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I. INTRODUCTION
A. Goal and relevance

Nowadays there is urgent problem of effective information
support of various branches of human activity. Increasing of
the amount of information has caused creating knowledge
storages, providing structuring and systematization of stored
knowledge, as well as their effective processing.

One of the most promising directions in this field is devel-
opment of knowledge-based system [46]. A key component
of such systems is the knowledge base. The quality of ‘the
developed system of such type is defined including by the
quality of knowledge base and variety of types of knowledge,
stored in it.

Developing of knowledge base is a time-consuming and
lengthy process. Accordingly, there is urgent problem of re-
ducing time of development and ensuring of effectiveness of
life cycle support of knowledge bases.

There are following ways to reducing the time and decreas-
ing the laboriousness of knowledge bases development:

e ensuring joint development of knowledge bases by
distributed group of developers [12];

e automation of activity of knowledge bases developers;

e reusing of already developed knowledge bases frag-
ments [30], [36], [11, [47], [33], [7].

However, full automation of the process of knowledge base
development is impossible, because some steps, such as the
formation of a concepts system, require the agreed efforts of
a number of developers and experts and are subjective.

An important step of knowledge base development is
structuring. Structuring of knowledge base, i.e. selection of
various interconnected substructures in it is needed for a
variety of reasons [3]. In particular, it is necessary for didactic
purposes (for person, acquiring some knowledge, it is desirable
to have a kind of contents of this knowledge, that allows to
schedule its assimilation and consider it with varying degree
of detail), as well as for organizing of the distribution of
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tasks of knowledge bases design (when various implementers
are entrusted development of various fragments of knowledge
bases, with enough clear boundaries).

The goal of this work is the development of a unified
semantic models of knowledge bases and tools of their col-
lective development, based on the ontological structuring of
knowledge base, that allows to decrease laboriousness and time
of their development and modernization.

B. Problems for achieving goal

Among problems in the field of knowledge bases develop-
ment are following:

e Lack of tools of unification of all types of knowledge
and models of knowledge representation in a single
knowledge base.

e Lack of formal tools of structuring, enabling the
knowledge base to be presented on different levels of
detailing.

e Lack of a unified approach to the selection of reusable
components of knowledge bases and formation of
components libraries, which leads to the large number
of incompatible already developed components of
knowledge bases. [33]

e Laboriousness of modernization of knowledge bases
and their support is high (some changes, made in
knowledge base can cause the necessity of substantial
changes in knowledge base structure).

e  Despite there are a lot of well-developed tools for
design of knowledge bases, still there are no tools to
ensure complex support for the development team on
the all stages of knowledge base design, which are,
in its turn, enough flexible and extensible. Besides,
all existing tools are generally oriented at any specific
knowledge storage format, which makes complicated
the transfer of already developed knowledge base on
another interpretation platform.

C. The analysis of modern approaches to achieving the goal

Nowadays, there are several models of knowledge repre-
sentation, however most of them can be reduced to four basic:
semantic networks, frames, productional and logical model [2].

However, each of said knowledge representation models is
adapted to specific kinds of knowledge representation, while
creating of intelligent systems often requires representation of
various kinds of knowledge in a single base, which can not be



provided by any of the models above, taken individually. [15],
[13] Hence there is a necessity of creation a universal model
of knowledge representation, which would allow to represent
any kinds of knowledge in a unified manner.

The key moment in the process of knowledge structuring
is formation of system of basic concepts of subject domain.

[3].

Nowadays, during the process of development of
knowledge-based system, widespread use of the W3C con-
sortium standards [43]. Its mission is the development of
standards in the field of Semantic Web [43], [25]. In particular
language for ontologies description OWL [39] and knowledge
representation language in the form of semantic networks RDF
[40] were developed by consortium. Also effective knowledge
base storages based on RDF were developed ensure storage
and access to data by means of the query language SPARQL
[42]. To edit ontologies a large number of editors was created,
which have a fairly broad functionality [38].

However, despite the development of the Semantic Web
project and related means, a significant part of the resources of
Web still contains no semantic markup and metadata. Semantic
resources that are developed on the base of Wiki-Technologies
[44] are exceptions and are becoming increasingly popular.

Wiki-technology allows to accumulate knowledge, which
are presented in interoperable form, providing knowledge nav-
igation. Using Wiki-technology is possible for projects of any
scale and thematic focus (from open electronic encyclopedias,
to reference systems of different companies and educational
institutions) [21].

Wiki-technology provides its users tools for storage, struc-
turing text, hypertext, files and multimedia. Wiki-technology
uses MediaWiki platform as a tool [37], which allows to per-
form information interaction, provides access to information
resources of all participants in the system development process,
organize, manage and oversee the development process. [6]
Among advantages of this technology can be distinguished
simplicity of wiki-marking, communication capabilities, which
are implemented through co-authoring pages editing as well as
by electronic discussions on the wiki or other environments,
such as chat or forum, project nature of the work, cooperation,
formation of a single product of joint activity provide a
meaningful engagement, knowledge sharing, evaluation and
continuous improvement of work [21].

Influence of Semantic Web for such projects is constantly
increasing, so that the engines of Wiki-sites were created,
which support the ontological knowledge representation and
semantic markup resources, by Semantic MediaWiki tools
[41]. These tools allow to include semantic annotation to Wiki-
markup in the form of OWL and RDF and to separate explicitly
structured and unstructured information. [21].

Besides these advantages, Wiki, as technology, has several
disadvantages: duplication of information on different pages,
the impossibility of knowledge structuring due to lack of
hyperlinks hierarchy and lack of unification of data represen-
tation, lack of possibility of automatic verification.

In this paper, the idea of Wiki technology has been used,
but has been attempted to eliminate these problems.
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To the problem of development and structuring knowledge
bases the following research were focused on:

e Knowledge Base and Knowledge Management [2], [3]

e  Fractal model of knowledge structuring, based on the
representation of different forms (species) of knowl-
edge as objects layered (stratified) space [19]

e  Technology of development engineering knowledge
source providing performance of complex engineering
calculations [8]

e  AT-Technology [23]

e  Technology of development of intelligent cloud ser-
vices based on IACPaaS platform - Intelligent Appli-
cation, Control and Platform as a Service [9]

e  Technology of sources development of scientific
knowledge [13], [14]

Nowadays, a large number of knowledge bases on a variety
of subject domains was developed [29]. However, most of them
are not well-structured, consistent and compatible with each
other.

D. The principles underlying the proposed approach to
achieve this goal

At the proposed models are following basic principles of
open semantic technology of intelligent systems design OSTIS
(Open Semantic Technology for Intelligent Systems) [34]:

e using of the ontological approach to the knowledge
bases design, which involves structuring of knowledge
bases, based on ontologies;

e  phased evolutionary knowledge bases design;

e focus on team-oriented knowledge base design in the
project;

e focus on semantic knowledge base representation;

e unification of knowledge bases models of intelligent
systems;

e modular design based on libraries of typical reusable
components.

OSTIS technology is focused on the development of
knowledge-driven computer systems - systems, each of which
is based on knowledge base, presented in a unified way,
which contains all the information, used by the system, in a
systematic way [4]. As part of paper, knowledge-based system
developed using OSTIS Technology, is called ostis-systems.

E. The tasks that must be solved for implementation of the
proposed approach to achieve the goal

To solve the above problems is required to solve the
following tasks:

e develop a unified semantic models of representation
of different types of knowledge, based on ontologies;

e develop ontological models of knowledge bases struc-
turing;



e develop ontological models of team knowledge base
design;

e develop support subsystem of team knowledge bases
design, including automation of developers’ activities,
tools for editing of knowledge bases, tools for automa-
tion of verification of knowledge bases.

II. THE ONTOLOGICAL MODEL OF THE KNOWLEDGE
BASE

In this paper it’s proposed to use as a formal basis for
knowledge representation method of knowledge representation
in the form of semantic networks with the basic set-theoretic
interpretation, allowing to describe as knowledge relating to
the subject domain (including meta-knowledge and a simple
transformation from knowledge to meta-knowledge), so as pro-
cessing procedure. This method is the base on Open semantic
technologies of intelligent systems (OSTIS). Thus it was devel-
oped a method of such semantic networks encoding - SC-code
(Semantic Code). Elements of such a semantic network are
called sc-nodes and sc-connectors (sc-arcs, sc-edges). Using
this approach to knowledge representation due to its versatility
and possibility of unlimited transformation from knowledge to
meta-knowledge and number of other advantages [4], [5].

As mentioned above, one of the key principles in the design
of knowledge bases using OSTIS Technology is using of the
ontological approach.

Nowadays ontologies are the most effective tools of for-
malizing and structuring various fields of knowledge [32].
This approach is used in most modern solutions of problem
of intelligent systems development and their components de-
velopment. [32], [31], [35], [36], [45], [3], [7], [8], [12], [16],
[18], [20], [22], [24]. The purpose of the ontology - to form the
conceptual basis of the subject domain, therefore, ontologies
are backbone of any knowledge base and are used for the
integration of different knowledge bases and their parts.

