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Abstract—The main subject of this paper is the consideration
of technology of designing intelligent systems, based on the on-
tologies, i.e. ontological treatment of this technology. Ontological
approach to design of any complex system classes (including
intelligent systems) makes it possible to decompose clearly and
hierarchically a process of designing any system of specified class
into such design actions, many of which can be executed in parallel
and each of which can be executed locally, i.e. within the specific
ontologies. Within the paper basic principles of such an approach
are given.
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I. INTRODUCTION
A. Objective and Relevance of the Work

The purpose of this paper is to make more precise definition
for concept of formal model of intelligent system, and also
to consider methodology and tools for designing intelligent
systems. The aggregate of such models, methodologies and
tools is nothing but the technology of designing intelligent
systems. Relevance of creating such technologies is due to
expansion of intelligent systems applying area and, as a
consequence, due to the necessity to decrease essentially the
work content for its development.

The feature of this paper is consideration of technology
of designing intelligent systems on the base of ontologies,
i.e. ontological treatment of this technology [6], [7], [27],
[28], [22], [19], [20]. Ontological approach to designing any
complex system classes (including intelligent systems) makes
it possible to decompose clear and hierarchically a process
of designing any system of specified class into such design
actions many of which can be executed in parallel and each
of which can be executed locally, i.e. within the framework of
specific ontologies.

Thus hierarchical system of design actions is put in cor-
respondence with hierarchical structure of ontology within a
framework of which such design actions can be carried out.
It is clear that such an approach speeds up essentially design
activity by means of multisequencing and localization of an
area of searching a solution while executing each design action.

B. Problems to be Solved to Succeed

e To improve effectiveness of designing intelligent systems
it is necessary to have a gemeral (complex, integrated,
holistic) technology of designing intelligent systems.
Within such technology all the necessary partial tech-
nology should be harmonized, i.e. it should be ensured
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compatibility of design solutions which can be resulted
within partial technologies.
Compatibility of such design solutions means compatibil-
ity of different kinds of intelligent system components
which, in general, can be the products of developing
by different and independent developer teams. Among
other factors it is necessary to ensure compatibility of
different kinds of knowledge within knowledge base,
different models for problem solving which are used
by intellectual problem solver, compatibility of different
models of understanding external information received
by intelligent system on different channels, in different
formats and on different languages.
To create a general integrated technology of intelligent
system design it is necessary to create a general formal
theory of intelligent system [1].
Intelligent system design technology should decrease
work content not only while initial development but also
while permanent improvement process (modernization,
re-engineering) during the operation. In other words in-
telligent systems based on such technology should be
flexible, easy modified, reconfigurable.
Formal models of intelligent systems which are results
of these systems design should be simple as much as
possible and understandable not only by interpreters used
for its implementation on different platforms but also by
all the developers of such models.
As different intelligent systems have, in general, different
knowledge representation models and knowledge pro-
cessing models the main problem of developing such
models is creating a unified universal principle, a “skele-
ton”, which makes it possible to build hierarchical
multilevel models of knowledge representation and
processing with any configuration.
For knowledge representation models — this is move from
knowledge to meta-knowledge, from meta-knowledge to
meta-meta-knowledge and so on, and, in particular, from
description of actions (both internal and external) to
description of actions on arbitrary higher level.
For knowledge processing models — this is move from
agents capable to execute one level actions to collective
agents executing actions on arbitrary higher level.
On the highest level internal activity of intelligent system
represents balanced dialog of agents-optimists and agents-
pessimists:
ee optimist generates ideas and hypothesis, looks for way
out of various situations (contradictions) and for way
of various problem solution;
ee pessimist always questions everything, always is
searching for reasons and ideally — for proofs or
retractions.



C. Analysis of Existing Approaches to Solving Specified
Problems

Today there are a number of technologies for designing
intelligent systems. Analysis of such technologies and corre-
sponding tools is given in several works [25], [26]. Some of
them have a significant impact on our research:

e Technology of designing real time expert systems on the
base of instrumental system G2 [2];

e AT-Technology [25], [26];

e Technology of developing cloud intelligent services on
the base of IACPaaS platform - Intelligent Application,
Control and Platform as a Service [13];

e Technology of developing science portals [15];

e Technology of developing engineering knowledge portals
which provide with complex engineering computations

[9].

Today there are already a lot of modern technologies
of designing intelligent systems. But they can solve not all
problems mentioned above. Recently, most attention is focused
on knowledge engineering and on technology of ontological
engineering [8], [4] to the detriment of other equally important
aspects of designing intelligent systems.

As a consequence, modern technologies of designing in-
telligent systems:

e are created not on the basis of general formal theory of
intelligent systems and therefore do not consider detailed
integration of “diverse” components of intelligent systems
(knowledge bases, knowledge processing machines, user
interfaces). Also modern technologies do ‘not have a
unified universal basis which allows within technology
to integrate various scientific and practical results in area
of artificial intelligence;

e do not provide compatibility of intelligent systems being
developed and their components. This makes it difficult
to organize simultaneous design of different components
of the same system and the following integration of
these components. Also it makes it difficult to develop
collectives of intelligent systems;

e do not provide platform independence of designing
intelligent systems, i.e. clear separation of two processes:
the process of development of complete formal models
of intelligent systems and the process of development of
these models interpreters on different platforms;

e do not have a formalized methodologies of complex
collective designing intelligent systems, and in particular,
do not have clearly formalized scope of full indepen-
dence of simultaneously executed branches of designing
and necessary points for coordination of these branches.
Therefore do not provide saving both development time
and labor;

e do not include methodology of training engineers of
intelligent systems and, consequently, do not provide
further training during development and the operation of
these systems;

e do not support their own development including analysis
and systematization of design experience.
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D. The Proposed Approach to the Specified Problems

The following principles form the basis of the proposed
approach to creating a complex technology of designing intel-
ligent systems:

e Using ontological approach to intelligent system design,
i.e. an approach based on hierarchical system of formal
ontologies (on precisely specified systems of concepts
which correspond to different and precisely distinguished
levels of intelligent system consideration).

e Development of concepts and the corresponding ontolo-
gies for formal sense representation of any kind of
knowledge, formal ontologies ‘among them [21], [24],
[29].

e Developing Formal ontology of intelligent systems which
will be used as the base for unification and simplification
for formal models of intelligent systems.

e Developing hierarchical system of consistent (compati-
ble) formal ontologies for different kinds of knowledge
and different knowledge processing models. It ensures
integration of different kinds of knowledge and different
models of knowledge processing, and also, independence
from platforms of their interpretation. Developing Gen-
eral model of knowledge processing which represents
a collective of agents working with common semantic
memory, interacting through this memory and controlled
by knowledge kept in this memory. Formalizing this
model as an ontology in relation to which different
ontologies of specific knowledge processing models (in-
ductive, deductive, crisp, fuzzy and so on) will be partial
ontologies.

e Developing hierarchical system of consistent formal on-
tologies for design activity aiming not only to develop
intelligent systems but also to permanently modify them
during the operation. Such hierarchical system of formal
ontologies of designing together with the corresponding
tools should ensure a high level of improvement of
intelligent systems during the operation.

e High level of flexibility of suggested technology is
achieved due to the fact that this technology itself is
implemented as an intelligent metasystem which ensures
a complex support of intelligent system development in
accordance with suggested technology and due to the fact
that this technology itself is built on the same technology.

e Developing a formal ontology for improvement of tech-
nology of designing intelligent systems: accumulation
and systematization of design experience, replenishment
of reusable component libraries and so on.

e Using methodology of component-based design on the
base of permanently replenished library of reusable
components. This replenishment is carried out by devel-
opers of design technology as well as by developers of
specific intelligent systems. Thus the proposed technology
formalized as intelligent metasystem and implemented on
the same technology has high rates of growth because it
has:

ee cffective tools for specification of design experience of
engineers;

ee cffective tools for specification of new scientific results
(i.e. fundamentally new models, tools and methods for
developing intelligent systems);



ee cffective tools for modifying actual models, tools and
methods.

e Availability of unified foundation which allows to con-
struct different hierarchy levels of intelligent systems
components on its base, i.e. to move from level to
meta-level, from knowledge — to meta-knowledge, from
actions, action classes and ways to perform this — to meta-
actions, meta-action classes and ways to perform this,
from systems to metasystems.

With this there is an opportunity to create multilevel
libraries of reusable compatible components: libraries
of knowledge and meta-knowledge, libraries of action
and meta-action classes, libraries of ways to perform
actions and meta-actions, libraries of typical base-level
subsystems and subsystems of different meta-levels.

All of this allow to increase substantially the level of
component-based design — computer systems will be
assembled not only from “small” but from “large-scale”
components of any hierarchy level.

e Proposed technology represents an open semantic tech-
nology of component platform independent development
of flexible compatible intelligent systems. We called this
technology OSTIS Technology (Open Semantic Technol-
ogy for Intelligent Systems). More detailed about base
principles of this technology see in [11], [12].

E. Introduction to Ontology-based Design of Intelligent
Systems

Since design is a key human activity General ontology of
designing any kind of artefact is one of high level ontologies
and represents a system of concepts which is the base of design
activity systematization and control.

Design is a process of developing certain artefact informa-
tion model (specification) sufficient to implement this artefact.

Ontology-based design is design on the base of using
different ontologies and the result of such design is an on-
tological model of artefact being developed, i.c. the model
corresponding to ontology which describes characteristic of
such artefacts.

As regard the ontology formalization in memory of in-
telligent system - ontologies should be considered the most
important kind of knrnowledge used by intelligent systems.
At the same time it is important to consider formalization
not only of ontologies themselves (their internal structure)
but also formalization of different kinds of connections and
correspondences between ontologies. In particular it is very
important to describe implicitly decomposition and semantic
hierarchy of ontologies within knowledge base. Also in this
context it is important to describe connections of ontologies not
only among themselves but also their connections with other
kinds of knowledge, for example, formal models of subject
domains corresponding to ontologies, ontological models of
different entities (in particular, designed artefacts).

This paper will consider ontology formalization on the base
of semantic network. It makes it possible to analyse more con-
structive the structure of ontologies themselves, the structure
of subject domains and also connections and correspondences
between them.
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When considering General ontology of designing it makes
sense to talk about a system of three interconnected ontologies
as a minimum:

e General ontology of designing

e General ontology of artefacts and their models

e General ontology of intelligent systems for design au-
tomation.

The first of these describes a general methodology of
designing. The second — describes ontological models of
designed objects. The third — describes information and in-
strumental designing tools.

