depending on the properties of
the subject domain concepts under consideration, which are
described in the ontology, i.e. type of unioned semantic neigh-
bourhoods, the following types of ontologies distinguished:
structural specification of the subject domain, set-theoretic
ontology, logical ontology, terminological ontology, ontology
of problems and problems solutions, ontology of classes of
problems and methods for problems solving, etc. In more detail
this typology was considered in [22], [23].

Explicit allocation of ontologies in knowledge bases of
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Figure 4. Example of metaknowledge description in SC-code

Figure 5. Example of the description of the semantic neighbourhood in the SC code

intelligent systems is necessary in order to:

• commit the agreed current version of the interpretation
(clarification) of all the concepts used;

• ensure a clear organisation of the continuous process
of development and harmonisation of the system of
concepts used. This, in turn, requires a fairly detailed
documentation (logging) of all changes in the system of
concepts.

The main goal of structuring is to divide the specification
of the described world into parts. This allows us to abstract

each of the parts from those details that are not essential for
solving the current problem, by analogy with experiments in
various natural sciences.

One of the structuring way, which makes it possible to
localise the domain of finding ways to solve problems, is the
structuring based on the hierarchy of subject domains and their
ontologies. In this case, the search area for solving a problem
can be one or more subject domains that are sufficient to solve
a given class of problems. At the same time, if necessary, the
scope of the problem solution search can expand up to the
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Figure 6. The example of a subject domain specification in the SC code

whole knowledge base.
Another important structuring way is the structuring of

the knowledge base from the perspective of the development
process (Figure 7), within which sections are identified that
describe the part of the knowledge base available to the end
user and parts of the knowledge base available to different
categories of developers.

In addition, in the knowledge base it is necessary to describe
the dynamics of the specified domain itself as a model of
the external world fragment (i.e., the description of the past,
present and future state of various external entities), and the
dynamics of the knowledge base itself (i.e., the history of its
development, plans for completion, current state), which is
also one of the ways of the knowledge base structuring (Figure

7).
Using the models discussed earlier, a formal model of the

knowledge bases structuring has been developed:

MSTR = (STRS , STRC , STRR), (2)

where STRS – set of knowledge base sections;
STRC – set of allocated classes of knowledge base sections,
determined by a set of structuring characteristics;
STRR – set of relations specifying the knowledge base sec-
tions, including - decomposition of sections into subsections.

This model is considered in more detail in [22]. An example
of the structuring of the knowledge base on various aspects is
shown in Figure 8.

The proposed model of structuring based on the allocation
of sections and the formation of their hierarchy makes it
possible to structure the knowledge base on the basis of an
arbitrary set of characteristics, i.e. structuring the knowledge
base from different points of view, while combining them
within a single knowledge base.

An important feature of this approach is the description of
the entire structure of the knowledge base with the help of
SC-code in the same knowledge base, which in turn ensures
the reflexivity of the intelligent system, that is, the ability to
analyse the structure of its own knowledge base, for example,
to identify various contradictions.

On the basis of the above results, a semantic model of
the knowledge base is constructed that satisfies the above
requirements:

MKB = (MS , ONTR, ONTHL,

{MSTR1,MSTR2, ...MSTRn}), (3)

MS – set of structures stored in the knowledge base;
ONTR – the ontology of sc-elements, which is the ontology
of representation in the framework of the proposed approach;
ONTHL = {ONTSTR, ONTK , ONTSN , ONTSD, ONTO}
– set of top-level ontologies,
ONTSTR – the ontology of the Subject domain of structures,
ONTK – the ontology of the Subject domain of knowledge,
ONTSN – the ontology of the Subject domain of semantic
neighbourhoods
ONTSD – ontology of the Subject domain of subject
domains
ONTO – ontology of the Subject domain of ontologies,
MSTRi – model of the knowledge base structuring with the
i-th way.