The ontological approach to the design knowledge base
includes development of:

e ontological model of developed artifact, ie, ontologi-
cal model of the knowledge base

e ontology project activities, aimed at knowledge bases
development, ie, formal description of the method of
knowledge bases design.

e ontological model of tools for support of knowledge
bases design, ie, formal description of model of the
support subsystem of knowledge bases design.

Knowledge base of ostis-system is finite information struc-
ture, which is a formal representation of all knowledge, suffi-
cient for the functioning of a computer system and stored in
the memory of the system. [4].

Precise separation of the design process of the formal de-
scription of the semantic model of developed knowledge base
from the implementation process (interpretation) of the model
on one or another platform is a basic of knowledge base de-
velopment using OSTIS technology [4]. The advantage of this
approach to the design of knowledge bases is independence of
such an implementation from the platform, ie, developing only

59

semantic model of knowledge base, it is possible to implement
this model on different platforms without changing the model
itself. Formal model of knowledge bases, presented in SC-code
will be called sc-models of knowledge bases.

Knowledge base of intelligent system, presented in the
form of well-constructed semantic network of the specified
form, eliminates duplication of information in such knowledge
base.

As mentioned earlier, one of the ways to reduce labor costs
in the development of knowledge bases is to organize their
team design. An important task is to ensure coordinated work
of the development team. In this paper, this task is also solved
with use of ontological approach.

The essence of the ontological approach in knowledge
base design is to consider structure of knowledge base as
a hierarchical system of selected subject domains and their
respective ontologies, such as ontology classes of solving tasks
that allows to reduce search area of ways to a particular
problem, limiting it by specific subject domain. This is true
both in the case of solving tasks by system automatically, and
in the case of performing design tasks by developers. In the
second case, this approach helps to minimize the dependence
of development process of some knowledge base components
from others. In those cases, where the process of solving a
problem involves concepts from different subject domains, is
required coordination of these concepts. One of the problems
in the formation of the structure of the specific knowledge
base and set of subject domains is to minimize these kinds
of cases. Besides, a significant advantage of using ontologies
in knowledge bases design is the ability to reuse already
developed knowledge base components, which also reduces
the time of development of knowledge bases.

Thus, the main problem of knowledge base design using
the proposed approach is to identify subject domains so
that they minimally depend on each other and allow relatively
independent evolution of each fragment of knowledge base that
describes the relevant subject domain and its ontology.

During the development of a formal model of a subject
domain it’s necessary to remember that despite the fact that it is
always possible to find a connection between any two entities,
it is necessary to abstract from some of the connections
considered the subject domain, which are not essential in the
task. It is necessary to take into account the sufficiency of the
conditions for solution of certain problems, without breach of
integrity of knowledge base.

An explicit denotation of fragments of knowledge base
for agreement with the development team, greatly reduces the
effort required during the development of knowledge bases,
as developer knows which it’s necessary to coordinate with
the others, and which parts of the knowledge base is area of
responsibility of developer.

One of the distinguishing features of knowledge bases
design within OSTIS Technology is the development of a
knowledge base is reduced to development of its model pre-
sented in SC-code (sc-model of knowledge base).

Further, the model is interpreted on one of the platforms
of sc-models interpretation, additional adaptation of the de-



veloped model to the features of a particular platform is not
required.

Consider the structure of sc-model of knowledge base of
ostis-system, which is researching in the Subject domain of
sc-models of knowledge bases:

sc-model of knowledge base

= unified semantic model of knowledge base
€ section of knowledge base

<= basic decomposition*:

o the subject part of the knowledge base

e context of subject of knowledge base of the Global
Knowledge Base

e documentation of the computer system

e history and current processes of computer system
operation

® history, current processes and computer systems
development plan

}

subject part of the knowledge base contains all the
information about subject domain (or several related domains
within the same knowledge base) [11], for which is this or
that knowledge-based system (eg - Help System). Examples
of such sections are Documentation OSTIS or Documentation.
Euclidean Geometry

context of subject of knowledge base of the Global
Knowledge Base contains a specification of the objects, which
are not studied directly in the subject part of the knowledge
base of the system, but have the attitude to it, that is, referred to
in the description of any of concepts researching in the subject
part of the knowledge base. For example, for IMS system it
can be such concepts as artificial intelligence or intelligent
system, for Euclidean Geometry system - historical reference
of the life of Euclid, mathematics, etc.

Section documentation of the computer system contains
documentation of ostis-system, at least, specification of its
knowledge base, knowledge processing machine [26] and
interface, as well as all the necessary guidance to ensure the
opportunity to learn how to use the system.

history and current processes of computer system operation
<= basic decomposition*:

e history of operating computer system

® current processes of computer system operation

}

Section history of operating computer system stores the
history of the system dialogue with its users, ie the specifica-
tion of all the actions carried out (already become past entities)
by system in order to satisfy the information needs of users,
including answers to questions and the implementation of the
transformation in the knowledge base including sequence of
the actions and result. If necessary, a part of such descriptions
can be removed, for example, after timing expiration.

There are specifications of all actions executed by
ostis-system at the moment (included in the set of real entities)
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in current processes of computer system operation section, as
well as all temporary structures generated by sc-agents during
the process and has not yet been deleted. After performing the
actions of their marks and specifications are transferred to the
section of the history of operation of the computer system.

history, current processes and computer systems
development plan
<= basic decomposition*:
{
e structure and organization of computer system project
e history of computer system development
e current processes of computer system development
e plan of computer system development

Structure of the project, aimed at developing ostis-system,
including its sub-projects and specified the role of developers
responsible for each project describes in section Structure and
organization of computer system project.

Specification of project activities carried out during the
development of the system (the last entity), with the obligatory
indication of the performers, consistency and performance
results are stored in section of history of computer system
development.

There are specifications of approved and initiated project
actions executed by developers of the system at the moment
(real entities), with the obligatory indication of the performers,
the sequence and target of performance, as well as all the
information that describes suggestions for subject part of the
knowledge base and history of operating computer system
editing and its discussion by administrators, managers and
experts in section of current processes of computer system
development.

There are specifications of the project actions which have
been approved to execution, but not yet executed for any rea-
son, as well as all theinformation that describes the proposals
for editing of history, current processes and computer systems
development plan section and its discussion by administrators,
managers and experts in plan of computer system development
section.

III. STRUCTURING OF KNOWLEDGE BASE

One of the most common (in terms of semantics speci-
fication) concepts for describing of properties of any object
is the concept of structure, considered in Subject domain of
Structures.

Each structure is a set of sc-elements, removing one of
which leads to breach of integrity of the set.

Concepts that describe roles of the elements in the structure
have been introduced for formal representation of structures:

element of structure’
<= partitioning *:
e non-represented set’
o fully represented set’
e partially represented set’



e structure element, which is not set’
<= partitioning*

o maximal set’

e non-maximal set’

}

A series of correspondences® such as homomorphism*,
polymorphism*, automorphism¥*, isomorphism*, structures
analogy*, etc. can be defined on the structures.

More detailed Subject domain of structures is considered
in paper [11].

Within knowledge base will be selected semantically mean-
ingful structure, which have a semantic integrity. These struc-
tures will be called knowledge.

Within Subject domain of knowledge were identified
following types of knowledge, which are considered in [11]:

knowledge

sc-knowledge

Set of all possible knowledge
sc-knowledge or holistic fragment sc-knowledge
structure

semantic neighborhood

D comparison

D factual knowledge

D section

D subject domain

D ontology

D task

D program

D plan

D solution

D statement

D definition

-
D

Important relation, defined on the set of knowledge, is the
relation to be meta-knowledge™ that describes transformation
from knowledge to meta-knowledge describing their [2].

For specification of individual entities within knowledge
base we introduce the concept of semantic neighborhood,
which is considered in Subject domain of semantic neigh-
borhoods.

semantic neighborhood - is knowledge, which is a speci-
fication (description) of an entity which sign is a key element
of the knowledge. Note that each semantic neighborhood as
opposed to other kinds of knowledge has the only one key
element (the key sign, sign of described entity). Also note
that a variety of types of semantic neighborhoods shows the
variety of semantic kinds of descriptions of the various entities.
Typology of semantic neighborhoods discussed more detail in
paper [11].

As mentioned above, one of the key concepts in determin-
ing the structure of knowledge base is a subject domain.

Subject domain - is the most important kind of knowledge
that is part of semantic space [4]. Each subject domain focuses
on the description of connections the relevant class of research
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objects. Each sign, which is part of the knowledge base, should
belong to (be part of) at least one subject domain, performing
a role in it. Each subject domain can be associated with:

e  set of semantic neighborhoods, describing researching

objects of this subject domain;

e family of various types of ontologies that describe

properties of the concepts of this subject domain.

Subject domains are the basis for structuring of the seman-
tic space, localization tool, focusing on the properties of the
most important classes of described entities, which are classes
of objects of research in subject domains.

Consideration of the structure of the knowledge base in
relation to the subject domain allows to consider objects of
research on different levels of detail. Detail of consideration of
researched objects can be carried out as within original subject
domain, to the independent system, but related between each
other subject domains.