Components of any technology including technology of
designing intelligent systems are as follows:

e Ontology of corresponding class of artefacts being de-
veloped. This ontology describes how these artefacts and
their ontological models are organized;

e Ontology of designing artefacts of specified class which
describes methodology of designing artefacts of specified
class;

e Ontological model of tools for designing artefacts of
specified class.

It is clear that in addition to General ontology of designing
there are a number of other partial ontologies of designing
which make more precise (detail) general organizing principles
of design activity taking into account the particularities of
specific types of designed objects and the particularities of
specific design stage organization.

For example, we can talk about Ontology of designing
intelligent systems and about Ontology of testing intelligent
systems.

Each ontology is a specification of system of concepts used
it the corresponding subject domain. Connection between on-
tologies and subject domains is specified by subject domain*
relation (to be a subject domain of specified ontology).

In terms of Ontology of designing intelligent systems which
is the main subject of this paper we should talk about a system
of ontologies and their corresponding subject domains which
is presented on Fig. 1.

Subject domain of designing intelligent systems is a
subject domain within which objects of research are processes
of designing intelligent systems. It is important to construct
this domain to minimize work content of designing processes
and to provide a high quality of designed intelligent systems.

Such a designing quality (“cheap but good”) could be
achieved not only on the base of well thought-out unified
Ontology of designing intelligent systems but also on the
base of Ontology of intelligent systems and their models
which clarifies and unifies the structure of designed intelligent
systems.

For this purpose in proposed OSTIS Technology we have
made clarification and unification of internal structure of
designed intelligent systems.

Fig. 1 introduces a concept of ostis-system — intelligent
system being developed on OSTIS Technology, and also a



concept of IMS Metasystem (Intelligent MetaSystem) which
is the ostis-system for ostis-systems design automation.

Note also that information presented on Fig. 1 is a text
on the language called SCg-code (Semantic Code Graphic)
which is an universal language for visualizing ostis-systems
knowledge bases. The detailed description of SCg-code syntax
and semantic see in [3].

II. BASE LANGUAGE FOR SENSE KNOWLEDGE
REPRESENTATION

Quality of internal language for knowledge representation
in memory of intelligent systems is the main factor which
determines effectiveness of designed intelligent systems as
well as effectiveness of design activity for developing these
systems. Such language should be

e as simple as possible,
e universal,
e extensible, open.

The main problem of knowledge representation is the
creation of such a language that would be convenient and easily
interpretable by not only intelligent system but also by a person
who can be a developer or a user of the system. That could be
achieved only by one way — to get closer as much as possible
to what is called sense knowledge representation.

The main requirement to a formal language of sense
knowledge representation is to eliminate semantic equivalence
of texts within knowledge base of each intelligent system. So
within knowledge base semantically equivalent texts should be
transformed into the same text, i.e. such texts should not be
duplicated.

So sense knowledge representation can be treated as invari-
ant of variety of semantic forms of this knowledge representa-
tion. Note that semantically equivalent texts within knowledge
base of different intelligent systems may exist but at the
same time such texts should be completely structurally and
semantically equivalent up to isomorphism.

Variety of syntactic forms (variants) of representation of the
same information (the same knowledge) should be reduced to
only one variant while creating a language of sense knowledge
representation. Within this variant it would be sufficient simply
to determine semantic equivalence of two texts using syntactic
structure of these texts. Syntactic equivalence (isomorphism)
of two texts should be the necessary condition of semantic
equivalence of these texts.

The main guideline while creating a formal language of
internal sense knowledge representation in intelligent system
memory is to take away from language all unnecessary things
unrelated to creating an internal model of external and internal
“world” in which this intelligent system will solve various
kinds of problems.

The essence of each language structure, its semantic power
is specified (1) by a method of information encryption and (2)
by a certain ontology which clarifies semantics of concepts
used in this language. In its turn a method of information
encryption is specified (1) by a method of representing signs
of entities described by language texts and (2) by a method
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of describing connections between described entities (these
connections in language texts are represented as syntactic
connections between signs of specified entities).

Universal and open language of knowledge representation
can be created only on the base of hierarchical system of
ontologies within which the following are distinguished: a
top-level base ontology and a family of ontologies which are
partial in relation to this base ontology and which provide
unlimited detailing for describing entities from this top-level
base ontology.

As a base internal formal language for knowledge rep-
resentation in memory of intelligent systems we suggest the
language which is named SC-code (Semantic Computer Code).

Now consider principles underlying SC-code and also its
features and advantages.

A. Specification of SC-code concept

Formally speaking SC-code is a set of texts (sc-texts)
set-theoretical union of which represents an unlimited struc-
ture including descriptions of various entities. This unlimited
structure is nothing but Subject domain of entities which
contains descriptions of various entities on the initial level of
their detailing. Specified subject domain is the highest level
subject domain because there is no other subject domain in
relation to which it would be partial subject domain*. As
any other subject domain, Subject domain of entities has its
own ontology corresponding to it, namely, Ontology of entities
which specifies concepts used within Subject domain of entities
and specifies SC-code semantic.

Fragments (substructures) of Subject domain of entities will
be referred to as texts of SC-code or simply sc-texts.

So language as a set of in some ways organized texts
about certain subject domain is put in correspondence with
integrated cognitive model of this subject domain.

Strictly speaking SC-code can be treated not as a language
but as a universal code which provides a unified and there-
fore semantically compatible representation of various subject
domains and their corresponding ontologies on the base of
Subject domain and ontology of entities.

Base nature of Subject domains of entities is reflected in the
fact that all (!) other subject domains are not just partial* in
relation to it but are also its subsets, i.e. included* structures.
Classes of entities included in Subject domain of entities not
just as key classes (key concepts) in different combinations
within partial subject domains* will serve as key concepts the
sense of which is clarified within ontologies corresponding to
these subject domains.

B. Concept of sc-element

All (!) syntactically elementary (atomic) fragments of
SC-code texts (sc-texts) are signs of their corresponding (de-
noted by them) entities. Such elementary fragments of sc-texts
we will name sc-elements. 1t should be stressed, that:

e Elementary (atomic) character of sc-elements means that
such elements do not have internal structure, i.e. do not
consist of any other fragments of sc-texts as, for example,
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Figure 1. System of the ontologies and subject domains, connected with the Ontology of designing intelligent systems

signs of traditional languages which, in general, represent Thus SC-code is universal in the sense that sc-texts can
phrases and consist of words and, further, from letters; describe any entities;
e signs of any (!) entities can be presented by sc-elements. e sc-texts do not contain any signs beside sc-elements;
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e within each sc-text, including sc-text of knowledge base
of intelligent system, the following should not contained:

ee pairs of synonymic elements which denote the same
entity. So sign of any described entity is contained only
once in the corresponding sc-texts;

ee homonymous sc-elements, i.e. sc-elements each of
which represents different entity while considering
from different perspectives.
Thus correspondence between sc-elements of given sc-
text and entities which are described in this text is one-
to-one correspondence.

C. Description of sc-element

Type of arbitrary considered sc-element, and consequently,
type of entity denoted by this sc-element is specified within
SC-code as follows:

e sc-element is introduced which denotes specified type
of sc-elements, i.e. a class of those and only those
sc-elements which correspond to this type;

e sc-element is introduced which denotes connection
of membership of considered sc-element with that
sc-element class which is denoted by sc-element intro-
duced above.

D. Typology of sc-elements

Typology (classification) of sc-elements on the main crite-
ria looks as follows.

On constance-variability criterion a set of sc-elements is
split on:

e sc-constants (constant sc-elements);
e sc-variables (variable sc-elements).

On structure criterion (by a “place” of sc-element within
sc-text structure) a set of constant sc-elements is split on:

e signs of external entities;

e signs of terminal abstract entities (i.e. abstract entities are
not sets);

e signs of sets of sc-elements.

In its turn a set of signs of sets of sc-elements on structure
criterion is split on:

e sc-classes — set of signs of classes of sc-elements;

e sc-links — set of signs of connections between
sc-elements; each such connection is treated as a set of
sc-elements connected by this connection;

e sc-structures — set of signs of structures consisting, in
general, of sc-elements of various structure types.

Type of sc-variable is determined by the area of its possible
values. It can be:

e variable sign of external entity if all of this variable values
are signs of external entities;

e variable sc-link if all of this variable values are constant
sc-links;

e and so on.

On temporal criterion set of sc-elements is split on:

e denotations of permanent entities;
e denotations of temporary entities.
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E. SC-code syntax

SC-code syntax is defined as:

e collection of sc-element classes which are specified not
with standard SC-code means described above but implic-
itly, syntactically, by means of assignment of correspond-
ing “labels” to sc-elements. This is nothing but alphabet
of sc-elements;

e implicit (syntactic) representation of membership connec-
tions between signs of binary connections and compo-
nents of these connections. This implicit representation
of connections is specified by two incident relations of
sc-elements: incident relation of signs of binary connec-
tions and sc-elements connected by these connections
and incident relation of signs of binary oriented con-
nections (sc-arcs) and its second components, i.e. those
sc-elements for which these arcs are ingoing arcs.

Stress that all mentioned syntactic “techniques” of SC-code
have a clear semantic interpretation — this is always implicit
representation of membership connection, i.e. such a rep-
resentation for which explicitly specifying this connection
sc-element is not introduced. Such membership connection
specifies (1) membership of sc-element to a given sc-elements
class included in sc-element alphabet or (2) membership of
sc-element to a given binary connection which is presented by
sc-elements denoting this connection.

Thus SC-code does not have syntax in the traditional sense.
SC-code syntax is:

e a special syntactic, implicit, form of distinguishing certain
classes of sc-elements (syntactically distinguished classes
which compose the language alphabet);

e a special syntactic, implicit, form of representation of
membership connections as syntactically specified inci-
dent connections connecting sc-elements which denote bi-
nary connections with sc-elements which are components
of these binary connections.

In purpose to formalize SC-code syntax within Subject
domain of entities the following two concepts are introduced:

Syntactically specified class of elements

= such class of sc-elements membership in which for each
given sc-element is specified not by membership pair but
by means of addition of corresponding label to this
sc-element. A set of label types and a family of
syntactically specified classes of sc-elements are in
one-to-one correspondence

sc-connector
= atomic binary link
= sc-element which denotes binary connection between
sc-elements and for which its connection with components
of this binary connection is specified syntactically by
means of incidence relation
<= partitioning*
® sc-arc
e sc-edge

The above formal text is a text of SCn-code (Semantic
Code Natural) which provides with structured hypertext visu-



alization of SC-code texts. Detailed description of SCn-code
syntax and semantics see in [3].