In accordance with the proposed model, adding a new entity
to the knowledge base requires specification of this entity us-
ing one or more concepts from the ontology of representation
or the set of top-level ontologies. The specification of the entity
in this case means the indication of the inclusion or belonging
to any of the classes of the mentioned ontologies.

In turn, the addition of a new kind of knowledge is reduced
to:
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Figure 7. Structuring the knowledge base in terms of the development process

Figure 8. An example of different structuring ways combining in one knowledge base, represented in SC-code
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• construction of a model of the relevant subject domain (or
several subject domains), within the framework of which
the introduced concepts are reseached - i.e. constructing
of a structural specification of the subject domain, in-
cluding indicating the relations of the considered subject
domain with others already existing in the knowledge
base model;

• building a family of ontologies of various types, specify-
ing the developed subject domains.

The knowledge bases developed with the help of the pro-
posed model have the following main advantages:

• the consistent use of different types of knowledge by
using as a formal basis for information encoding of
unified semantic networks with a basic set-theoretic
interpretation, the syntax and semantics of which are
specified within the ontology of sc-elements, which is
the ontology of representation in the framework of the
proposed approach, and use of the developed set of top-
level ontologies (ontology of the subject domain of struc-
tures, ontology of the subject domain of sets, ontology of
subject domain of connections and relations, ontology of
subject domain of subject domains, etc.), specifying the
most common kinds of knowledge, on the basis of which
other types of knowledge may be described;

• the possibility of structuring from the point of view of
various aspects and description in the knowledge base
of meta-knowledge through the use of a structure model
that allows to consider and specify a fragment of the
knowledge base as a single whole, which in turn enables
the transition from knowledge to meta-knowledge to an
unlimited number of levels;

• convenience of the knowledge base processing due to the
possibility of metainformation use during the processing,
as well as the possibility of localising the area of finding
ways to solve problems within one or several subject
domains explicitly specified in the knowledge base;

• the flexibility of the knowledge base, i.e. its ease of
modification, due to the explicit specification in the
knowledge base of subject domains and their ontologies,
which allows you to localise those fragments of the
knowledge base in the process of the knowledge base
developing and changing, which will also need to be
changed.

• the ability to analyse, including, verify, adjust and opti-
mise the structure of the knowledge base, history and
plans for its development by the same means as the
domain part of the knowledge base by using unified tools
to describe all the listed information. At the same time,
the possibilities of such an analysis can be easily extended
by specifying in the knowledge base the information
needed for analysis, for example, the specification of
incorrect structures classes.

The principles of representation of various types of knowl-
edge, using the ontology of sc-elements and a set of ontologies
of the upper level, developed within the framework of the

knowledge base semantic model allowed to solve a number
of problems related to the presentation of knowledge within
the Semantic Web, in particular, using the standards RDF and
OWL 2. Let us consider several examples in more detail.

Example 1. In RDF and OWL 2, the principle of set
normalisation is not used, which is one of the fundamental
principles of the SC-code. The principle of the sets normali-
sation assumes that each sc-element (including the sc-arc) is
treated either as a sign of the terminal entity (for example, the
sign of a concrete number or the sign of a concrete material
entity) or as a sign of a set whose elements are, in turn, only
sc-elements. This principle ensures strict formalisation and
unambiguous interpretation of each element of the knowledge
base, which in turn increases the convenience of information
processing and reduces the number of concepts.

Figure 9 shows an example of using the "color" concept
in RDF (Figure 9a) and SCg (Figure 9b). As can be seen
from Figure 9a, the specific color (Red) is denoted by the
node of the semantic network and is associated with the object
being characterised by the relation "have color". When trying
to apply the principle of normalization, it becomes obvious
that a particular color is not a terminal entity (there is no "red"
entity), and should be treated as a set of all elements with this
attribute, in this case, having a red color (Figure 9b). Thus, the
relation "have color" is redunant. Analogous arguments lead
to the fact that the relations "sex", "length" and other relations
that describe the properties of objects in a certain parameter
space turn out to be redundant. In turn, the use of the sc-
arc of membership instead of the arc of the relation "have
color" simplifies the processing of such a construction, since
the semantics of such an arc is unambiguously interpreted by
the processing means.