Following conditions are fulfilled, during the transition
from subject domain to its model, presented in the form of
a semantic network:

e cach element of subject domain one-to-one correspon-

dence denoting its element of semantic network;

each signature-based element of subject domain one-
to-one corresponds either indicating its key node of
semantic network or indicating element of alphabet of
semantic network.

For a description of the formal model of subject domain in
knowledge base, let’s consider the Subject domain of subject
domains and its ontology. The composition of Subject domain
of subject domains include structural specification of the
subject domains, included in knowledge base of ostis-system,
including Subject domain of subject domains itself. Thus,
Subject domain of subject domains, at first, is a reflexive set,
secondly, reflexive subject domain, that is, subject domain, one
of the objects of research is itself.

In terms of representation in the knowledge base, there
is any subject domain is a result of integration (association)
partial semantic neighborhoods, describing all the investigated
entity of a given class and have the same (common) subject
of research (ie the same set of relations, which should include
connectors, included in integrable semantic neighborhoods).

The concept of subject domain is the most important
methodological techniques to select from the World only a
certain class of the researching entities, and only a certain
family of relations defined on the specified class. That is done
localization, focusing only on that, abstracting from the rest of
researching world [4].

Any subject domain from the formal point of view is a
structure.

More detailed relations that define the role of elements in
subject domain considered in papers [4], [11].

On Figure 1, the example of fragments of structural spec-
ifications of Subject domain of triangles, Subject domain of
rounds and circles and Subject domain of inscribed planar



figure shows the principle of correlating concepts with subject
domains. The figure shows that the concept of a triangle,
right-angled triangle, equilateral triangle, obtuse triangle, an
isosceles triangle, the median ratio*, congruence*, bisector*,
side* and the concept of the area are the key to the Subject
domain of the triangles. However, the concept of the triangle
and areas are studied in other subject domains (Subject domain
inscribed planar figures and Subject domain of rounds and
circles) and performing other roles in them. Accordingly,
during knowledge base process developers have to take into
account the requirement of coordination concepts triangle and
area.

Following set-theoretic relations can be defined on the
set of subject domains: inclusion * union®, intersection*,
decomposition*, homomorphism¥*, isomorphism *, as well as
the special relations, which domain is set of subject domains.

particular subject domain* - binary oriented attitude, used
to specify a hierarchy of domains by transforming from less
detailed to more detailed consideration of the researching
concepts. An example of a hierarchical structure of subject
domains is shown on Figure 2 by the example of the structure
of Subject domain of Euclidean geometry.

Particular subject domain can be selected according by two
criteria:

e  particular subject domain by primary elements class*
- restriction of the subject domain in the class of
primary elements;

e  particular subject domain by researching relations*
- restriction of subject domain by the subject of
research.

Connections of relations unrelated subject domains™ con-
nects two subject domains that have common elements, but
are not related by relation particular subject domain*.

Considered above relations are special case of the relation
meta-knowledge*.

Each ontology is a specification of subject domain, ie,
specification of a system of concepts used in this subject
domain. The concept of ontologies discussed in the Subject
domain of ontologies.

The relation between subject domain and its ontology is
defined by relation ontology*, which is a special kind of meta-
knowledge* relation.

Depending on the considered properties of concepts of
subject domain, that are described in the ontology, distinguish
the following types of ontologies:

e  structural specification - is ontology, which describes
the role of concepts included in the subject domain,
as well as connections of specifiable subject domains
to other subject domains

e  set-theoretical ontology - is ontology that describes
the set-theoretic relations between the concepts of sub-
ject domain (inclusion, partition, union, intersection,
set difference, domain, domain name, function)

e logical ontology - is ontology, which is a description
of the system of statements of given subject domain
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o logical hierarchy of concepts - is ontology is built
on the logical ontology, including the description of
system of definitions of concepts for a given subject
domain, indicating a set of concepts, through which is
determined each defined concept of subject domain

o logical hierarchy of statements - is ontology is built
on logical ontology includes description of system of
the subject domain, indicating a set of statements,
through which can be proved every statement

e terminological ontology - is ontology that describes
the system of major and minor terms (names, external
symbols) corresponding absolute concepts and rela-
tions of a given subject domain, as well as description
of the rules of terms construction for entities that are
members (instances) of these concepts and relations

e ontology of tasks and solutions - is ontology that
describes the problem and their classes solved in the
subject domain

e ontology of task classes and solution methods - is an
ontology that describes ways to solve problems and
their classes within the subject domain. It is built on
the ontology of problems and classes of problems

e integrated ontology - is ontology, combining all on-
tologies of different kinds of a certain subject domain

To provide formal representation in the knowledge base of
different kinds of knowledge has been selected a number of
subject domains and their ontologies. Data of ontology refers
to the top-level ontologies [45], because they are basics for
structuring and description of all kinds of knowledge.

These subject domains include:

e  Subject domain of entities

e Subject domain of sets

e  Subject domain of connections and relations

o  Subject domain of parameters and values

o  Subject domain of numbers and numerical structures

e  Subject domain of logical formulas and logical on-
tologies

L etc.

IV. THE ONTOLOGICAL MODEL OF TEAM OF
KNOWLEDGE BASES DESIGN

In this section, we consider Subject domain of activities
aimed at the development and evolution of the knowledge
base and its ontology. Objects of research of this subject
domain are the processes of sc-models design of knowledge
bases of ostis-systems. It is important to build it in such a
way as to minimize the complexity of the design process,
at the same time, ensuring the high quality of the developed
knowledge bases.

The process of development of sc-model of knowledge base
of ostis-system is the formation of proposals for editing of a
knowledge base section by developers and the review of these
proposals by administrators, if necessary - by experts, as well
as in individual cases by managers of corresponding projects.
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right triangle
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Figure 1. Specification of subject domains

A. Typology of developer of ostis-systems
Consider typology of users of ostis-system.

All users of any ostis-systems are divided into registered
users* and unregistered users*.

user*
= user of ostis-system*
€ binary relation
€ non-role relation
<= partitioning*:
{
e unregistered user*
e registered user*

}

unregistered user* - a binary relation which connects
ostis-system and sc-element denoting a person who does not
pass the registration process in the system.

Unregistered user has read access to the subject part of the
knowledge base of ostis-system. This type of user can work

triangle

researching relation’

Ei'nscribrfon" ﬁ

maximal class of researching objects’

“ //,»9

planar geometric figure
Subject domain of inscribed planar figures

with ostis-system in operation mode, ie, can only ask questions,
addressed the subject part of the knowledge base (ie the subject
tasks).

registered user* - a binary relation which connects ostis-
system and sc-element denoting a person that has passed the
registration process in the system.

Registered user has read access to the whole knowledge
base and making suggestions to the whole knowledge base,
can perform the role of the finite user of ostis-system, ie work
in the mode of operation and the role of its developer. At the
same time independent of the role performed by a particular
user, it may make an offer to edit any part of the knowledge
base, which, depending on its level will either be accepted
automatically, or will be considered separately.

Other user type is selected among the registered users -
developer.

developer™ - a binary relation that relates a knowledge base
section of ostis-system (in the limit - the whole knowledge
base) and sc-element denoting a person, which may be a
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Subject domain of Euclidean geometry

lprim_se subject domain*

Subject domain of geometric points

‘pri vate subject domain*

Subject domain of lines
lprit'rx.‘:e subject domain®

Subject domain of planar geometric figures

+pﬁ']':l't1£3 subject domain*

Subject domain af rectilinear geometric figures
ivate subfect domain*
¢pn1

»
Subject domain of planar angles
#Jrivare subject domain®
=

Subfect domain of polygons

i QS’ubjecr domain of triangles
g!privam subject domain *

:{J!ubjeﬂ demain of quadrilaterals

IPH."M" subject domain® [ Pubject domain of parallelograms

Subject domain af rectangles
T ‘Subject domain of rounds and circles

lprit'ate subject domain*

-

Subject domain of inscribed planar figures

* Subject domain af non planar angles

" private subject domain®

—Q
ubject domain of geometric bodies
I_T—_. O,S'ubjgcf domain of polyhedrons and their surfaces
eim'i-t'ate subject domain*
Igl—_> O,S'ub_j'ect domain of rotation bodies and their surfaces

-
1‘ Subject domain of geometric surfaces
1}1?1:1."!‘.'.56 subject domain™

-

Subject domain af geometric figure congruence

Figure 2. Hierarchical structure of Subject domain of Euclidean geometry

developer of the knowledge base section, i.e. perform design Among developers selected such roles as administrator™,
tasks under this section. manager* and expert*.

Besides ostis-system operation developer* can make pro-
posals for editing of any part of the knowledge base, adding
comments to the proposals for editing of knowledge base.
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Figure 3. Ontologies of Subject domain of rectangles

developer*

=> inclusion*:
o administrator*
e manager*
® cxpert®

administrator® - a binary relation that relates a section of
knowledge base of ostis-system (in general case - the whole
knowledge base) and sc-element denoting the person who is
an administrator of the knowledge base section.