F. Concept of a set of sc-elements

Existing unity of syntax and semantic aspects of
SC-code is reflected also in the fact that sc-elements
which are signs of sets can denote only such sets ele-
ments of which are sc-elements, i.e. signs of various en-
tities. Those sets will be called sc-sefs. Such sets are
syntactic and semantic constructions simultaneously if, cer-
tainly, some semantic criteria will be taken into account while
creating those sets.

If a set consists of signs of all those and only those entities
which have a common characteristic this set will be a class of
signs of equivalent entities.

If a set consists of signs of all those and only those entities
which are interconnected by certain connection this set will be
a link of signs of interconnected entities.

If a set consists of signs of all those and only those entities
(it is possible also of signs of connections between these
entities) representing a certain holistic construction which are
independent object of research then this set will be a holistic
structure of signs.

Stress that mentioned semantic restriction on set elements
does not reduce semantic power of SC-code because any set
of entities can be put in one-to-one correspondence with set
of signs of these entities which in fact is information model
of initial set.

It is important to note that within any significant sc-fext
the number of secondary sc-elements denoting sc-element sets
greatly exceeds the number of primary (terminal) sc-elements
which are not signs of sets (such sc-elements are signs of
material entities, signs of such abstract entities as geometric
point, as number).

Note also that any sc-text can be treated as hierarchical
system of sets based on membership* relation. This relation
connects sc-elements identifying sets with sc-elements which
are elements of these identified sets (in doing so the signs of
certain sets can be elements of other sets). Therefore SC-code
can be treated as a language with base set-theoretical semantic
interpretation of its texts.

G. SC-code as semantic network language

Construction of sc-text can’t be linear because sign of
each described entity is included in sc-text (in knowledge
base also) only once and because each described entity can
be connected by unlimited number of connections with other
entities. In its turn this means that each sign of sc-text can have
unlimited number of connections with other signs. Such non-
linear constructions are called semantic networks [5], [16].

Consequently SC-code is a language of semantic networks.
The whole Subject domain of entities is, accordingly, an infinite
semantic network which has integrated into itself all various
texts of SC-code.

The main advantage of semantic networks and of SC-code
texts, in particular, is consolidation of syntactic and semantic
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aspects of knowledge representation. It reduces significantly
computational complexity of knowledge processing [23].

Stress that moving from traditional (linear) texts to seman-
tic networks can be treated as a process of getting rid of that
language excessiveness which are resulted from communica-
tive function of traditional languages but are not necessary
for creation of formal sense internal model of world in which
intelligent system “lives”.

Getting rid of specified excessiveness includes:

e cxclusion of text fragments non-interpreted semantically
— letters, separators, delimiters, words which are not signs
of entities. All the atomic fragments of texts become
signs;

e exclusion of synonymy of signs;

e cxclusion of homonymy of signs.

H. SC-code as the Base of Representation of Various Subject
Domains and Ontologies

SC-code is the base for creation of formal models of
various subject domains and for representation of other kinds
of knowledge: For these purposes it is introduced (1) sub-
language of SC-code which is specified by Subject domain of
subject domains and by the corresponding Ontology of subject
domains; (2) sub-language of SC-code which is specified
by Subject domain of ontologies and by the corresponding
Ontology of ontologies; (3) a family of other sub-languages
of SC-code oriented on representation of other kinds of knowl-
edge.

Thus SC-code results all the variety of knowledge kinds
not only to a common syntactic form but also to one common
high level ontology, Ontology of entities, which is the basis for
syntactic structure of SC-code texts as well as base semantic
interpretation of these texts.

1. SC-code and the System of Specialized Languages

Formal language of internal sense knowledge representa-
tion in memory of intelligent systems represents an integrated,
open and permanently developed language based on SC-code.
In its entirely this language represents a hierarchical system of
specialized formal languages each of which is a sub-language
of SC-code and is specified (1) by subject domain partial*
in relation to Subject domain of entities and (2) by ontology
which specifies a set of concepts used by this partial subject
domain and which itself is partial* in relation to Ontology of
entities.

Since integrated language of internal sense knowledge
representation is a hierarchical system of languages created
on SC-code it is based on:

e language of formal representation of subject domains
which is specified by Subject domain and Ontology of
subject domains;

e language of formal representation of ontologies which is
specified by Subject domain and Ontology of ontologies;

e base language SC-code itself which is specified by Subject
domain and Ontology of entities.



III. FORMAL MODELS OF SUBJECT DOMAINS

In this chapter the following topics will be considered:

e general principles for representation on SC-code of formal
models of subject domains;

e formal model of Subject domain of entities which corre-
sponds to SC-code;

e formal model of Subject domain of subject domains for
which researched objects are various subject domains.

Explicit distinguishing various subject domains within
knowledge bases of intelligent systems, and in particular,
subject domains of actions and tasks, makes it possible to
localize search for ways to solve specific problems. These
problems could be solved by intelligent systems themselves
or by system users with help of intelligent system.

A. Structure of Formal Models of Subject Domains

Formal model Subject domain represented on SC-code
is sc-structure within which by means of special collection
of role relations several key elements of this structure are
distinguished and roles of these key elements within this
structure are specified. Such role relations are subsets of
Membership relation.

First of all key elements of subject domain are signs
of considered concepts clarification of sense of which are
essential for semantic analysis of specified subject domain.
Also key elements of subject domain can be signs of those
objects of research within this subject domain which have
special characteristics and used for description of sense of
above key concepts within this subject domain. Number 0 and
number 1 are examples of such key researched objects within
Subject domain of numbers.

Description of sense of such key concepts of subject do-
main, i.e. specification, is nothing but ontology corresponding
to specified subject domain.

Roles of concepts contained in subject domain follow:

considered concept’
= concept considered in given subject domain’
= key concept of given subject domain’
<= partitioning*
o the researched concept’
e non-researched but considered concept’
<= partitioning*
e concept introduced in given subject domain’
e considered concept introduced in other subject
domain’

There are four variants of clarifying roles for concepts
considered in subject domains:

e concept can be researched and introduced in given subject
domain;

e concept can be researched in given subject domain but
introduced in other subject domain;

e concept can be non-researched but introduced in given
subject domain;

e concept can be non-researched and non-introduced in
given subject domain.
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The above-mentioned role relations specify different corre-
spondences between subject domains and concepts considered
in these domains, for example, the correspondence between
concepts and subject domains where these concepts are re-
searched.

It is not hard to see that these role relations describe
semantic distribution of concepts between subject domains.
In general, this distribution takes into account differences in
concepts usage (considering) in different subject domains, and
also it takes into account that one and the same concept can
be used in different subject domains.

It is clear that subject domains considering one and the
same concept have a deep semantic relationship between
themselves.

More detailed consideration of role relation the researched
concept’ taking into account a structure type of these concepts
allows to specify the following sub-classes of these relations:

researched concept’
= to be the researched concept’
D class of primary researched objects’
D the maximum class of primary researched objects’
= class of primary researched objects for which there
is no other class of primary researched objects that
would be its subset within subject domain’
D the researched relation’
= class of researched links’
D maximum researched relation’
D class of researched structures’
D maximum class of researched structures’
D class of researched classes’
= parameter (characteristic) specified on a set of
researched objects’

Set-theoretical connection between a concept considered in
a subject domain and the set of elements of this subject domain
is specified by the following role relations:

e a set all of elements of which are located in given subject
domain’

e a set not all of elements of which are located in given
subject domain’

Semantic hierarchy of subject domains is specified by the
following role relations:

e a concept which is an instance of a concept researched
in other subject domain’

e a concept which is a subset of a concept researched in
other subject domain’

e a concept for which in other subject domain a researched
concept exists against which the first specified concept is
a class of parts of its instances’

B. Concept System of Subject Domain of Entities

Let’s consider Subject domain of entities which on the
base level specifies syntax and semantic of SC-code and which
is subject domain of the highest possible level. It follows that
concepts considered in this subject domain can’t be introduced
in other subject domains because to make that possible these



other subject domains would be higher level subject domains.
The highest possible level of Subject domain of entities means
also that a lot of concepts will be only introduced in this
subject domain and will be researched in other subject do-
mains as classes of primary researched objects’ including.
Within Subject domain of entities maximum class of primary
researched objects’ is a concept of entity, more precise, a
concept of set of signs of various entities which is identical
with sc-element within SC-code.

Classification of a set of sc-elements on different criteria
produces a hierarchical system of subclasses of maximum class
of sc-elements. A feature of Subject domain of entities is the
fact that signs of all the specified partial classes of sc-elements
are themselves sc-elements, i.e. instances of maximum class
of primary researched objects’. Moreover within considered
subject domain all the researched relations’, all the classes
of researched structures’ and all the classes of researched
classes’ are also partial classes of primary researched objects’.

Let’s consider three general criteria of sc-elements classi-
fication:

e logical typology of sc-elements;
e structural typology of sc-elements;
e temporal typology of sc-elements.

sc-element
= abstract sign of certain entity for which its internal
structure is not important but only its conditional
connection with entity denoted by this sign is important
<= partitioning*:
® sc-constant
e sc-variable
<= partitioning *:
o terminal sc-element

e sc-set
<= partitioning*:
o sc-link
® sc-structure
e sc-class

<= partitioning *:
e denotation of permanent entity
e denotation of temporary. entity

Let’s consider more detailed classes of researched objects
introduced within Subject domain of entities.

sc-constant
<= partitioning *:
e terminal sc-constant
= sc-constant which is not a sign of set
e constant sc-set
= sc-element denoting specific set of sc-elements
<= partitioning*:
e constant sc-link
® constant sc-structure
e constant sc-class
<= partitioning *:
e constant class of terminal sc-constants
e constant sc-relation
= constant class of constant sc-links
e constant class of constant sc-structures
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e constant class of constant sc-classes
e constant class of sc-variables
<= partitioning*:
® constant permanent entity
= permanently existing constant entity
e constant temporary entity
= temporarily existing constant entity

constant sc-link
<= partitioning*:
e constant binary sc-link
e constant non-binary sc-link
<= partitioning*:
e constant non-oriented sc-link
e constant oriented sc-link
<= partitioning*:
e constant sc-multilink
= constant sc-link with multiple occurrence of some
components
e constant sc-link with single occurrence of all its
components
<= partitioning *:
e constant sc-metalink
= constant sc-link which has some other sc-links as
its components
e constant sc-link which does not have other sc-links as
its components

constant binary sc-link
<= partitioning*:
e constant sc-link about membership nature
e constant binary sc-link which is not about membership
nature

constant sc-link about membership nature
<= partitioning *:
e constant sc-link of membership
= Membership relation
e constant sc-link of non-membership
= Non-membership relation
e constant sc-link of fuzzy membership

sc-variable

= sc-element denoting arbitrary sc-element from certain set
of sc-elements which are possible values of this arbitrary
sc-element