Example 2. The RDF and OWL2 tools allow you to
describe relation properties, but do not allow you to specify
individual connections of a specific relation, although some-
times such a need arises. Let us consider the example given
on the official website of the W3C consortium [24], in which
it is necessary to characterise the degree of certainty when
exhibiting a certain diagnosis to the patient. As can be seen
from Figure 10a, to record this information by means of RDF,
it is necessary to introduce an additional node of the semantic
network, denoting a specific diagnosis (in fact - a connection of
the "diagnosis" relation) and relations "have diagnosis", "have
value", "have probability". In addition, that such a description
is cumbersome, the description of the diagnosis in the case
where it is necessary to indicate the probability and in the case
when it is not necessary to do so is fundamentally different
(in the second case, only the "diagnosis" relationship between
the patient and the value of the diagnosis is used). From the
point of view of the set-theoretic interpretation underlying the
SC-code, each relation connection (for example, the sc-arc) is
treated as a set of related elements, which in turn is an element
of the corresponding relation. This approach allows us to
specify both the relation itself and separately each connection
of the relation, while adding any specification does not lead
to changes in the representation of the original relationship
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a)

b)

Figure 9. An example of the "color" concept use

(Figure 10b). In this case, as in the previous example, the
relation "have probability" turns out to be redundant.

Example 3. The set-theoretic approach, underlying the SC-
code, allows, if necessary, to specify in the knowledge base
not only binary connections, which are usually represented by
sc-arcs or sc-edges, but also various capacity links, denoted by
sc-nodes. However, such sc-nodes do not need to be named,
unlike nodes in RDF-triples. Each such link can then be
specified in the necessary way.

This approach solves one of the problems described on
the W3C website [25], related to the presentation of the fact
that some set is the union of a family of pairwise disjoint
sets. In the variant of representation on OWL 2 (Figure 11a),
the "union" relation is used for this, but this relation cannot
be described by RDF triples, in addition, in this case it is
necessary to indicate the fact of disjointness for each pair
of sets. The SC-code means allow to introduce quasi-binary
relations connecting some sc-element and some set (connec-
tion) of other sc-elements. For example, to solve the problem
under consideration, we can define the relation "subdividing*"
connecting some set and a family of pairwise disjoint sets
(Figure 11b). A formal definition of this relation through other
relations (for example, "union" and "pair of disjoint sets") can
also be written in the SC-code, and not be specified separately
for each use of this relation.

Next, we will consider some advantages of different types
of knowledge representation using the models proposed in
this work in relation to the classical models of represen-
tation (frames, products, logical models). Figure 12 shows
an example of representing of the knowledge base fragment
using frames (Figure 12a) and the first-order predicate logic
language (Figure 12b) [26].

Figure 13 shows an example of a SC-code construction,
semantically equivalent to the fragments shown in Figure 12.

Figure 14 shows an example of formalisation in SC-code
of the following production rules:

• IF X is a bird, then X is an animal;
• IF X is a bird, then X has two legs;
• IF X is an animal, then X has two legs OR X has four

legs.
These examples allow us to formulate the following short-

comings of classical models:

• each classical model is heavily oriented to presenting
knowledge of a particular types. So, with the help of
frames it is inconvenient to represent logical rules and
patterns; the product model is convenient for the presen-
tation of rules, but requires the presence of some addi-
tional language for describing the factual information, in
addition, the production model does not allow describing
complex logical statements containing several quantifiers
at different levels; the logical model is oriented to the
representation of strict facts and statements, and in the
classical version it does not allow to describe knowledge
that does not have sufficient completeness, accuracy and
correctness;

• the form of presentation of some information in the
classical models is largely determined by the syntax of
the chosen model, not by the sense of the information pre-
sented. So, for example, the presentation of even simple
factographic information in the production model obliges
the knowledge engineer to formulate all knowledge in the
form of rules like «IF ..., THEN ...», although this is not
always convenient for the developer and especially for
the domain expert;

• the syntax of some classical models in some cases (for ex-
ample, in the case of frames) is oriented on its perception
by a person, not by a machine, in others (for example, in
logical models) on the contrary. Thus, classical models
do not allow to provide knowledge representation in the
form of both human-friendly and convenient for storage
and processing by a machine.