There are tasks of administrator*:

e  control of the integrity and consistency of the whole
knowledge base;

e definition of access levels of other users;

e decision making the acceptance or rejection of propos-
als in different parts of the knowledge base, including,
if necessary, send them for examination;

e independent making changes in different parts of the
knowledge base through using editing command (in
this case the changes are automatically made out as
suggestions and are recorded in history of ostis-system
development).

manager* - a binary relation that connects a knowledge
base section of ostis-system (in general case - the whole
knowledge base) and sc-element denoting the person who is
the manager of the knowledge base section.

Tasks of manager* are:

e planning of capacity of work on knowledge base
design;

e detailed division of tasks into subtasks, directly for-
mulation of project objectives, setting performers of
project objectives;
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e  setting priorities and timing of work on design of
knowledge base;

e  control the timing of performing of project objectives.

manager* makes changes to the part of the section describ-
ing the project tasks, using the appropriate editing command
(in this case the changes are automatically made out as
suggestions and are recorded in section project of ostis-system.
History, current processes and development plan ostis-system).
Thus, the manager* is administrator* of section history,
current processes and plan of computer system development.

expert * - a binary relation that relates knowledge base
section of ostis-system (in general case - the whole knowledge
base) and sc-element denoting the person who is an expert of
the knowledge base section.

Tasks of expert* are:

e  verification and testing results of the implementation
of project tasks;

e if necessary, an expert can add comments to any
fragment of knowledge base regarding to its correct-
ness. All comments fall into plan of computer system
development.

B. Typology of actions of knowledge base developers

During the development process of sc-model of knowledge
base of ostis-system, each of the users participated in design
uses a specific set of commands. Each command corresponds
to a certain class of actions in sc-memory [28]. All these
actions are combined into a common class action of developer
of unified semantic models of knowledge bases, which
are considered in Subject domain of activities aimed at the
development and evolution of knowledge base [10].

Consider the typology of such actions:

action of developer of unified semantic models of
knowledge bases
<= inclusion*:
action in sc-memory
=> inclusion*:
e action of expert of knowledge base
e action of administrator of knowledge base
e qaction of manager of knowledge base
e action of developer of knowledge base

action of developer of knowledge base
=> inclusion*:
e action form project task proposal
e action.form new fragment for inclusion in knowledge
base

action of developer of knowledge base* can be performed
by any registered user* of ostis-system, including, if necessary,
administrator or manager.

action. form knowledge base editing proposal
=> inclusion*:

e action. form project task proposal

e action. form project task executor proposal



<= inclusion*:
action of developer of knowledge base

It is supposed that in the case of approval of the proposal,
this structure will be integrated into the appropriate section
of knowledge base, and, if necessary, action will be initiated,
which signs are included in its composition. The process of
formation of the structure can be automated using appropriate
commands.

Number of classes of actions that are executed only by
developers who have additional levels of responsibility, ie
administrator®, manager* and expert* of knowledge base is
highlighted among actions of ordinary developers. It includes:
action. approve knowledge base editing proposal and action.
to reject the proposal for editing knowledge base that can
be performed by expert, manager and administrator of the
knowledge base, depending on the additional conditions.

action of administrator of knowledge base
=> inclusion*:
e action. consider knowledge base editing proposal
=> inclusion*:
e qaction. consider new project task
e action. consider proposal verification result
e action. form task of proposal verification
e qaction. approve proposal verification result
e qaction. reject proposal verification result

action of manager of knowledge base
=> inclusion*:
e action. form project task proposal
e action. consider project task proposed executor
=> inclusion*:
action. consider new project task

action of expert of knowledge base
=> inclusion*:
e qaction. verify given structure
e action. reject verifying proposal
e qaction. approve verifying proposal
e action. form task of proposal verification result
considering

C. Means of proposals specification for editing of knowledge
base

Consider the number of relations that are used for speci-
fication of actions of developers of sc-models of knowledge
bases and structures that describe the proposal for editing
the knowledge base and researching in Subject domain of
activities aimed at the development and evolution of the
knowledge base.

proposal* - a binary relation that connects the sign of
action. consider knowledge base editing proposal and the sign
of the structure, which describes the proposal of editing, for
example, contains a fragment for inclusion in the current state
of knowledge base.

approved* - a binary relation that connects the sign of
action for consideration of any proposal for editing knowl-
edge base and sign of user of ostis-system, which approved
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(endorsed) this action. Typically, this administrator® or expert*
of corresponding project.

rejected* - a binary relation that connects the sign of action
for consideration of any proposal for editing the knowledge
base and sign of user of ostis-system, which dismissed the ac-
tion. Typically, this administrator* or expert™ of corresponding
project.

new version* - a binary relation that connects sign of
structure that describes a proposal for editing the knowledge
base and the sign of structure denoting the version of the
proposal after its completion by performer. The presence of
such a connection simplifies and speed up the re-testing of
proposals for editing the knowledge base.

D. Tools of the specifications of transients in the knowledge
base

During the process of its evolution, the knowledge base is
undergoing significant changes. There are the most problematic
following changes among these types of are:

1)  The knowledge base is required to override already
entered and used the concept.

Consider the situation in the following example.
There is concept square in geometry knowledge base
in the Subject domain of quadrilaterals. This concept
has been defined through the concept of rectangle.
After some time, the domain expert considered that
the concept of the square must be defined through
the concept of a rhombus. The problem is that other
fragments of knowledge base and concepts related to
the concept of the square, should be brought into line
with the new concept defined by other concepts.

In this situation it is necessary to fix the status
of changing concept during the transition time of
knowledge base - the time when the full knowledge
base will be made all the necessary changes related
to the overridden concept.

2)  There is an alternative concept in knowledge base,
which eliminates using of another associated with it.
Example of this is the following.

Two sections of geometry knowledge base. Section.
Triangles and Section. Quadrilaterals developed by
different developers.

Concept side of triangle* was introduced in the
Subject domain of triangles, connecting a triangle
with segment, which is its side.

In Subject domain of quadrilaterals, in its turn, the
concept of side of quadrilateral* introduced connect-
ing rectangle with its side.

Subsequently, administrator of the section, describing
the polygons based on the principle of minimizing of
the key nodes of knowledge base has decided to in-
troduce a generalized notion of side of the polygon*.
e.g. the developers figure out the conclusion that two
previously introduced concepts are redundant, and
carry methodological character to define the concepts
described.

Following concepts are introduced to solve problems in the
situations described above:



concept
<= partitioning *:
{
e basic concept
® non-basic concept
e concept, turning from basic to non-basic
e concept, turning from non-basic to basic

}

Basic concepts are concepts which are widely used in
the system and can be key elements of sc-agents. The basic
concepts are also all undefined concepts.

Each non-basic concept must be strictly defined by the
basic concepts. Such non-basic concepts are used only for the
understanding and appreciation of input information, includ-
ing, for aligning ontologies. A key element of the sc-agents
may not be ron-basic concepts.

In the case where a concept completely turned from the
basic concepts to non-basic, that is, become non-basic concept,
and the corresponding basic concept (through which it is
defined) within ab external language there is the same basic
identifier with it, then it is added # sign in the front of non-
basic concept identifier. If these basic concepts have different
identifiers in this external language, no additional means of
identification is used.

In the case where the current basic concept and the
corresponding concept, turning from non-basic to basic the
same basic identifier in external language with non-basic
concept, then $ sign is added the to the basic. If these basic
concepts have different identifiers in this external language, no
additional means of identification is used.

V. THE ONTOLOGICAL MODEL OF SUBSYSTEM OF
SUPPORT OF TEAM KNOWLEDGE BASES DESIGN

OSTIS technology embodied in the form of Intelligent
Metasystem IMS (Intelligent MetaSystem) [34], which is also
built on OSTIS Technologies. At each time point metasystem
includes accrued and formalized models by this moment, tools
and techniques for design of intelligent systems using OSTIS
Technologies.

In general, the IMS system as the parent system interacts
with all its subsidiaries sc-systems (with systems built using
OSTIS Technology), ensuring the system will automatically
update subsidiaries versions of reusable components of OSTIS
[27]. Any subsidiary system based on OSTIS Technology acts
as an intermediary between the developer of the system and
IMS system: The developer can choose component based on
interest or set of components in one of the libraries and include
them in the developed subsidiary system.

Each reusable component of sc-model of knowledge bases
is a structure or explicitly represented in the current state of
sc-memory, or not fully formed structure, which if necessary
can be completely formed by combining its parts, indicated by
decomposition relations, such as a partitioning* or inclusion*
relations.

Integration of reusable component of sc-model of knowl-
edge bases into the subsidiary system is reduced to gluing key
nodes by identifiers and elimination of possible duplications
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and contradictions that could arise if the developer of sub-
sidiary system manually made any changes in its knowledge
base.

The main types of reusable components of knowledge
bases stored in the library components of knowledge bases,
include:

e ontologies of various subject domains that can be dif-
ferent in content, but must be semantically compatible;

e  basic fragments of theories, corresponding to different
levels of user’s knowledge: from basic school level to
the professional;

e semantic neighborhood of different entities;

e  specifications of formal languages descripting various
subject domains.

To ensure semantic compatibility of knowledge bases com-
ponents, which are unified semantic models, it’s required:

e to approve semantics of all used key nodes;

e to approve basic identifiers of the key nodes used in
different components. After that, the integration of all
the components that are part of the library, and in any
combination is carried out automatically, without the
intervention of the developer.