Thus sc-variables as well as sc-sets can be treated as
secondary sc-elements (secondary signs) because each sc-set is
a sign of set of sc-element and each sc-variable “runs” certain
set of sc-elements representing a set of possible values of this
variable.

sc-variable
<= partitioning*:
e sc-variable with values which are sc-elements of one
logical level
<= partitioning*:
e sc-variable of the Ist level
= sc-variable with values which are only
sc-constants



e sc-variable of the 2nd level
= sc-variable with values which are only
sc-variables of the Ist level
e sc-variables with values which are sc-elements of
different logical levels
<= partitioning*:
e terminal sc-variable
e variable sc-set
= sc-variables with values which are only
sc-sets
<= partitioning *:
e variable sc-link
e variable sc-structure
e variable sc-class
<= partitioning*:
e variable permanent entity
e variable temporary entity

terminal sc-element
<= partitioning *:
e terminal sc-constant
o terminal sc-variable
<= partitioning*:
e terminal sc-variable of the Ist level
= sc-variable with values which are only
terminal sc-constants
e terminal sc-variable of the 2nd level
= sc-variable with values which are only
terminal sc-variables of the Ist level

sc-set
<= partitioning*:
e constant sc-set
e variable sc-set
<= partitioning*:
e variable sc-set of the st level
= sc-variable with values which are only
signs of constant sc-sets
e variable sc-set of the 2nd level

sc-link
<= partitioning*:
e constant sc-link
e variable sc-link
<= partitioning*:
e variable sc-link of the Ist level
e variable sc-link of the 2nd level
<= partitioning*:
e binary sc-link
<= partitioning*:
e binary sc-link about membership nature
<= partitioning*:
o sc-link of membership
e sc-link of non-membership
o sc-link of fuzzy membership
e binary sc-link which is not about membership
nature

sc-structure

<= partitioning*:
e constant sc-structure
e variable sc-structure
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<= partitioning*:
e variable sc-structure of the Ist level
e variable sc-structure of the 2nd level

sc-class

<

= partitioning*:

e constant sc-class
e variable sc-class
<= partitioning*:
e variable sc-class of the st level
e variable sc-class of the 2nd level

denotation of permanent entity

<

= partitioning*:

® constant permanent entity
e variable permanent entity
<= partitioning*:
e variable permanent entity of the Ist level
e variable permanent entity of the 2nd level

denotation of temporary entity

<

= partitioning*:

e constant temporary entity
e variable temporary entity
<= partitioning*:
e variable temporary entity of the Ist level
e variable temporary entity of the 2nd level

1) Consider SC-code means used for description of syntax

structure of SC-code texts detailing:

syntactic text structure*

Relation connecting a sign of certain text (not necessarily
sc-text) with sc-text describing its syntactic structure®

Alphabet of sc-elements

>

>

w

Vwwuwwuw

Family of syntactically distinguished classes of sc-elements

syntactically distinguished class of sc-elements

sc-constant

= constant sc-element

sc-variable

= variable sc-element

sc-connector

= atomic sc-link

= sc-link connected implicitly (syntactically) with its
components by means of Incidence relation of
sc-elements and Incidence relation of sc-arcs with its
second components (i.e. with sc-elements these sc-arcs
enter in)

= syntactically distinguished class of binary links for
which connection with their components is formalized by
means of syntactically implemented incidence relations

C binary sc-link

sc-node

= sc-element which is not sc-connector

sc-arc

denotation of permanent entity

denotation of temporary entity

sc-link of membership

sc-link of non-membership

sc-link of fuzzy membership



Stress that each sc-element should have three labels as
minimum which specify: (1) its logical type — constant or
variable, (2) its structural type — sc-node or sc-connector, (3)
its temporal type — permanent or temporary nature. Moreover
sc-links about membership nature should have one more label
specifying membership, non-membership, fuzzy membership.

Family of syntactically formalized relations on sc-elements
= syntactically formalized relations on sc-elements
> label’
= Relation which connects syntactically distinguished
classes of sc-elements with instances of these classes’
S incidence of sc-connectors with their components’
D incidence of sc-arcs with their second components’
3 incidence of sc-arcs with their second components’

Here is an example of how syntactic structure of sc-fexts
can be formalized with SC-code means and used to convert
sc-texts to more compact unified form based on appeared in
knowledge base information clarifying the sense of certain
sc-elements. Fig. 2 demonstrates certain constant sc-node ci.
Let it became known after some time that this sc-node is a sign
of binary sc-link* and components of this link also became
known (see Fig. 3). Then semantic structure of this sc-fext can
be converted to the form presented on Fig. 4 and further this
sc-text can be represented in more compact form demonstrated
on Fig. 5. SC-code text on Fig. 4 is a description of syntactic
structure of sc-fext from Fig. 5 and therefore these texts can
be connected by considered above relation to be syntactic text
structure®.

It’s clear that sc-texts describing syntactic structure of other
sc-texts should not be kept in knowledge base. They can
appear in knowledge base only for the period of analysis and
updating syntactic structure (coding way) of some knowledge
base fragments to make more compact and unified the way of
coding these fragments.

2) Subject domain of entities comprises a number of re-
lations which has inter-subject nature.: In the corresponding
partial subject domains various clarification of such relations
(i.e. various relations which are their subsets) are introduced
and researched. Examples of such inter-subject relations fol-
lows:

part*
= to be a part*

generalized part*
= connection of class of entities with class of certain kind of
parts of these entities™

decomposition*

= splitting a specified entity into a set of its parts
(components)*

= connection of entity with maximum (complete) family of
their disjoint parts*

generalized decomposition™
= connection of class of entities with maximum family of
classes of disjoint parts of these entities*
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We give examples of clarifying inter-subject relations for
different subject domains.

Within Subject domain of sets the following clarifications
of specified relations are introduced:

inclusion*
= subset*
C part*

partitioning*

= decomposition of a set into maximum family its pairwise
disjoint subsets*

C decomposition*

Within Subject domain of geometric points and figures
the following clarification of decomposition* relation is in-
troduced:

decomposition of geometric figure*

= set-theoretical union of geometric figures each pair of
which either does not intersect or intersects but only by its
boundary points*

C decomposition®

Within Subject domain of temporary entities the following
clarifications of specified relations are introduced:

temporal part*
= period of existence of specified temporary entity*
C part*

temporal decomposition*

= decomposition of temporary entity into family of its
disjoint temporal parts*

C decomposition™

C. Concept System of Subject Domain of Subject Domains

Consider formal model of one more important subject
domain — Subject domain of subject domains within which
various subject domains including this domain itself are objects
of research.

Key concepts within Subject domain of subject domains
are the following:

e role relations connecting signs of subject domains with
sc-elements which are included in these subject domains
and, in particular, with signs of key concepts of specified
subject domains. Such role relations have been considered
above;

e concepts which denote various classes of subject domain;

e relations specified on set of subject domain;

e family of concepts which can be defined only within
Subject domain of subject domains.

1) Consider certain classes of subject domains: which are
important for intelligent systems.



Alphabet of sc-elements

stwgonstant sc-node

.

/“’-’;bel '

ci

Figure 2. Specification of some constant sc-node ci

Alphabet of sc-elements

4

sowconstant sc-node

r

binary sc-link*

ei1 ei2

Figure 3. Adjustment of specification of sc-node ci

Alphabet of sc-elements

4

Sc-connector

ei1 ei2

Figure 4. Change of syntax type of sc-node ci

eil c¢i

Figure 5. Transformation of sc-node ci into an sc-connector
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Family of syntactically formalized relations on sc-elements

o fabel’ Family of syntactically formalized relations on sc-elements

Family of syntactically formalized relations on sc-elements

incidence of sc-elements’

ei2



subject domain
C sc-structure
<= partitioning*:
e static subject domain
C static sc-structure
o dynamic subject domain
C sc-process
= dynamic sc-structure
D subject domain of actions and tasks

subject domain of actions and tasks

D subject domain of knowledge elicitation from specified

subject domain and its ontology

= subject domain of actions for knowledge elicitation from
current state of kept in memory fragment of specified
subject domain and its ontology

= subject domain of activity during operation of specified
subject domain and its ontology, i.e. generating answers
to information questions within this subject domain and
its ontology

subject domain of improvement of specified subject domain

and its ontology

= subject domain of design actions for improvement of
current state of kept in memory fragment of specified
subject domain and its ontology

subject domain of designing on the base of specified

subject domain and ontology of corresponding class of

artefacts

= subject domain of design actions for creating
information model (specification) of certain new artefact
on the base of specified subject domain and ontology of
corresponding class of artefacts

D subject domain of external behaviour
= subject domain for changing state of specified dynamic

subject domain
D subject domain for implementation of designed
artefacts

D

D

The main problem which is solved ‘within subject domain
of external behaviour and its ontology — is the problem of
behaviour planning, i.e. the problem of creating plan of action
to achieve the specified goal.