• in many cases, classical models (for example, frames)
do not have sufficient strictness of representation and
allow you to write the same information in different
ways, which in the future can lead to incompatibility
of fragments of knowledge bases developed by different
developers.

In turn, the models constructed on the basis of the SC-
code, proposed in this paper, allow to eliminate the indicated
shortcomings, in particular:

• the use of the apparatus of graph theory and set theory
as a basis for representation of knowledge allows to
ensure, on the one hand, strictness in presentation, on
the other hand, presentation visibility and convenience
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a) b)
Figure 10. Connection specification example

a)

b)

Figure 11. An example of a description of disjoint subsets of a set

of information storing and processing in the computer
system memory;

• the proposed models allow to represent different types of
knowledge in a unified form (see Figures 13, 14);

• SC-code has a relatively small alphabet and simple syn-
tax, all models built on its basis use the same basic
alphabet and syntax, only a set of key nodes is expanded,
thus the convenience of storage and processing is not
violated. The meaning of the stored information is fixed
by the configuration of the connections between sc-
elements that are built in accordance with the mentioned
syntax;

• The formalism used does not require the developer to
bring the information presented to any special kind,
determined by the syntactic features of the language. The
only condition is the interpretation of all the described
entities as particular for some of concepts from the rep-
resentation ontology considered, based on the formalism
of set theory, which in turn ensures the unambiguity of
the semantics of each entity described in the knowledge

base.

V. METHOD AND TOOLS FOR DEVELOPMENT OF
KNOWLEDGE BASES

Developing a knowledge base is a labour intensive and time-
consuming process. Among the ways to reduce the timeframe
for creating knowledge bases, the main ones are to ensure the
joint development of knowledge bases by a distributed team
of developers, automating their activities, and also reusing the
already developed knowledge base components. [27], [28],
[29], [30], [31], [32], [33], [34], [35], [36].

However, it is impossible to fully automate the process
of developing the knowledge base, because some stages,
such as the formation of a system of concepts, require the
concerted efforts of a number of developers and experts and
are subjective.

In addition, in the process of using any knowledge-based
system, there is a permanent need to improve its knowledge
base: the addition of new knowledge, the removal of irrel-
evant information, the search for and correction of errors
and inaccuracies. The actualisation of information stored in
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a)

b)
Figure 12. An example of a knowledge base fragment presented with the help of frame and logic models

the knowledge base in accordance with the current state of
the described subject domains (especially dynamic ones) may
require such significant changes as the replacement of one
conceptual system with another, including the introduction of
new concepts, the removal of outdated concepts, the redefini-
tion of existing concepts, etc. Due to the fact that standards,
existing in various fields of application of knowledge-based
systems, and also requirements and technologies are constantly
changing, the process of evolution of the knowledge base must
be carried out continuously directly during the operation of
such a system [37]. The vast majority of knowledge base
development tools do not provide such an opportunity, while
strict dividing the processes of developing, improving and
maintaining knowledge bases of knowledge-based systems.

A. Library of reusable components

To reduce labour costs in the development of knowledge
bases of knowledge-based systems, it is proposed to use
already developed fragments of knowledge bases or the whole
knowledge bases of any systems. To organise the storage and
search of such components, a library of knowledge bases

reusable components, which is part of the IMS metasystem
[?], is proposed in this paper.

The library of knowledge bases reusable components in-
cludes a set of such components, means of such components
specification and tools of automating the search for compo-
nents based on their specifications (Figure 15).