Another aspect of support of knowledge base design is
support of activities of developers of knowledge bases already
in the process of developing the knowledge base of subsidiary
ostis-system. For this purpose the support subsystem of knowl-
edge bases design team is used, tasked with information
and technical support of activities of the team of knowledge
base developers, including - ensuring the correct and effective
implementation of all stages of the envisaged method of
designing knowledge bases.

Ontological model of support subsystem of knowledge
bases design team includes:

e ontological model of knowledge base of support
subsystem of knowledge bases design team;

e ontological model of the machine processing of
knowledge of support subsystem of knowledge bases
design team,

e ontological model of the user interface of support
subsystem of knowledge bases design team.

Ontological model of knowledge base of support subsystem
of knowledge bases design team includes sections covering:

e set of top-level ontologies needed for the operation
of the subsystem itself and are the basis for the con-
struction of sc-model knowledge bases of subsidiaries
ostis-systems [27];

e typology of system developers, typology of actions of
developers, as well as the formal tools of specification
of proposals for knowledge base editing.

Ontological model of knowledge processing machine sup-
port subsystem of team knowledge bases design includes a
sc-agents of the following types:



Knowledge processing machine of support subsystem of
team knowledge bases design
€ non-atomic abstract sc-agent
<= abstract sc-agent decomposition*:
{
o Abstract sc-agent of knowledge bases verification
e Abstract sc-agent of knowledge bases editing
e Abstract sc-agent of automation of activity of
sc-model of knowledge bases developer
e Abstract sc-agent of automation of activity of
knowledge base administrator
e Abstract sc-agent of automation of activity of
knowledge base manager
e Abstract sc-agent of automation of activity of
knowledge base expert
e Abstract sc-agent of calculations of knowledge base
characteristics

}

Abstract sc-agent of knowledge bases verification - the
group of agents responsible for verifying the correctness and
completeness of the knowledge base.

Abstract sc-agent of knowledge bases editing - a group of
agents that provide automation knowledge base editing.

Abstract sc-agent of automation of activity of sc-model of
knowledge bases developer - the agents that implement the
mechanisms of interaction between the developer knowledge
base and design support subsystem.

Abstract sc-agent of automation of activity of knowledge
base administrator - agents that implement the mechanisms
of interaction between administrator of knowledge base and
design support subsystem.

Abstract sc-agent of automation of activity of knowledge
base manager - agents that implement the mechanisms of in-
teraction between manager of knowledge and design subsystem
design support.

Abstract sc-agent of automation of activity of knowledge
base expert - agents that implement the mechanisms of inter-
action between an expert of knowledge base and design support
subsystem.

Abstract sc-agent of calculations of knowledge base char-
acteristics - group of agents that implement the calculation of
quantitative and qualitative characteristics of knowledge bases.

User interface of system of support of knowledge base
design represented by a set of interface commands that allow
developers to initiate activities of required agent, which is a
part of this system. [17] This set of fully corresponds to set of
agents of knowledge processing machine considered above.

VI. CONCLUSION

In this paper we consider the ontological approach to the
design of knowledge bases based on knowledge representation
as a hierarchical structure of interconnected domains and
ontologies. Using this approach allows to:

e provide an opportunity for representation of all kinds
of knowledge within a unified platform-independent
knowledge base;
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e reduce the complexity and development time of
knowledge base design by:

ee cnable possibility of team development of
knowledge bases;

ee  minimize the number of agreements during the
process of team development;

ee using of reusable components of knowledge
bases;

ee using of unificated methods of design of
knowledge bases and their components;

e increase the clarity and learning level due to their
structuring.

The developed support system of knowledge bases design
team allows to automate the design, verification and optimiza-
tion of the knowledge base design process, reduce the number
of errors that occur and. their elimination time.

This work was supported by BRFFR-RFFR (®15PM-
074, ®16P-101), and also BRFFR-SFFRU (®16K-068).
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OHTOJIOTUYECKOE IIPOEKTNPOBAHNE
BA3 3HAHINU

Hasorimenko 1. T.

B macrositiiee BpeMst aKTYaJIbHOI sIBJIsIeTCs 3a/1at1a 3d-
dexTuBHOrO NHMOPMAIMOHHOTO 00ECIIEYeHNsT PABIIMIHBIX
oTpacJseil 1eJI0BedYecKOoil IedATeIbHOCTH. Y BeInIeHne 00b-
eMoB MH(MOPMAIIUU HTPHUBEJIO K HEOOXOJUMOCTH CO3IAHUS
XPAHUJIUIN 3HAHUHN, 00ECIedInBaIOINX CTPYKTYPU3AIIIO
CACTEMATU3AINIO0 XPAHUMBIX 3HAHUN, a TaKke X dDdeK-
TUBHYIO 06pabOTKY.

OjpauM 3 HamboJsiee MEPCIIeKTUBHBIX HAPABICHUN B
JIAHHOW OOJIACTH BJIETCS Pa3pabOTKa CHCTEM, OCHOBaH-
HBIX Ha 3HaHUAX [46]. KiroueBbIM KOMIIOHEHTOM TaKHX
crucTeM sBIIsieTcsa 0asa 3uHaHumit. KagecTtBo paspabarbiBae-
MOl CHCTEMBI TAKOI'O KJIACCa OIPEJIENISIETCS, B TOM YHCIIE,
KadecTBOM 0a3bl 3HAHWI W pasHooOpa3neM BUIOB 3HAHUIA,
XPaHUMBIX B HEil.

Paspaborka 6a3b! 3HAHUIT SIBJISIETCST TPYIOEMKIM U TTPO-
JOJIKUTEJLHBIM 1porieccoM. COOTBETCTBEHHO, AKTYAJIHHOM
SIBJISIETCSI 3a/1a1a, COKPAIIEHNsST CPOKOB Pa3pabOTKu u obec-
neueHns 3(HEKTUBHOCTH MTOMJIEPKKU YKU3HEHHOTO KA
6a3 3HaHmil.

MoKHO BBIIEUTD CJIEIYIONIAE IIYTU COKPAIIEHUS CPO-
KOB W CHUKEHUS TPYJOEMKOCTH Pa3pabOTKu 6a3 3HAHUIA:

e obecrieueHre COBMECTHOW pa3paboTku 06a3 3Ha-
HUI pacrpene/IeHHbIM KOJJIEKTUBOM Pa3padboTdn-
KoB [12[;

e  aBTOMATHU3AIUS JEITEJIbHOCTU Pa3paboTInKOB 6a3
3HAHU;

e  [OBTODHOE HCIIOJIb30BAHHUE YIKe pas3paboTaHHbIX
dbparmenros 6a3 suanuii [30], [36], [1], [47], [33],
[7].

O 1HaKo, IOJTHOCTBIO aBTOMATH3UPOBATDH IIPOIECC Pa3-
paboTKU 6a3bl 3HAHUN HEBO3MOXKHO, TIOCKOIBLKY HEKOTOPBIE
9Tallbl, TAaKWe, HAIPUMEDP, KaK (POPMUPOBAHUE CHUCTEMBI
MIOHSATHUI, TPeOYIOT COMIACOBAHHBIX YCHUJIUI HEKOTOPOI'o
qucsIa pa3pabOTYNKOB U IKCIIEPTOB U HOCIT CYObEeK TUBHBIIH
XapaxkTep.

Baxkapmv sTamom pazpaborku 0a3bl 3HAHUI SBJISETCS
ee crpykrypusanus. Crpykrypusanust 6a3pl 3HAHUIL, T.e.
BBIJIEJICHAE B HEH DPa3JINUHBIX CBI3aHHBIX MEXKJY COOOi
HOJACTPYKTYP HEOOXOAUMBI [0 IEIOMY Dsijy Hpudud [3].
B ugacTHOCTH, 9TO HEOOXOAMMO JIJIsl JIMJIAKTUIECKUX IieJIei
(4esIoBEKy, yCBaMBAIOIIEMY HEKOTOPBIE 3HAHUS, XKEJIATE b
HO WMETbh, CBOEr0 pOJia OIJIABJIEHWE 3STUX 3HAHU, 9TO
[TO3BOJIIET ILJIAHKPOBATh MX YCBOEHHE M PaCcCMaTPHUBATH
UX C Pa3/MYHON CTEIEHBIO JIETAJU3AINUN), & TAKKE s
OpraHu3aIy pacrpejieieHns paboT Mo MPOEKTUPOBAHUIO
6a3 3HAHWH (KOIJIa PA3HBIM WCIIOJHUTENSM IOPYIAeTCs
pa3paboTKa pas3sHbIX PParMeHTOB 6a3bl 3HAHUN, TMEIOIIIX
JIOCTATOYHO YETKUE IDAHUIIDI).
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Ilenbro mamHOM PAOOTHI ABJSETCS Pa3pabOTKA YHU-
GbUIMPOBaAaHHBIX CEMAHTUYECKUX Mojesieil 0a3 3HaHUi u
CPeJICTB UX KOJIJIEKTUBHOW DPa3pabOTKM, OCHOBAHHBIX Ha
OHTOJIOTMYECKO} CTPYKTypu3anuu 0a3 3HAHWI, UTO I103-
BOJISIET CHU3HUTH TPY/IOEMKOCTb U CPOKH HX Pa3pabOTKH U
MOJICPHUA3AINN.