2) Consider certain relations specified on set of subject
domains:

relation specified on set of subject domains
= relation connecting subject domains either among
themselves or with other kinds of entities
3 subject domain of knowledge elicitation from subject
domain and its ontology*
= Relation each link of which connects a subject domain
with other subject domain describing actions and tasks
for knowledge elicitation from kept in memory current
state of the first subject domain and its ontology*
3 subject domain of improvement of subject domain and its
ontology*
= Relation each link of which connects a subject domain
with other subject domain describing actions and tasks
for improvement of the first subject domain and its
ontology*
> subject domain of designing*
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= Relation each link of which connects a dynamic subject
domain describing a class of artefacts with other subject
domain describing actions and tasks for developing
information model of a new artefact belonging to
specified class of artefacts*

subject domain of external behaviour*

= Relation each link of which connects a dynamic subject
domain with other subject domain describing actions
and tasks for changing state of the first subject domain*

subject domain of implementation of designed artefacts*

C subject domain of external behaviour*

= Relation each link of which connects a dynamic subject
domain describing a class of artefacts with other subject
domain describing actions and tasks for implementation
(reproduction) of a new artefact belonging to specified
class of artefacts*

S partial subject domain*

= to be a subject domain a set of researched objects of
which is included in a set of researched objects of other
specified subject domain*

= subject domain of a subset of researched objects of
specified subject domain*

subject domain with united set of researched objects*

= to be a subject domain a set of researched objects of
which is a union of sets of researched objects of certain
family of other specified subject domains*

subject domain of class of parts of researched objects of

specified subject domain*

= to be a subject domain a set of researched objects of
which is a class of parts of researched objects of
specified subject domain* (specified parts can be either
spatial or temporal)

subject domains equivalent over a set of researched

objects*

= subject domains which have the same researched
objects but do not consider different connections of
these researched objects between themselves as well as
with other entities*

ontology*

= to be an ontology for the specified subject domain*

= Relation each link of which connects sign of a subject
domain with sign of the corresponding ontology*

3) At the end of consideration of Subject domain of subject
domains: let’s give an example of concepts which can be
defined only within this subject domain. In particular, such
a concept is a concept of concept.

concept

= class of entities which at least within one of subject
domains implements the role of researched class (the role
of class of researched objects, the role of researched
relation, the role of researched class of structures, the role
of researched class of classes)

C sc-class

So far from each class of entities can have a status of
concept.



IV.  FORMAL MODELS OF ONTOLOGIES

This chapter addresses some aspects of formal ontologies
representation using the tools of basic language of sense
knowledge representation, i.e. formal ontologies representation
as sc-texts.

Semantics of any language each of which is a set of sign
constructions is specified as follows:

e on the lower level — by clarifying sign concept and by
clarifying relations specified on sign language (this is
SC-code level);

e on the top level — by hierarchical system of subject
domains and the corresponding ontologies. This system
clarifies a variety of used in this language concepts
distributing these concepts between subject domains and
specifying them within the corresponding ontologies.

Explicit distinguishing ontologies in knowledge bases of
intelligent systems is necessary for the following:

e to fix a coordinated current version of treatment (clarifi-
cation) of all the used concepts;

e to secure a clear organization of continuous process of
developing and coordinating the system of used concepts.
In its turn, this requires detailed documenting (logging)
all the changes in concept system.

Stress that while designing knowledge bases it is necessary
on every stage to secure semantic compatibility of knowledge
bases and their components. This is especially important when
different collectives of knowledge engineers participate in the
same development process and when the system of used con-
cepts is being changed constantly and therefore ontologies also
is being changed constantly. It is clear, that such compatibility
could not be achieved without explicit distinguishing ontolo-
gies, without logs of coordinated changes of different subject
domain ontologies, without explicit distinguishing coordinated
specified versions for each of ontologies.

Each ontology is a model (specification) of a subject
domain, more precisely, a specification of system of concepts
used within this subject domain.

Classification criteria-of ontologies are the following:

e class of subject domain specified be this ontology;
e type of specification itself of subject domain.

To type of specification of subject domain could be at-
tributed the following:

e structural specifications of subject domains — structural
ontologies;

e set-theoretical specifications of subject domains — set-
theoretical ontologies,

e logical specifications of subject domain — logical ontolo-
gies;

e terminological specifications of subject domains — termi-
nological ontologies,

e integrated ontologies which unite all the specified partial
types of ontologies.

At the same time if we unite all ontologies of certain type
in a integrated text then this text can be treated as a subject
domain comprising various ontologies of specified type.
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Each structural ontology represents a fragment of Sub-
Jject domain of subject domains. This fragment contains all
information about specified subject domain:

e role structure of subject domain,

e typology of subject domain,

e connections of subject domain with other subject do-
mains.

Each set-theoretical ontology comprises not only specifi-
cation of concepts considered in the specified subject domain
but also specification of connections between relations and
their definition areas, between relations and their domains,
between characteristics (parameters) and a set of those entities
which possess these characteristics. This ontology comprises
also description of other set-theoretical connections between
concepts included in specified subject domain.

All set-theoretical ontologies can be put in correspondence
with Subject domain of sets researched objects of which are
various sets including concepts comprised by specified subject
domains.

Each logical ontology comprises:

e indication of not-defined concepts of specified subject
domain;

e definitions of defined concepts;

description of hierarchical system of concepts based on

the facts which concepts are used in definition of each

concept;

axioms;

theorems;

proofs;

description of hierarchical system of axioms and theorems

indicating which axioms and theorems have been used for

proving each theorem;

e description of different types of connections and analogies
between definitions, axioms, theorems and proofs.

By analogy with relationship between structural ontology
and Subject domain of subject domains logical ontilogies is put
in correspondence with Subject domain of logical formulas
key concepts of which are the following: sc-variable concept,
concepts of logical formula, atomic logical formula, non-
atomic formula of existence, conjunctive formula, disjunctive
Jormula, implicative formula, formula of negation and other
concepts.

Each atomic logical formula is treated on SC-code as a
permanent sc-scructure among the elements of which there are
both sc-constants and sc-variables. Each non-atomic logical
Jormula is treated as sc-link which is attributed to the corre-
sponding sc-class of non-atomic logical formulas and elements
of which are signs of logical formulas which are components
of given non-atomic logical formula.

Each terminological ontology comprises:

description of main terms used for external representa-
tion of all the concepts considered by specified subject
domain;

description of minor terms belonging to different lan-
guages with specifying synonymy and homonymys;

e description of origin of used terms;



e description of connections of terms with authoritative
documents in which these terms are used;

e description of linguistic specification of each term;

e description of rules of creating names for instances of
concepts considered within a specified subject domain.

Terminological ontologies are put in correspondence with
Subject domain of terms, by analogy with relationship be-
tween logical ontologies and Subject domain of logical formu-
las.

It is clear that each considered in this chapter subject
domain is put in correspondence with its integrated ontology:

Ontology of entities,
Ontology of subject domains,
Ontology of sets,

Ontology of logical formulas,
Ontology of terms.

Ontology of entities

= Base ontology of SC-code reflecting main principles of its
syntax and semantics

= Ontology of Subject domain of entities

= General ontology of entities

V. ONTOLOGICAL MODEL OF INTELLIGENT SYSTEM

A feature of designing knowledge data bases is the fact
that knowledge bases are both objects and results of design
because in this case information model of designed object
which is the result of design and design object itself coincide,
i.e. knowledge base and its information model are one and the
same thing.

Knowledge bases of intelligent systems which are devel-
oped on the base of SC-code in the form of sc-models of
knowledge bases and designing of those knowledge bases have
a number of advantages and features.

Since SC-code is universal language of formal knowledge
representation it can be used not only for representation of
ontological model of knowledge base of intelligent system
(sc-model of knowledge base) but also of ontological model
(sc-model) of intelligent system on the whole. Clear that
sc-model of knowledge base of intelligent system will be a
part of sc-model of this intelligent system.

If we introduce the concept of extended knowledge base
of intelligent system and if we consider sc-model of this
intelligent system as such knowledge base we will have a lot
of advantages. These advantages mainly relate to significant
increasing flexibility of developed intelligent systems and of
their platform independence. Flexibility level of developed
intelligent systems is determined by work content for changing
system maintaining its integrity. In case of collective develop-
ment flexibility level is determined also work content is.

Platform independence level is determined by a number
of “coordination points” between developers of sc-models of
certain intelligent systems (i.e. designers of such systems)
and developers of interpreters for different platforms providing
interpretation of sc-models of any intelligent systems. Onto-
logical character of sc-models of intelligent systems provides
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an opportunity to clear indicate “coordination points” which
are concepts of the corresponding ontologies.

The structure of sc-model of extended knowledge base
of ostis-system is a reflection of this ostis-system architecture
because such extended knowledge base comprises:

e sc-model of main subsystem of ostis-system;

e sc-model of subsystem of improvement of extended
knowledge base of considered ostis-system;

e sc-model of subsystem of improvement of inte-
grated knowledge processing machine of considered
ostis-system. This integrated machine comprises knowl-
edge processing machines of all subsystems of this
ostis-system;

e sc-model of subsystem of improvement of integrated
user interface of considered ostis-system. Such inter-
face comprises user interfaces if all subsystems of this
ostis-system.

All the specified subsystems of considered ostis-system, in
their turn, comprise the following:

o sc-model of knowledge base of subsystem;

e sc-model of knowledge processing machine of subsys-
tem;

o sc-model of user interface of subsystem.

Stress that sc-model of user interface of each subsystem
of ostis-system and also sc-model of integrated user interface
of the whole ostis-system consists of sc-model of knowledge
base of user interface and sc-model of knowledge processing
machine of user interface.

sc-model of knowledge base of user interface, in its turn,
comprises:

e description of syntax and semantics of all used external
languages. This description should be full enough to
make it possible translation of SC-code texts to external
language and vise versa by knowledge processing machine
of user interface;

e description of how “main window” of user interface of
the subsystem of considered ostis-system is included in
“main window” of integrated user interface of this ostis-
system,

e description of interaction principles of user interface with
users on the low interface level;

e interface models of users containing information about
their peculiarities, possibilities and preferences. This in-
formation makes interface to be able to adapt to each user
and to make more effective interaction with user.

So designing ostis-system, in fact, is reduced to design-
ing its extended knowledge base. At the same time specific
of designing integrated knowledge processing machine of
ostis-system and its integrated user interface is reduced to
only semantic specifics of the corresponding sc-models — of
sc-models of knowledge processing machines and sc-models
of user interfaces which are specified by the corresponding
ontologies: Ontology of knowledge processing machines and
Ontology of user interfaces.

It follows that Subject domain and ontology of sc-models
of knowledge bases coincide completely within OSTIS Tech-



nology with Subject domain and ontology of sc-models of
ostis-systems.

Accordingly Subject domain and ontology of designing
sc-models of knowledge bases is identified with Subject domain
and ontology of designing sc-models of ostis-systems.

At the same time Subject domain and ontology of sc-models
of knowledge processing machines and also Subject domain
and ontology of sc-models of user interfaces become partial*
in relation to Subject domain and ontology of sc-models of
knowledge bases.

Information about different kinds of activity of
ostis-system, its subsystems and its users is also included in
sc-model of extended knowledge base of ostis-system:

e information about work of ostis-system users on the
low (front-end) level. This is results of monitoring and
analysis of user activity on front-end level,

e information about operation of ostis-system includes
knowledge elicitation (first of all by users) from the
current state of extended knowledge base. Such knowl-
edge elicitation means not only information search but
also solution of problems of any level of complexity.
Description of operational activity is formalized as logs
of dialogue between ostis-system and their users. These
logs (1) can be interesting for users themselves, (2) can
be useful for clarifying models of information necessities
of users — it is important for increasing efficiency of
interconnecting with users on meaningful level, (3) can
be useful for detecting errors and defects of ostis-system
itself;

e information about continuous activity for improving
knowledge base of ostis-system both in whole and within
improving sc-models of its separate subsystems.