Each knowledge bases reusable component is a structure
either explicitly represented in the current state of the sc-
memory or an incompletely formed structure which, if nec-
essary, can be completely formed by combining its parts
indicated by any decomposition relation, for example, a subdi-
viding, or the inclusion relation, and which can be used within
another knowledge-based system.

Each knowledge bases reusable component has a formal
specification, that is, some semantic neighbourhood that char-
acterizes this component. On the base of the formal specifica-
tion, search for a suitable component in the library is carried
out, comparation of it with other components, and so on.

The main semantic classes of knowledge bases reusable
components stored in the library of knowledge base compo-
nents are:

• semantic neighbourhoods of different entities;
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Figure 13. SC-code construction, semantically equivalent to the given examples

• ontologies of different subject domains;
• specifications of formal languages for describing different

subject domains;
• sections of the knowledge base of various semantic types

(including non-atomic ones);
• knowledge bases of entire subsystems that provide solu-

tions to various tasks;
• and etc.
Integration of a knowledge bases reusable component into

a system is reduced to merging key nodes by identifiers
and eliminating possible duplications and contradictions that
could arise if the developer of the system manually made any
changes to its knowledge base.

The components search automation tools include tools for
finding dependencies between components, searching for com-
ponents in which the specified concepts are described, as
well as searching for components by a fragment of their
specification, etc.

More detailed knowledge bases component development
based on OSTIS Technology is considered in [38].

B. The method of coordinated development of knowledge
bases

When developing knowledge bases, it is necessary at every
stage to ensure the semantic compatibility of knowledge bases
and their components, that is, all concepts used must be treated
equally in different components. Especially this task is relevant

in terms of collective development, as well as in situations
where the system of concepts used is changing. To ensure
such compatibility it is necessary to use ontologies, as well as
to commit protocols of coordinated changes in the knowledge
base.

To solve these problems, a method of creating knowledge
bases by a team of developers based on a formal model
of the project activity of various knowledge base developers,
each of which can play a certain role in the development
process, is proposed. The construction of such a model and the
clear allocation of classes of such actions allows to automate
the process of collective development, as well as minimize
the overhead costs for coordinating the activities of various
developers. The main attention in the proposed method is given
to the processes of harmonising the interpretation of certain
concepts within the framework of the created knowledge base.

This method assumes two main stages - the creation of a
start-up version of the ostis-system (including its knowledge
base) and the stage of the knowledge base development itself.

The process of creating the start-up version of the ostis-
system (system, built with OSTIS Technology) can be divided
into four main stages:

• selection and installation of an interpretation platform for
the ostis-system model;

• installation of the Core of sc-models of knowledge bases
from the library of knowledge bases reusable compo-
nents, which contains ontologies of the most common
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Figure 14. An example of formalisation of productions in SC-code

subject domains, i.e. top-level ontologies (for example,
the Subject domain of numbers and numeric structures,
the Subject domain of ontologies, the Subject domain
of logical formulas and logical ontologies, the Subject
domain of connections and relations, the Subject domain
of parameters and quantities, etc.);

• installation of the Core of the knowledge base processing
machine from the library of the reusable components of
the knowledge base processing machines [39], that is, a
set of basic reusable components of the knowledge base
processing machines required to run the start-up version
of the ostis-system;

• installation of the Core of the sc-models of interfaces
[40], that is, a set of basic reusable components of the

Figure 15. The structure of the library of reusable components of knowledge
bases

sc-models of interfaces required for running the start-up
version of the ostis-system;

• installation of a system for the collective development of
knowledge bases support.

After the basic configuration of the initial version of the
ostis-system is build, the stage of development of the knowl-
edge base begins, which includes the following stages:

1) formation of the initial structure of the knowledge base,
which assumes:

• formation of the structure of knowledge base sec-
tions;

• identification of the described subject domains;
• construction of a hierarchical system of described

subject domains;
• building a hierarchy of knowledge base sections

within the subject domain of the knowledge base,
taking into account the hierarchy of subject domains
built at the previous stage.