Cpemu mpobsieM B 00JacTH pas3paboTKu 6a3 3HAHUHN
BBIJICJISIOTCST CJIE Ly FOIITE:

e OrcyTcTBUE CpPEICTB yHUMDUKAIMY JIOOBIX BUIOB
3HAHUU U MOJeJIeH IIpeJICTaBJICHNA 3HAHUI B paM-
KaX OJHOI 0a3bl 3HAHMI

e OrcyrcrBre (hOpMaJIbHBIX CPEICTB CTPYKTYpPH3a-
A7, TIO3BOJISIONINX IIPEICTABUTH 0a3y 3HAHUN Ha
PA3JINYIHBIX YPOBHSX JTETATIN3AIIT

e  OrcyrcTBHE €IMHOTO MOJXOJA K BBIJEJEHUIO MO-
BTOPHO HWCIOJIB3YEMBIX KOMIIOHEHTOB 0a3 3HAHUI
7 GOPMUPOBAHUIO DNOJINOTEK TAKUX KOMIIOHEHTOB,
YTO TPUBOAUT K HAJIMYUIO OOJIBITIONO IUC/Ia HECOB-
MECTHMbBIX y2Ke pa3pabOTaHHBIX KOMIIOHEHTOB 6a3
sHaHmit; [33]

e  BrIcoka TPyA0eMKOCTh MOJIEpHU3AINU 0a3 3HAHUIT
U UX CONPOBOXKIEHNUST (HEKOTOPBIE N3MEHEHN s, BHO-
cuMble B 6a3y 3HaHMI, MOTYT IOBJI€Yb HEOGXOIU-
MOCTH BHECEHHsI CyIMICCTBEHHBIX N3MEHEHHUIT B camy
CTPYKTYpPY 6a3bl 3HAHMUIA)

e HecvoTpss Ha HaJd4YHe JIOCTATOYHO PA3BUTHIX
CpeJICTB IPOEKTUPOBaHUs 6a3 3HAHUM, BCE €Ille OT-
CYTCTBYIOT CPEJICTBA, 00ECIIEUNBAONINE KOMILIEKC-
HYIO IOJIJIEP’KKY KOJIJIEKTHBA Pa3pabOTIMKOB HA
BCEX CTaJUsIX IIPOEKTUPOBaHUsI Oa3bl 3HAHWIA, 00-
JIAAIONINE, B CBOIO OYE€Pe/b, JTOCTATOYHON TUOKO-
CThIO U pacmumpsieMocTbio. Kpome Toro, Bce cyime-
CTBYIOIIME CPEJICTBA OPUEHTUPOBAHBI, KAK IIPABU-
JIO, Ha, KAKOH-/TM00 KOHKPETHBIN (hOPMAT XPAHEHUST
3HAHUI, YTO 3aTPY/IHSIET [IEPEHOC YKe pa3paboTaH-
HOl 6a3bl 3HAHUN Ha JAPYrYyI0 IAT(OPMY HHTEP-
MIpeTaIum.

Ha ceropusiiaumit j1eHb CyIIECTBYIOT HIECATKUA MOJE-
Jiefl IpesicTaBIeHns] 3HAHUN, OIHAKO OOJIBINUHCTBO U3 HUX
MOXKHO CBECTU K OCHOBHBIM YETHIPEM: CEMAHTHIECKUE Ce-
T, pefiMbl, TPOJYKIMOHHBIE U JIOTUIECKHE MOjeau [2].
Opmako, Kakjas W3 YKa3aHHBIX MOJeJiell IpejcTaBIie-
HUsl 3HAHUN AJAIITHPOBAHA [JIsl MPEJICTABICHUS 3HAHUIA
OIIPEJICIEHHOTO BUJA, B TO BpeMsI KaK IIPU CO3JAHUU WH-
TEJJIEKTYAJIbHBIX CHCTEM YaCTO BO3HUKAET HEOOXOUMOCTD
[IPEeJICTABATH Pa3JINYHble BUILI 3HAHUN B paMKaX OJHOM
6a3bl, Uero He MOXKeT O0eCIeYUTh HU OJHa U3 BBIIIEIe-
PEUYUCIEHHBIX MOjiesiel, B3AThIX B orheabHocTu. [15] [13]
B cBa3u ¢ 3TuM BO3HUKaeT HEOOXOIUMOCTL B CO3JaHUU
YHUBEPCAJIHHON MOJIEJIN IIPEJICTABJICHIS 3HAHUN, KOTOPast
MO3BOJTHIIA OBl TIPEJICTABJIATH JIIOObIE BUJIBI 3HAHUN B YHU-
GbUIMpoOBaHHOM BHJIE.

K/Ii09eBbIM MOMEHTOM B IPOIECCE CTPYKTYPU3AIUN
3HAHMI sABJIsIeTCA (POPMUPOBAHUE CUCTEMbI OCHOBHBIX IIO-
uaruii npeamernoii obsiactu [3]. B macrosinee BpeMsi npu
pa3paboTKe CHUCTEM, OCHOBAHHBIX Ha 3HAHUAX, ITHPOKO



PACIPOCTPAHEHO MCIIOJIB30BAHUE CTAHJAPTOB KOHCOPIAY-
ma W3C [43]. Ero samaveil siBisiercst paspaboTKa CTaH-
Japros B obactu Semantic Web [43], [25]. B gacrrocrn,
JIAHHBIM KOHCOPIIUYMOM OBbL7T pa3paboTaH sI3bIK OTMCAHUS
onrosornii OWL [39] u s3bIK npejcTaBieHusi 3HAHUN B
Bujie cemanTndeckux cereit RDF [40]. Takxke paspaGoTans
adbdekTuBHbIe Xpanminina 6a3 3uanuit na ocuoe RDF,
00eCIIeUnBAIONINX XPAHEHUE U JOCTYII K JAHHBIM CPEJICTBA-
mu a3bika 3anpocoB SPARQL [42]. Ina pepakrtupoBanust
OHTOJIOTHI CO3/IaHO OOJIBINOE UC/IO PEIAKTOPOB, 0bJIaIa-
FOIIUX JIOBOJIBHO IMMMPOKNM (DYHKIMOHAIOM. [3§]

O tHako, HeCMOTPsI HA pa3BuTHe MpoekTa Semantic Web
U CBA3AHHBIX C HUM CPEJICTB, 3HAYUTEIbHAS YacCTh PeCyp-
coB Web Bce errie He COIEPKHUT CEMAHTHUIECKON Pa3MeTKH
1 MeTaJaHHbIX. VICK/IIOYeHNEM $IBJISIOTCS CEMaHTHYIECKHUe
pecypchl, KOTOpble pa3pabarhiBaioTcst Ha ocHoBe Wiki-
Texuosoruu [44] u cranoBaTca Bee 6oJ1ee NOILYJISPHBIMHE.

Wiki-TexHosiornst 103BOJIsIET HAKAILJIMBATH 3HAHUSI,
KOTOPBIE IIPEACTABISIOTC B WHTEporepabesbHoi  dhop-
Me, obecrieunBasi HABUTAIMIO 110 3HaHUSM. Vcmoabp30BaTh
Wiki-TexHnosrornio BO3MOXKHO JIJIsT TTPOEKTOB JTIOOOTO Mac-
mraba ¥ TeMATUYECKOH HAIPABICHHOCTH (OT OTKPBITHIX
JIEKTPOHHBIX SHIUKJIONE M, 10 CIIPABOYHBIX CHCTEM Pa3-
JIMIHBIX OPEJNPUSATHR U yueOHBIX 3aBejenuit). [21]

Wiki-Texnosorus mpemocTaB/isieT CBOUM II0JIb30BaTe-
JISIM CDEJICTBa XPaHeHUsl, CTPYKTYPHU3AINN TEKCTa, THITEeP-
Tekcra, dailyioB u MysabruMenua. Wiki-TexHosorust uc-
oJIb3yeT B KavuecTBe nHCTpyMeHTa mwardopmy MediaWiki
[37], koTopas Mo3BOJIAET OCYIMECTBIATH HHMOPMAIMOHHOE
B3auMo/IeficTBIe, 00eCIednBaTh JIOCTYI K HH(POPMAIINOH-
HBIM pPeCypcaM BCeM YYaCTHHKAM IIporecca pa3paboTKu
CHUCTEMbI, OPraHU30BbIBATEH yIIPABJIEHIE U HAOJIOIEHUE 32
paspabotrkoii. [6] Cpeay JOCTOMHCTB JAHHON TEXHOJIOTUM
MOYKHO BBIJIEJIUTH MPOCTOTY Wiki-pasMeTku, KOMMYHUKa-
TUBHBIE BO3MOXKHOCTH, KOTODBIE PEAJM3yIOTCs 9€pPe3 COB-
MECTHOE PEJIAKTUPOBAHUE CTPAHUIL, 8 TaKKe HOCPEICTBOM
JIEKTPOHHBIX 00CYXKJeHuit B wiki md JIOMONHUATETHHBIX
cpejiaxX, TAKUX KakK 9ar i (popyM, MIPOEKTHBI XapakTep
paboThl, COTPYAHUYIECTBO, (DOPMHUPOBAHUE EIMHOrO IPO-
JIYKTa COBMECTHOHN JIeATeIbHOCTH 00ECIednBaiOT COIEp-
JKaTeJbHOE B3aUMOJIEHCTBIE, OOMEH 3HAHUSIMU, OIEHKY W
[OCTOSIHHOE COBEPIICHCTBOBaHKE paboT. [21]