Information about improvement of knowledge base com-
prises:

current coordinated state of knowledge base;

log of changes of knowledge base;

suggestions for improvement of knowledge base;

current state of process of coordinating suggestions for
improvement knowledge base;

e log of coordinating suggestions for improvement knowl-
edge base.

So extended knowledge base of ostis-system reflects two
viewpoints of ostis-system consideration:

e ostis-system architecture;

e ostis-system dynamics in terms of its operation and evo-
lution (past activities and their results, current activities,
future planned events).

VI. ONTOLOGICAL MODEL OF DESIGNING
INTELLIGENT SYSTEM

As it was mentioned in the previous chapter designing
intelligent system using OSTIS Technology is reduced to design
of its extended knowledge base which represents meaningful
sc-model of developed intelligent system. Typology of design
actions while designing intelligent system is determined by:
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e typology of designed component of intelligent system;
e type of design action.

Depending on typology of designed component the follow-
ing actions can be distinguished:

e subject-independent design actions for developing
sc-models of various knowledge base fragments;

e specific actions for developing sc-models of knowledge
processing machines;

e specific actions for developing sc-models of user inter-
faces.

Depending on type of design actions the following activi-
ties can be distinguished:

e testing of given fragment of extended knowledge base;

e climination of contradictions and errors in knowledge
base detected during testing;

e information waste removal (i.e. those sc-texts which are
not needed more);

e addition of new sc-texts which do not change structure of
any subject domain (i.e. its ontology);

e change of structure of subject domain. Each such change
should have a clear specified transition period at the end
of which all the needed corrections of this subject domain
and its ontology caused by replacement of one group of
concepts to another should be completed;

e whole complex of design actions for changing subject
domain and its ontology in accordance with coordinated
changes in system of concepts of this subject domain.
The first step of this process is generating design action
plan which is directed to knowledge base engineers. On
the next step engineers of knowledge bases enter into
knowledge base formal definitions of all new concepts
and also of obsolete replaceable concepts on the base of
currently used concepts. Further design actions can be
completed manually or automatically;

e cxpertise, coordination and approval of suggestions for
improvement of knowledge base.

VII. INTELLIGENT SYSTEM FOR COMPLEX
AUTOMATION OF DESIGNING INTELLIGENT SYSTEMS

Proposed OSTIS Technology is implemented as an intelli-
gent system which created with OSTIS Technology itself. We
called this system IMS Metasystem (Intelligent MetaSystem).
The current version of this metasystem contains accumulated
to this moment and formalized models, tools and methods
of designing intelligent systems which are included in OSTIS
Technology.

Remember that the main advantage of OSTIS Technology is
flexibility of ostis-systems, i.e. systems which are developing
on this technology. It is true also for IMS Metasystem be-
cause it is also ostis-system. It follows flexibility of OSTIS
Technology itself, i.e. ensuring high level of development
(improvement) of this technology. The main work content
of OSTIS Technology development is reduced to creating a
clearly working infrastructure which ensures organization of
expertise, coordination and approval of various suggestions for
improvement of OSTIS Technology. From formal point of view
these suggestions represent suggestions for improvement of
extended knowledge base of IMS Metasystem. Stress that at the



same time IMS Project aimed to developing IMS Metasystem
and, consequently, to developing OSTIS Technology is an open
project. Such a project allows to anyone who wishes to get into
team of OSTIS Technology developers following all the rules
of project activity organization.

IMS Metasystem interacts not only with its developers and
end-users but also with other ostis-systems which are created
on OSTIS Technology and represent its child systems*. IMS
Metasystem for its child systems:

e carries out automatic assembly of child ostis-systems
starting versions on instructions which developers of these
systems direct to IMS Metasystem. This way new child
ostis-systems are generated;

e includes in child ostis-systems new reusable components
from permanently replenished OSTIS Library. IMS makes
it on its own initiative or on request of developers;

e replaces in child ostis-systems obsolete versions of
reusable components by new versions from OSTIS Li-
brary. IMS makes it on its own initiative or on request
of developers;

e includes in child ostis-systems a subsystem of improve-
ment of its extended knowledge base and, if necessary,
a subsystem of improvement of its infegrated knowledge
processing machine and of user interface;

e automatically forms and directs to child ostis-systems
various suggestions for improvement of these systems
caused by new features of permanently improved OSTIS
Technology. These suggestions should have its own expert
examination, coordination and approval within a project
of improvement of the corresponding child ostis-system.

Thus after child ostis-systems appeared its connection
to IMS Metasystem is not interrupted and IMS Metasystem
become a permanent participant of process of improvement of
all child ostis-systems.

Note also that all published materials ‘about OSTIS Tech-
nology in formalized type are included in IMS Metasystem
knowledge base [3].

More detailed information about IMS Metasystem see in
[10].

VIII. CONCLUSION

In the heart of ontology-based design lies development
of a complex of interconnected subject domains and their
corresponding ontologies.

The main advantage of ontological approach to design is
essential increasing of flexibility of both developed systems
and design activity because of clear differentiation of (1) those
design activities which can be executed locally within the
corresponding subject domains and therefore do not require
any coordination with design actions within another subject
domains and (2) those design actions which should be coordi-
nated between different subject domains under clearly specified
coordination procedure.

Flexibility and clearness of decomposition of designed
systems ontological models are the basis for effective organi-
zation of collective design activity.
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When designing dynamic systems the main object of design
is not only structure of these systems but also activity of these
systems (activity of knowledge processing machine, activity of
users during system operations and for system improvement).

Universal language of knowledge representation within
intelligent systems (SC-code) is an effective formal base for
implementation of ontology-based design of both intelligent
systems and any other technical systems. The main advantages
of SC-code are unity of syntax and semantics and also unity
of language and metalanguage.

Development of formal knowledge models is a key issue
in designing intelligent systems because quality of knowledge
processing machine, of user interface and other components
of intelligent system directly depend on quality of knowledge
base. But development of formal knowledge models is a key
issue also:

e when designing any complex technical systems because
direct product of any design is an information ontolog-
ical model which is complete enough for the following
implementation (reproduction) of this technical system;

e when organizing collective development and coordination
of any other scientific and technical information, for
example when developing standards;

e when processing results of any scientific researches be-
cause in this case results should be well structured, clearly
represented, verified and coordinated knowledge.

More precise definition of ontology-base design of intelli-
gent systems offered in this paper comprises solutions of the
following problems:

e creating ontology of design objects — Ontology of intelli-
gent systems. Such ontology is nothing but general formal
theory of intelligent systems based on unified formal
models of intelligent systems;

e creating ontology of design actions — Ontology of design-
ing intelligent systems;

e creating ontological model of intelligent system for au-
tomation of designing intelligent systems.

Further developing formal models of ostis-systems would
require include in ostis-system architecture the following ad-
ditional systems:

o subsystem of users training ostis-system which allows
end-users and developers to get new knowledge and skills
during interconnection with ostis-system;

o subsystem of information security of ostis-system;

o subsystem of verbal interface with other systems (includ-
ing other ostis-systems);

e subsystem of perception and primary analysis of non-
verbal information about external environment;

e subsystem of non-verbal influence on external environ-
ment.

Particular aspects of OSTIS Technology are considered in the
following works:

e about technology of designing knowledge bases of
ostis-systems see [14];

e about technology of designing knowledge processing ma-
chines see [30];



e about technology of designing user interfaces of
ostis-systems see [17];
e about creating interpreters of formal models of

(1]
[2]

[3]
[4]
[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ostis-systems on different platforms see [18].
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OHTOJIOI'MYECKOE ITPOEKTUPOBAHIE
VHTEJJIEKTYAJIBHBIX CUCTEM

T'onenkos B.B.

CraTbsl MOCBSIIEHA YTOYHEHUIO TOHATHST (hOPMAIHHOMN
MOJIEJI MHTEJIJIEKTYaJIbHON CHUCTEMBI, a8 TaKXKe pacCMOT-
PEHUIO0 METOIUK U CPEJICTB TPOEKTUPOBAHUS WHTEJIJIEKTY-
aJbHBIX cucTeM. COBOKYITHOCTD TAKUX MOJIEJIei, MeTO/IUK 1
CPEJICTB €CTh HE YTO WHOE, KaK TEeXHOJIOTUs IIPOEKTHPOBa-
HUSl UHTE/UIEKTYAJIBHBIX CUCTEM. AKTYaIbHOCTD CO3aHUS
TAKUX TEXHOJIOTHT O0YyCJIOBJIEHA pPacCIIupeHneM obJracTei
[IpUMEHEHUsI MHTEeJIJIEKTYaJIbHBIX CUCTEM U, KaK CJIeJICTBHE,
HEOOXOIMMOCTBIO CYIIECTBEHHOTO CHUXKEHUS TPYIOEMKO-
CTU UX pa3paboTKu.



OcoOEHHOCTHIO JIAHHOW CTATHU SIBJISIETCS PACCMOTPE-
HHUE TEXHOJIOTHH ITPOEKTUPOBAHUS UHTEIJIEKTYAJIbHBIX CHU-
CTeM Ha OCHOBE OHTOJIOI'HI, T.e. OHTOJIOTHMYEeCKas TpakK-
TOBKa yKazaHHON TexHosoruu. OHTOJOTHIECKUN TOIXOT,
K IPOEKTHPOBAHUIO JIIOOBIX KJIACCOB CJIOXKHBIX CHCTEM (B
TOM YHCJIE M UHTEUIEKTYAJIbHBIX CHCTEM) JAeT BO3MOXK-
HOCTb YETKO U HMepapXu4yecKH JEeKOMIIO3UPOBaThb IPOIECC
MIPOEKTUPOBAHUS JIIODOM CHCTEMBI 3aJJAHHOTO KJacca Ha
TaKue MPOEKTHBbIE JIeHCTBUsA, MHOIME M3 KOTOPBIX MOLYT
BBIIIOJIHATBCS IIapaJsljleJIbHO U KaxK/l0e U3 KOTOPLIX MOXKeT
OBITH BBIIOJIHEHO JIOKAJIBHO, T.€. HE BBIXOJS 3a IIPeJIeJIbl
KOHKDETHBIX OHTOJIOTUH.