2) identification the components of the knowledge base that
can be taken from the library of reusable components of
knowledge bases, and their inclusion into the developed
knowledge base.

3) formation of project tasks for the development of miss-
ing fragments of the knowledge base and distribution of
tasks among developers.

4) development and coordination of knowledge base frag-
ments, which, in turn, can be included in the library of
knowledge bases reusable components.

5) verification and debugging of the knowledge base.
It should be noted that during the development of the

knowledge base, steps 3-5 are performed cyclically.
To ensure the property of the intelligent system’s reflexivity,

in particular, the possibility of the analysis automating of the
history of the knowledge base evolution and generating plans
for its development, all activities related to the development of
the knowledge base must be specified in the same knowledge
base by the same means as the domain part. To solve this
problem, a formal ontology of the developers activity aimed
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at the development and modification of knowledge bases has
been developed. This model is based on the model of activity
of various subjects proposed in [41].

To organise the coordinated project activity on the creation
of knowledge bases within the framework of this ontology,
the roles of the participants in the development process (ad-
ministrator, manager, expert, developer), the classes of actions
performed by them, as well as the means for specifying the
mentioned actions are introduced. This model is considered in
more detail in [22].

The process of creating and editing the knowledge base of
the ostis-system comes to the formation of proposals for edit-
ing a particular section of the knowledge base by developers
and the subsequent consideration of these proposals by the
knowledge base administrators. In addition, it is assumed that,
if necessary, experts can be involved to verify the incoming
proposals for editing the knowledge base, and the management
of the development process is carried out by the managers of
the relevant knowledge-base development projects (see Figure
16). At the same time, the formation of project tasks and
their specification is also carried out with the help of the
mechanism of proposals for editing the relevant section of the
knowledge base. Thus, all information related to the current
processes of developing the knowledge base, history and plans
for its development is stored in the same knowledge base as
its domain part, i.e. the part of the knowledge base available
to the end user.

This approach provides wide possibilities for automating
the process of knowledge bases development, as well as
subsequent analysis and improvement of the knowledge base.

The developed method of coordinated construction and
modification of knowledge bases on the basis of a formal
ontology of project activity using reusable components allows
to ensure the correctness and consistency of the project activity
of developers directly in the process of using the knowledge
base. At the same time, the discussion and the reconciliation
process takes place in the same memory of the computer
system where the knowledge base is also stored.

C. Knowledge Base Development Tools

To reduce the complexity of the process of knowledge
bases development and reducing requirements for developers,
tools for automating the development of knowledge bases and
information support for knowledge base developers have been
built.

The tools of information support for developers are imple-
mented in the form of intelligent metasystem IMS (Intelligent
MetaSystem) [?], which is also built using OSTIS technology.
At each moment of time, the metasystem contains the models,
tools and methods of developing computer systems based on
OSTIS technology that have been accumulated and formalized
to date. All the models, methods and tools presented in this
dissertation work are formally described in the knowledge base
of this system. In this way, it is possible to continuously update
these results.

Tools of knowledge bases development automation are
implemented in the form of a system for the knowledge
bases collective development support. An important aspect of
supporting the creation of knowledge bases is to support the
activity of knowledge base developers directly in the process
of operating the system being developed. Thus, the system for
supporting the collective development of knowledge bases is
built in as a subsystem in each system being developed.

Based on the analysis of similar tools (Protégé [42], Co4
[43], NeON [44], etc.), the following additional requirements
were formulated for the functionality of the system for sup-
porting the collective development of knowledge bases, taking
into account the needs of developers of knowledge bases and
the identified shortcomings of the analogues considered:

• providing the possibility of both manual and automatic
editing of knowledge bases;

• ensuring the possibility of automatic verification of the
knowledge base, including the analysis of the correctness
and completeness of the knowledge base;

• ensuring the possibility of creating a knowledge base by
a distributed team of developers, including a mechanism
for reconciling changes to the knowledge base, as well as
a mechanism for storing the history of changes introduced
with authority specification.