Bimmsiane Semantic' Web #Ha, moio6HbIe TIPOEKTHI TIOCTO-
SIHHO BO3PAaCTaeT, BCJIEICTBHE Yero ObLIN CO3AHbI JIBUK-
ku Wiki-caifToB, KOTOpBI€ MO IePKUBAIOT OHTOJIOTTIECKOE
npejcTaBjenre 3HAHUNA U CeMAaHTHYECKYI0 Pa3MeTKy pe-
cypcos Tipu_momomnu cpejcte Semantic MediaWiki [41].
JlaHHbBIE CPENCTBa MO3BOJISIOT BKJIIOYATH CEMAHTUIECKUE
annoraryu B Wiki-pazmerky B Bujie OWL u RDF u aBHo
pa3ielisiTh CTPYKTYPUPOBAHHYIO U HECTPYKTYPUPOBAHHY O
unrdopmarmio. [21]

Kpome ykazanubix jgocroumucTB, Wiki Kak TexHoIOTHSA
UMeeT Psij HEJIOCTATKOB: JyOjupoBaHue WHMOPMAIUU HA
PAa3JIMYHBIX CTPAHUIAX, HEBO3MOXKHOCTH CTPYKTYPUPOBa-
HUS 3HAHUN BBUJY OTCYTCTBUS HUEPAPXUHU THIIEPCCHLIOK
U OTCYTCTBUSI YHU(DUKAIINN TPEICTABIeHAsT MHPOPMAIIAHT,
OTCYTCTBHE BO3MOXKHOCTH ABTOMATHYIECKOI BEPUMDUKAIIAN.

B pmannoit pabore unen Texwuosmorun Wiki mosryamim
CBOE Pa3BUTHE, OJTHAKO IIPEIIPUHATA MOMBITKA YCTPAHUTD
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yKazaHHble pobsembl. Bompocam paspaboTKu U CTPYK-
Typusauu 0a3 3HAHWI TaKXKe MOCBAIIEHBI CJIeYOIIne
HCCIIEOBAHUS:

e  Baspl 3nanmit u yupasienue 3HaHusMu 2], [3]

o  DpakTaabHAS MOAENb CTPYKTYPUPOBAHUS 3HAHUIA,
OCHOBAHHAsI Ha, TIPEJICTABJIEHNH Pa3HbIX (hopM (BU-
JIOB) 3HAHUH KaK 0O'beKTOB PACCIOEHHOIO (CTpaTH-
dummposarnOro) mpocrpancTsa [19)

e  Texnosorusg paspabOTKN MOPTAJIOB HHIKEHEPHBIX
3HAHUH, 00ECIIETNBAIONTUX BBIIOJHEHIE CJIOXKHBIX
MHYKEHEPHBIX pacderos 8]

o  AT-Texnonorus [23]

e  Texnosorusi pazpabOTKu ODJAYHBIX HHTEJIEKTY-
aJIbHBIX cepBHCOB Ha 6ase rargopmbl IACPaaS
— Intelligent Application, Control and Platform as
a Service [9]

e  Texnosorust pa3pabOTKN MOPTAJIOB HAYIHBIX 3HA-

auit [13], [14]

Ha cerognsimuuit geHp paszpaboTaHOo OOJIBITOE YUHUCIIO
6a3 3HAHUI 110 CAMBIM PA3JIMYHBIM IIPEIMETHBIM 00JIACTIM
[29]. Onpaxo GOJMBIMMHCTBO U3 HUX HE ABJSIOTCA XOPOIIO
CTPYKTYPUPOBAHHBIMH, COIJIACOBAHHBIMU M COBMECTHMbI-
MH MEXKJy CODOIA.

B ocHOBe mpearacMbIx MoOJesIeil JeKaT CJIeLyIole
OCHOBHBIE IPUHIUIBI OTKPLITOH CEMAHTHIECKOH TEXHOIO-
[UA NPOEKTUPOBaHUs MHTeJUIEKTyaIbHbix cucrem OSTIS
(Open Semantic Technology for Intelligent Systems) [34]:

®  JCIOJIB30BaHWE OHTOJIOIMYECKOrO ITOAXOAA K IIPO-
€KTUPOBAaHUIO 0a3 3HAHUN, YTO IIPEIIOJIAraeT
CTPYKTYPHU3AINIO Oa3bl 3HAHUI Ha OCHOBE OHTOJIO-
Ui

®  [I09TAIHOE D3BOJIOIMOHHOE MPOEKTHpOBaHue 06a3
3HAHUN;

L] OpueHTallusl Ha KOJIJIEKTUBHOE IIPDOEKTHUPOBaHUE
6a3 3HaHUIl B paMKax IIPOEKTA;

® OpHEHTAIlUd Ha CEMAaHTUYECKOe IIpeJCTaBJICHUE
3HAHUI;

e  yHmbUKAIUI Mojeel 6a3 3HAHNM HHTEIIEKTYaIb-
HBIX CHCTEM;

[ ] MOAYJIbHOE IIPOECKTHUPOBaAHUEC Ha OCHOBE OubINOTEK
THUIIOBBIX MHOTOKPATHO HCIOJIB3YEeMbIX KOMIIOHCH-
TOB.

Texnomorust OSTIS opuenTupoBana Ha pPa3pabOTKy
KOMITBIOTEPHBIX CHUCTEM, YIPABJISIEMbIX 3HAHUIMU — CH-
cTeM, B OCHOBE KaXKJIOil M3 KOTOPBIX JIEKUT IPEICTAB-
JIeHHasT yHUMDUIINPOBAHHBIM 0Opa3oM 0a3a 3HAHUI, COep-
JKalasl B CHCTEMATU3UPOBAHHOM BHJIE BCIO MHMOPMAIIHIO,
UCIIOJIB3yeMyIo 910l cucremoil [4]. B pamkax mauHoii pa-
6OTI>I CUCTEMBbI, YIIpaBJid€eMble 3HaAHUAMU, IIOCTPOECHHBIE 110
Texunomoruun OSTIS, 6ymem HazbBaTH OStis-cucremamu.

Jis perreHusi yKa3aHHBIX BBIIIE TPOOJIEM HEOOXOIUMO
PENUTD CJIEIYIONNe 3aatn:



e paszpaboraTh YHUPUINPOBAHHBIE CEMAHTUICCKUE
MOJIeJIN [IPEJICTABJIEHHS] PA3JINYHBIX BUJIOB 3HAHMIA,
OCHOBaHHbBIE HA OHTOJIOTHSX

e  pa3paboTaTb OHTOJOTUYECKNE MOJIEIU CTPYKTYPHU-
3anuu 0a3 3HAHUMN

e  pa3paboTarTh OHTOJOTUIECKHE MOJEN KOJIJIEKTUB-
HOT'O IIPOEKTHUPOBaHUs 6a3 3HAHMUIA,

e  pa3paboTarh MOJICUCTEMY IMOJIEPKKU KOJJIEKTHUB-
HOTO MTPOEKTHUPOBaHUs 6a3 3HAHUI, BKIIIOUAOILYTO
CPEJICTBA, aBTOMATHU3AINN JIETEILHOCTA DPa3pa-
OOTYINKOB, CPEICTBA PEIAKTUPOBAHNSA 0a3 3HAHMUIA,
Cpe/icTBa aBTOMAaTHU3aIny BepuduKamuu 6a3 3Ha-
HUii.

B nannoit pabore mpejiiaraeTcsl MCIOJb30BATH B Ka-
qecTBe (POPMAJIBHON OCHOBBI JJIS TIPEJCTABICHUS 3HAHUN
crrocob IpeCcTaBJIeHns] 3HAHUI B BUJIE CEMAHTUYECKUX Ce-
Tell ¢ 6a30BOI TEOPETUKO-MHOXKECTBEHHON HMHTEPIIPETAIU-
€il, MO3BOJISIIOIINX OMUCHIBATH KAK 3HAHWS, OTHOCAIINECS K
npesMeTHOl o6sacTu (BKIIIOYAS U META3HAHUSI, 1 IPOCTOM
[epexo/l OT 3HAHUH K METa3HAHUZAM), TaK U IPOIE/LyPbI
X mepepaboTKh. YKa3aHHBIN CIOCOD SBJISIETCS 0A30BBIM
B pamkax OTKpPBITOI CeMaHTUYECKON TEXHOJIOIUU IIPOEK-
TupoBanus uHTesLIekTya bHbx cucrem (OSTIS). Coor-
BETCTBEHHO OBLI pa3paboTaH CIIOCOO KOTUPOBAHUS TAKIX
cemanTnueckux cereit — SC-koy (Semantic Code). Mcrnons-
30BaHMe JAHHOIO IOJXO0/a K IIPEJICTABJIEHUIO 3HAHUN 00y-
CJIOBJIEHO €0 YHUBEPCAIBHOCTHIO, & TAKXKE BOZMOYKHOCTHIO
HEOI'PAHUYIEHHOTO TEPEX0/ia OT 3HAHWNA K MEeTa3HAHWSAM W
psioM JIpyTux jgocrouHcTs [4], [5].