Takum obpasoM, mEepapXUIecKoil cucTeMe MPOEKTHBIX
JeficTBUii CTaBUTCA B COOTBETCTBUE HepapXU4YeCKas CHU-
cTeMa OHTOJIOTHI, B paMKax KOTOPOIl COOTBETCTBYIOIIUE
[IPOEKTHBIE JIEHCTBUS MOT'YT OBITH BBITOJHEHBI. OYeBUIHO,
YTO 3TO CYIIECTBEHHO yCKOPAET IIPOEKTHYIO J1eATeIbHOCTh
IyTEM ee paclapajuleJIuBaHus U JIOKAJIU3AIUH 00JacTH
IIOUCKa PeIIeHUs IIPU BBINOJHEHNN KazKJIOT0 IPOEKTHOI'O
JIeiCTBUS.

IIpoGtembl, KOTOpBIE HEOOXOIUMO PEIIUATE JJIs JTOCTH-
JKEeHU IIOCTAaBJICHHON IeJIn:

e Jls moBbimenus 3hpOEKTUBHOCTH MTPOEKTHPOBAHUS

WHTEJJIEKTYaJIbHBIX CHCTEM HEOOXOINMO WMeTb O00-
11yt (KOMILIEKCHYI0, UHTEIPUPOBAHHY IO, EJOCTHYIO)
TEXHOJIOTUIO POEKTUPOBAHUST NHTEJIJIEKTYAJIbHBIX CH-
cTeM, B paMKaxX KOTOPO# ObLIM OBl COrVIACOBAHBI BCE
He00XO/IMMbIe JACTHBIE TEXHOJIOTHH, T.€. ObLIa Obl ra-
PAHTHPOBAHA COBMECTHUMOCTH IIPOEKTHBIX DPeNIeHMii;
KOTOPBIE MOT'YT OBITh TIOJyYEHbI B PAMKAX PA3JINIHBIX
YJaCTHBIX TEXHOJIOTUMN.
COBMECTUMOCTDh TAKHX HPOEKTHBIX PEIIeHUu#l — 3TO
COBMECTAMOCTD Pa3/IMIHBbIX BHUOB KOMIIOHEHTOB HH-
TEJUIEKTYAJIbHBIX CHCTEM, KOTOPbIE MOI'YT ObITH ITPO-
JIyKTaMu pa3paboTKu B OOIIEM CJIydae PasiudHbIX U
HE3ABUCHUMBIX JPYT OT JPyra KOJUIEKTUBOB pa3paboT-
9uKOB. B dacTHOCTH, JOKHA OBITH TapaHTHPOBAHA
COBMECTUMOCTDb Pa3/IMYHBbIX BHUJIOB 3HAHUII, KOTOPHIE
BXOJISIT B CcOCTaB 0a3bl 3HAHUMN, PASINIHBIX MOJEei
pereHust 3aJ1ad, UCIOJIB3YEMbIX MHTE/IEKTYAJTHHBIM
perraTesieM 3ajad, COBMECTUMOCTH PA3JUIHBIX MO-
Jeiell TOHUMAHWs -BHENTHEN HHMOPMAIKT, KOTOPast
[IOCTYTIAeT B MHTEJJIEKTYAJbHYIO CHCTEMY 10 PA3HBIM
KaHaJjiaM, B Pa3HOM (hopMe U Ha Pa3HBIX SI3bIKAX.

e YUTo0bL CO3/1aTh OONIYyI0 MHTEIDUPOBAHHYIO TEXHO-
JIOTHIO TIPOEKTUPOBAHUST MHTEJIEKTYAJIBHBIX CHCTEM,
He00X0/IUMO Pa3padboTaTh O6ILyI0 (POPMAJIBHYIO TEO-
PUIO UHTEJUIEKTYAJIBHBIX CHCTEM.

e TexHojorust MPOEKTUPOBAHNS HHTEJIEKTYATbHBIX CH-
cTeM JI0JIZKHA 00eClieYnBaTh CHIXKEHUE TPYI0eMKOCTH
HE TOJIBKO IIPU MEPBOHAYAILHON pa3pabOTKe WHTEJ-
JIEKTYaJIbHBIX CHCTEM, HO U B MPOIECCe MOCTOSTHHOTO
UX COBEPIICHCTBOBAHMS (MOIECPHU3AIUY, PEUHKUHU-
PHHIA) BO BpeMsl 9KCILIYaTAIN.

e Heobxoamnmo, 1T00BI (hopMATHLHBIE MOJIETN THTEIEK-
TYaJIbHBIX CHCTEM, KOTODPBIE SIBJISIOTCSI IIPOJLYyKTaMMU
(pe3ysibraraMu) uUX POEKTUPOBAHUS, ObLIA MAaKCH-
MaJIbHO TIPOCTBI U JIEFKO ITOHUMAaeMbl HE TOJIbKO WH-
TeprperaTopaMu, KOTOPbIe UCIOJIB3YIOTCs Il UX pe-
AJIM3aIi HA PA3JIUYIHBIX IIaTdopMax, HO U BCEMH
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pazpaboTauKaMu MOJOOHBIX MOJIEIEH.

e Tak Kak MOJEJIM IPEJCTABJICHUS 3HAHWI U MOJIEIU
00pabOTKN 3HAHWI MOTYT PA3JIMIaThCs § PA3HBIX UH-
TEJUIEKTYaJIbHBIX CHCTEM, OCHOBOH JjIsi Pa3paboTKH
TaKUX MOJIeJIeil JI0JI?KeH ObITh €JIMHBIN YHUBEpPCAJIb-
HBIA OPUHIAI, "CKeJIeT KOTOPBI TO3BOJIET CTPOUTD
nepapxuvyecKre MHOTOYPOBHEBbIE MOJIEJIA IIPEJCTAB-
JieHUst 1 0OpabOTKYU 3HAHUIT JIF0OOU KOH(MUIY DA,
st Momeneit mpecTaBeHUsS 3HAHUNE HEOOXOIMMO
UMeTh BO3MOXKHOCTD I1€pex0jia OT 3HAHWI K MeTa3Ha-
HUSIM, OT MEeTa3HAHUI K MeTAMETA3HAHUSM U T.1., U, B
YACTHOCTH, OT OLMCAHUS JeHCTBUl (KaK BHYTPEHHUX,
TakK 1 BHeU_IHI/IX) K OIIMCAaHUIO JCHCTBUNA CKOJIb YI'OILHO
6oJiee BBICOKOTO yDPOBHSI.
st Momeneit 0OpabOTKHU 3HAHMN HEOOXOIMMO UMETD
BO3MOXKHOCTB I1€PEX0/ia OT APEHTOB, CIIOCOOHBIX BbI-
IOJTHATD EHCTBUS OJHOTO YPOBHS, K KOJIJIEKTUBHBIM
areHTaM, CHOCOOHBIM BBIOJHSATH [EWCTBUS CKOJIb
YTOJIHO 60JIee BBICOKOIO YPOBHSI.

HecMmoTpst HA TO, YTO y2Ke CYIIECTBYET JIOCTATOYTHO
MHOTI'O COBPEMEHHBIX T€XHOJIOTUH TPOEKTUPOBAHUS UHTEJI-
JIEKTyaJIbHBIX CHCTEM, OHHU PEIIaloT JAJIEKO He BCe YKa3aH-
HBIE BhIIIIE pobJieMbl. Tak B 1mocieiHee BpeMst HanboJIbIlee
BHUMaHUE yJIe/IeTCAd NHXKEHEPUM 3HAHUI U TEXHOJIOIUAM
OHTOJIOIMYECKOI'0 MHXKUHUPUHTA B YIIIEPO JIPYTUM HE MeHee
BaXHBIM acCIeKTaM IIPOEKTHUPOBAHUS WHTEJIEKTYaJIbHBIX
CHCTEM.

Kak CcJjeaCcTBrue 9TOoro, COBpeMeHnHbie TeXHOJIOTUU IIPO-
CKTUPDOBaHNA NMHTEJIJIEKTYaJIbHBIX CUCTEM:

® CTPOSTCA HE Ha OCHOBe 00mmeil hopMaIbHOE Teo-
pUU WHTEJUIEKTYAJBbHBIX CHCTEM U, CJI€JIOBATEIBHO,
HEJIOCTATOYHO JETAJbHO PACCMATPUBAIOT HHTEIDAIIAIO
“pa3sHOPOIHBIX KOMIIOHEHTOB MHTEJIJIEKTYaIbHBIX CHU-
creM (6a3 3HaHUIl, MaIIMH 06PAOOTKU 3HAHUIL, 10JIb30-
BATEJIbCKUX HHTEPMENCOB), & TaKXKe He UMEIOT €J[MHOIT
YHUBEPCAJIBHON (POPMAIHHON OCHOBBI, TTO3BOJISIOIIEH
B paMKax TEXHOJOIHH WHTETPUPOBATH CaMble Pa3HO-
oOpa3Hble HAay4YHble W IPAKTHUYECKHE Pe3yJbTaThl B
00JIACTH MCKYCCTBEHHOTO WHTEJLIEKTA,;

e He 00ecrednBaloT COBMECTUMOCTD Pa3padaThIBAEMbIX
WHTEJJIEKTYAIBHBIX CUCTEM W WX KOMIIOHEHTOB, 9TO
3aTPY/IHIET OPraHU3aIMI0 OJTHOBPEMEHHOIO MTPOEKTHU-
pPOBAHUSI PA3HBIX KOMIIOHEHTOB OJIHON CHCTEMBI C 10~
CJIeJIYTOIIell MHTerpanueil STUX KOMIIOHEHTOB, & TaK-
2Ke pa3paboTKy KOJUIEKTUBOB WHTEJIEKTYAJIbHBIX CHU-
CTeM;

e He 00ecreunBaOT IJIAT(MOPMEHHYI0 HE3aBUCUMOCTH
IPOEKTUPOBAHUS WHTEJJIEKTYAJTbHBIX CHCTEM, T.€.
YeTKOe pa3jesieHne IpPoIecca pa3pabOTKU ITOJTHBIX
(dOopMaIbHBIX MOJIEJIell MHTEIIEKTYaIbHBIX CUCTEM W
mporiecca pa3zpaboOTKH HHTEPIPETATOPOB ITUX MOJIe-
Jiell Ha Pa3InYHbIX IJIAT(GOPMAX;

® He UMET (DOPMAJIN30BAHHBIX METOUK KOMILIEKCHOI'O
KOJJIEKTUBHOT'O ITPOEKTUPOBAHUST MHTEJIEKTYATbHBIX
CHCTEM U, B YaCTHOCTH, HE UMEIOT YeTKO (DOpMaJjIn30-
BAHHBIX PAMOK ITOJTHON HE3aBUCUMOCTH OJHOBDEMEH-
HO BBINOJIHSIEMBIX BETBEHl MPOEKTUPOBAHUS U TOYEK
HeobxoIMMOro ux coryiacopanusi. CjieJoBaTe/IbHO, He
06eCIeYnBalOT COKPAIIEHNE TPY/IOEMKOCTA U CPOKOB
pa3paboTKN MHTEJUIEKTYAJIBHBIX CHCTEM;



e He BKJIIOYAIOT B Ce0sT METOAMK OOyYIeHWsT WHIKEHe-
POB HHTEJUIEKTYAJIbHBIX CHUCTEM, U, CJIEI0BATEJIBLHO,
He 00eCcIIeYnBaloT MOBBINIEHNE UX KBAJU(MUKAIINN TIPH
pa3paboTKe U IKCILIYATAIUH ITUX CHCTEM;

® He MOJIEPKUBAIOT COOCTBEHHOE Pa3BUTHE, B TOM YLC-
Jle, TMyTeM aHaJn3a W CHCTEMATHU3AINNA ITPOEKTHOTO
OIIBITA.