The implementation of these capabilities implies the refusal
to work with the source code of the knowledge base. In this
case it is assumed that all changes are made directly to the
memory of the system, where the entire knowledge base is
stored, which makes it possible to develop the knowledge base
of the computer system in the process of its operation.

As it was said before, the system of support of collective
development of knowledge bases is constructed as an ostis-
system and has the appropriate architecture (figure 17)

The semantic model of the knowledge base of the system of
support of collective development of knowledge bases includes
sections containing all the knowledge necessary to support the
development and evolution of the knowledge base:

• a set of top-level ontologies that are necessary for the
functioning of the support system for the process of
developing knowledge bases and are the basis for building
the knowledge bases of the systems being developed;

• formal ontology of the subject domain of activities aimed
at the development and evolution of knowledge bases,
including a description of the typology of the knowledge
bases developers roles, the classification of developers’
actions, as well as formal means of specifying proposals
for editing the knowledge base;

• ontology of the subject domain of problem structures in
knowledge bases, that is, structures that describe incom-
plete, incorrect or excessive information in the knowledge
base;

• tools of specifying changes and transient processes in the
knowledge base.

Tools for processing the knowledge base of the system
of support of collective development of knowledge bases is
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Figure 16. The mechanism for knowledge base fragments coordination

Figure 17. Architecture of the system of support of collective development
of knowledge bases

a group of agents [45], each of which automates actions
belonging to one of the knowledge bases developers actions
classes discussed above. The tools for knowledge processing
includes the following agents:

• class of agents for the verification of knowledge bases;
• class of knowledge base editing agents;
• class of automation agents for the activity of the knowl-

edge base developer;
• class of automation agents for the activity of the knowl-

edge base administrator;
• class of automation agents for the activity of the knowl-

edge base manager;
• class of automation agents for the activity of the knowl-

edge base expert;
• class of agents for calculating the characteristics of the

knowledge base.

The user interface of the system of support of collective
development of knowledge bases is represented by a set of in-
terface commands that allow developers to initiate the activity

of the required agent that is part of this system [40]. This
set completely corresponds to the above set of the knowledge
processing agents.

The developed tools for automating the process of build-
ing and modifying knowledge bases implement the proposed
method and ensure coordination, verification and editing of
knowledge base fragments directly in the process of their
using.

VI. CONCLUSION

The proposed models, methods and tools were used to
develop the knowledge bases of a number of systems, in
particular, the IMS metasystem, as well as a number of applied
intelligent reference systems in various subject domain, such
as geometry, discrete mathematics, numerical models, chem-
istry, etc. , as well as in the development of a prototype of the
batch production enterprises automation system [46].
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СЕМАНТИЧЕСКИЕ МОДЕЛИ, МЕТОД И
СРЕДСТВА СОГЛАСОВАННОЙ РАЗРАБОТКИ
БАЗ ЗНАНИЙ НА ОСНОВЕ МНОГОКРАТНО

ИСПОЛЬЗУЕМЫХ КОМПОНЕНТОВ
И.Т. Давыденко

Белорусский государственный университет
информатики и радиоэлектроники

г. Минск, Беларусь

База знаний является ключевым компонентом такого
класса компьютерных систем, как системы, основанные
на знаниях, разработка которых является одним из
перспективных направлений в области искусственного
интеллекта. Качество разрабатываемых систем такого
класса определяется, в том числе, качеством базы зна-
ний и разнообразием видов знаний, хранимых в ней.

Расширение областей применения систем, основан-
ных на знаниях привело к необходимости поддержки
решения комплексных задач. Под комплексной задачей
будем понимать задачу, решение которой предполагает
применение формализованных знаний различного вида
и различных моделей их обработки, что, в свою оче-
редь, требует обеспечения совместимости и интеграции
используемых знаний, а также моделей их обработки.

Настоящая работа посвящена решению задач, свя-
занных с разработкой моделей методов и средств со-
здания баз знаний компьютерных систем, способных
решать комплексные задачи.
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