OHTOJIOrMYecKuii MOJIX0/T K TPOEKTUPOBAHUIO 06a3 3Ha-
HU TOJIpa3yMeBaeT pa3padoOTKY:

®  OHTOJIOTUYECKON MOJIETH Pa3pabaThIBAEMOTo apTe-
dakTa, T.e. OHTOJIOTMIECKONH MO/Ie/IU OA3bl 3HAHUN

e  OHTOJIOTMM IIPOEKTHOH HesATeJLHOCTH, HallpaBJIeH-
HOI Ha pa3paboTKy 06a3 3HAHUU, T.e. POPMATHHOTO
ONMCAHUE METOIUKU IMPOEKTUPOBAHNS 0a3 3HAHMIA

®  OHTOJIOTUYECKYIO  MOJIEJIb ~ HHCTPYMEHTAJbHBIX
CPEJICTB MOJAEPKKI IPOEKTUPOBAHNS 0a3 3HAHMIA,
T.e. DOpMAJIBHOE OINCAHUE MOJENN II0JCUCTEMBI
ITOJIJIEPYKKU IPOEKTUPOBAHMS 623 3HAHMUIA.

Ilox 6a3z0it 3HaHmi Ostis-cucremsr Oy/ieM TOHUMATEL KO-
HEYHYI0 MH(MOPMAINOHHYIO KOHCTPYKIIIO, SIBIISIONIYIOCS
GOpMaJIBHBIM IIPEICTABJICHIEM BCEX 3HAHUII, 1OCTATOY-
HBIX J71g (DYHKIMOHIPOBAHUS HEKOTOPOIl KOMIIBIOTEPHOI!
CHCTEMbl U XPAHUMBIX B IIaMsITH 3TO¥ cucremsl [4].

B ocHoBe pazpaborku 6a3 3HAHWI ¢ TOMOIIBIO TEXHOJIO-
ruun OSTIS sexxut yeTkoe pasjesieHne mMporecca MPOeKTH-
poBaHust (POPMATBHOTO OIIMCAHUS CEMAHTUIECKOH MOJIEIH,
paspabarbiBaeMoil 6a3bl 3HAHUI OT MPOIECCa PeATN3aIun
(uBTepIpeTaIUY) 9TOH MOJIE/IM HA TOH UKl MHOH 118 Td)OD-
Me [4]. JJoCTOMHCTBOM TAKOro MOIXO0A K TIPOEKTHPOBAHUIO
6a3 3HAHUN FABJIAETCA HE3ABUCUMOCTH TAKOW pean3aliuu
OT WIATMOPMBI, T.€., pa3pabOTaB TOJBKO JIUIIb CEMaHTHU-
YECKYI0 MOJIEIb 6a3bl 3HAHUI, MOSIBJISAETCS BO3MOXKHOCTH
PEeAIM30BbIBATE 9Ty MOJEJb Ha Pa3judHbIX ILIaT(OpMax,
HE U3MEHsIsl TP 3TOM caMy MoJiesih. PopMaIbHbIE MOJIEIH
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6a3 3HaHuil, upejcrapieHable B SC-Koje OyjieM Ha3bIBATH
sc-mozeaMu 6a3 3HaHni.

CyTh OHTOJIOTHYIECKOTO MOJIXO0/Ia IPU IPOEKTUPOBAHIT
6a3bl 3HAHWI 3aKJIIOYaeTCs B PACCMOTPEHUH CTPYKTYPBI
6a3bl 3HAHUN KaK MEPAPXUIECKON CUCTEMBI BbBIIEIECHHBIX
[IPEIMETHBIX 00JIACTENl M COOTBETCTBYIONIUX WM OHTOJIO-
ruif, B 9aCTHOCTHU, OHTOJIOIUIl KJIACCOB PEIIaeMbIX 3a/1ad,
9TO TO3BOJIIET CY3UTh 0O0JIACTH ITOWCKA ITyTeH peleHust
KOHKDETHO! 3a/[a"i, OrPAHNYNBAs €€ PAMKAMHU KOHKDET-
HOI IIpeIMEeTHO 00JIacTH. DTO CIPABEJIMBO KaK B CJIydae
ABTOMATHYIECKOTO PEIEeHNUs 3329 CUCTEMO, TaK U B CJLy-
qae BBIIOJIHEHUsT Pa3pabOTIYnKaMU IPOEKTHRIX 3a1ad. Bo
BTOPOM CJIy4ae TaKOl MOIX0/I IT03BOJIsIeET MUHUMU3UPOBATH
3aBUCUMOCTH IIPOIECCa Pa3pabOTKM OJHUX KOMIIOHEHTOB
6a3bl 3HaHmit OT APYTUX. B TexX cayvasax, KOrga B Iporecce
pellleHrsl HEKOTOPOil 3a/iadl 3a/eiCTBOBAHBI TIOHSITHUS U3
Pa3HBIX MPEIMETHBIX 00JIaCTeil, TpeOyeTcsi COrIacOBAHUE
YKa3aHHBIX MOoHATHIL  OmHolt u3 3amad upu (HOpMHUPO-
BAHUU CTPYKTYPbL KOHKPETHOI 6a3bl 3HaHUiI u Habopa
[IPEIMETHBIX ODJIACTEN SIBJISTETCS MUHUMUBAINAS CUTYAIIAN
TakKoro pozxa. Kpome TOro, CymecTBeHHBIM JOCTOMHCTBOM
WCITOJIb30BaHUsI OHTOJIOTHI TpU pa3paboTke 06a3 3HAHUN
SIBJISIETCsT BO3MOIKHOCTH TIOBTOPHOTO WCIIOJIB30BAHUS y2KE
pa3paboTaHHBIX KOMIIOHEHTOB 0a3 3HAHUI, ITO TaKXKe CO-
KpalllaeT BpeMsl pa3paboTKu 0a3 3HAHMIA.

PaccvoTpennbiii B paboTe OHTOJIOIMIECKAN MTOAXOJ K
MIPOEKTUPOBAHUIO 0a3 3HaHUIl, Ga3UPyIONUcS Ha IIpes-
craBjieHUU 0a3bl 3HAHUN KaK HEPAPXUIECKON CTPYKTYPHI
B3aNMOCBSI3aHHBIX MEXK Iy CODOil MpeIMeTHBIX 00JIacTeil u
UX OHTOJIOIUI, II03BOJIAECT:

e  00ecrednTb BO3MOXKHOCTH IIPEJICTABJIEHUS] JIFOOBIX
BUJOB 3HAHUI B paMKaX OJHON 0a3bl 3HAHUIT yHU-
GUIMUPOBAHHBIM HE 3aBUCIIUM OT ILJIATHOPMBI
06pazomM;

e  CHU3HUTDH TPYJOEMKOCTH U COKPATUTH CPOKHU pa3pa-
OoTKHM Oa3 3HAHUI 38 CUET:

ee  ODecledeHUs] BO3MOXKHOCTH COIJIACOBAHHOMN
KOJUIEKTUBHOH pa3paboTKu 6a3 3HAHUIL;

ee  MHUHMMHSAIUNA YHUCJIA COIVIACOBAHUN B IIPO-
I[eCCe TAKO¥l KOJIEKTHBHOI pa3paboTKu;

®e  JICIIOJIb30BAaHHA MHOTOKPATHO HCIOJIb3Ye-
MBIX KOMIIOHEHTOB 0a3 3HaHMIA;

®e  JICIIOJIb30BaHMY YHUMUIMPOBAHHON MeTO-

JIMKA TPOEKTUPOBAaHUs 0a3 3HAHUN W UX
KOMIIOHEHTOB

®  [IOBBICUTH yPOBEHb IOHATHOCTH M YCBOEHWS 3HAa-
HUIl 3a CUYET UX CTPYKTYPUAIHN.

Pazpaborannas cucrtema TOAIEP:KKH pa3pabOTINKOB
6a3 3HAHWIT TO3BOJUT ABTOMATH3UPOBATDH IIPOIECC pas-
paboTku, BepudUKAIMN ¥ ONTUMHU3AIMU 0a3bl 3HAHWUIA,
YMEHBIITATH KOJTUIECTBO BO3HUKAIONIUX OIMIMOOK U BPEMEHU
HA UX yCTPAHEHUE.

Pabora BemosHEHA TpPW  YACTHYHON — MOMJIEPIKKE
BPOOU-PODU (Ne D15PM-074, Ne 16P-101), a rakxe
BPOOU-TOOUY (Ne D16K-068).