B ocnoBe mpemmaraemoro momgxoma K CO3JAHUIO KOM-
MJIEKCHOIT TeXHOJIOTUM IIPOEKTUPOBAHUS MHTEIJIEKTYaJIb-
HBIX CHCTEM JIeXKaT CJIEJYIONINe IPUHITAIIBL:

e llcrosib30BaHNE OHTOJIOTUYECKOI'O IMOJIXOIA K IIPOEK-
THUPOBAHUIO UHTEJJIEKTYAJIbHBIX CUCTEM, T.€. IIOIX0/Ia,
OCHOBAHHOI'O HA WEPAPXUIECKON cucreme (hopMab-
HBIX OHTOJIOT'UIA.

e PazpaborKa NPUHIUIIOB U COOTBETCTBYIOIIIX OHTOJIO-
ruit 171 (POPMAaIBHOTO CMBICTOBOTO IIPEJCTABICHUS
3HaHU# JI000T0 BHUA, B TOM YuCIe U (HOPMATHHBIX
OHTOJIOI'UH.

e Pazpaborka PopMabHON OHTOIOTUN HHTEJIIIEKTY b=
HBIX CHCTEM, Ha OCHOBE KOTOPOI BBIINOJIHSETCS YHU-
dukanus u yrnporinenue (popMaJIbHBIX MOJIEJel HHTE/T-
JIEKTYAJIBHBIX CHCTEM.

e PazpaboTka mepapxmudecKkoil CUCTEMBbI COTVIACOBAHHBIX
(coBMecTHMBIX) (DOPMAIBHBIX OHTOJIOMMH IS Pas-
JINYHBIX BUJOB 3HAHUN M PA3JIMIHBIX MOJeseil obpa-
0OTKM 3HaHUil. DTO ObeclIeYnBaET MHTErPAIUIO Pas3-
JINYHBIX BUJOB 3HAHUN W PA3JIMYHBIX MOJeseil obpa-
OOTKM 3HAHUI, & TaKXKe HE3aBUCHMOCTD OT IJIaT(OPM
UX UHTEpPIPeTaIn.

e Pazpaborka OO6mieit momesm 06pabOTKU 3HAHWUIA, KO-
TOpas MPEJCTaBJsIeT cOOOU KOJIIEKTUB areHToB, Pa-
GOTAIONIIX HAJT ODITEell CEMaHTHIECKOH TaMsIThIO, B3a-
UMOJIEHCTBYIOIINX Yepe3 3Ty MaMsITh U YIIPABJISIEMbIX
3HAHUSIME, KOTOPbIE XPAHATCH B YKA3aHHOW MaMATH.
Odopmienne 3Toit MOJIEIN B BUJE OHTOJIOTUN, 9aCT-
HBIMI TI0 OTHOIIIEHUIO K KOTOPOW OyIyT pasInmdHbIe
OHTOJIOTHU KOHKPETHBIX MOJeseii 00paboTKy 3HAHMUIL
(MHIYKTUBHBIX, J€JlyKTUBHBIX, YETKUX, HEUETKUX U
TJL).

e PaspaboTka mepapxmdecKoil CHCTEMbI COTIACOBAHHBIX
(dOpMaJIbHBIX OHTOJIOTHI IIPOEKTHON IesITeJIbHOCTH,
HAIIPABJICHHON HE TOJIPKO Ha ITOCTPOEHUE HHTEJLIEK-
TYaJIbHBIX CACTEM, HO U Ha IIOCTOSHHYIO MX MOIuduU-
KAIIUIO HEIOCPEJICTBEHHO B IPOIECCE IKCIIYATAIMN.
Takast mepapxudeckast cucrema (HOPMAJIBbHBIX OHTO-
JIOTHi TTPOEKTUPOBAHIS BMECTE C COOTBETCTBYIOIIAMHU
MHCTPYMEHTAJIbHBIMA JIOJI?)KHA O0ECIIEYUTh BBICOKHE
TEMIIbI COBEPIIEHCTBOBAHUS WHTE/JIEKTYAJbHBIX CH-
CTeM BO BPEMS UX IKCILIyaTAIUH.

e ObecrieueHne BBICOKOI'O YPOBHsI TMOKOCTU ITpeJjIara-
eMOl TeXHOJIOTUH OJIaroapsi TOMY, UTO TEXHOJIOTHS
peajm3yeTcss B BUJE HHTEJIEKTYaJbHOI MeTacucre-
MBI, KOTOpasi 00eCIIeInBaeT KOMILIEKCHYO [OJIIEPKKY
pa3pabOTKN WHTEJUIEKTYAJIbHBIX CHCTEM II0 TIpejiara-
€MOI TEeXHOJIOIMH U KOTOpas caMa [OCTPOEHA 110 ITON
2K€ TeXHOJIOTUH.

e Pazpaborka dhopMaIbHOI OHTOJOIHH COBEPIIEHCTBO-
BAHUs TEXHOJIOTMH IIPOEKTUPOBAHUS NHTEJIEKTYa b
HBIX CHCTeM: HAKOILJIEHNE W CUCTeMAaTH3AIs IPOEKT-
HOTO OIIBITA, pACIIUpeHrne OubJIMOTEK MHOTOKPATHO
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UCIO0JIB3YEMBIX KOMIIOHEHTOB H T.JI.

e llcmosib30BaHNEe METONKNA KOMIIOHEHTHOTO ITPOEKTH-
pOBaHWS, B OCHOBE KOTOPOW JIEKUT IIOCTOSHHO IIO-
IIoJIHAEeMad 6I/I6JII/IOTeKa. MHOI'OKPATHO HCIIOJIb3YyEMBbIX
KOMIIOHEHTOB. DTO IOTOJHEHUE BBIMOJIHSIIOT KaK pas3-
pabOTINKN TEXHOJIOIMH TPOEKTUPOBAHUS, TAK U Pa3-
paboOTYNKU KOHKPETHBIX WHTE/JIEKTYAJbHBIX CHCTEM.
Takum obpazom, mpejjiaraemasi TEXHOJIOTHs, OPOPM-
JIeHHAs KAK MHTEJIJIEKTyaIbHas METACUCTEMA U PEaJIU-
30BaHHAasI 110 TOH YKe TEXHOJIOruH, 06J1a1a€T BBICOKUMHU
TeMIaMu pa3BuThs, uMesi 3PEPEKTUBHBIE CPEICTBA
crrerudUKAIY HAKAIJIIBAEMOr0  MHYKEHepaMu IIPO-
€KTHOTO OITbITa, 3(pDEKTUBHBIE CPEJICTBA CIIeIMUKa-
UM HOBBIX HAYYHBIX PE3YJILTATOB (T:€. IIPUHIUIIUAT -
HO HOBBIX MOJIEJIEll, CPEICTB U METOMOB, IIPEeJJIarae-
MBIX JIsl Pa3pabOTKU UHTEJUIEKTYAJIBHBIX CHCTEM) W
3 dEeKTUBHBIE CPECTBA [JIsi BHECEHUs] M3MEHEHU B
Te MOJIEJIN, CPEJCTBA U METOJBI, KOTOPbIE UCIIOJIb3Y-
FOTCsI B TEKYIIMA MOMEHT.

e Hajmume emuHOrOo QyHIAMEHTA, MTO3BOJISAIONIETO HA
€ro OCHOBE CTPOUTH PA3JIUYHBIE YPOBHU HEPAPXUU
KOMIIOHEHTOB MHTEJJIEKTYaJIbHBIX CHCTEM, T.e. IIepe-
XOIUTHh OT YPOBHS K METAyPOBHIO, OT 3HAHUS — K
MeTa3HaHMUIO, OT JEHCTBUI, KJIaCCOB JefCTBUIl U CIIO-
CcOOOB WX BBINOJIHEHUSI — K MeTaJIefiCTBUASIM, KJIaCCaM
MeTaefiCTBAN 1 CIIOCO0aM WX BBIIOJHEHUsI, OT CUCTEM
~ K MeracucreMaM. DBuarogaps 3TOMY IOSIBJISETCS
BOBMOXKHOCTBb CO3/IaBaTh MHOIOYpPOBHEBbIE OubOJ/IMOTE-
KU MHOTOKDPATHO HCIOJIb3YEMBIX COBMECTHUMBIX KOM-
ITOHEHTOB. Bce 3TO /1aeT BO3MOXKHOCTH CYIIECTBEHHO
MOBBICUTH YPOBEHb KOMIIOHEHTHOI'O IIPOEKTUPOBAHMUSI,
KOTJ[a KOMITBIOTEPHBIE CHCTEMBI COOMPAIOTCS M3 KOM-
[IOHEHTOB JIIOOOT0 YPOBHSI ME€PAPXUN.

e [Ipeiaraemast TEXHOJIOTUsI MIPEJCTABsIET COOOM OT-
KPBITYI0O CEMaHTUIECKYI0 TEXHOJIOIHIO KOMIIOHEHT-
HOM TIaThOPMEHHO-HE3aBUCUMON pa3paboTKu THO-
KUX COBMECTHMBIX HMHTEJUIEKTYAJIbHBIX CHCTEM U Ha-
sBana nHamu Texuosormeit OSTIS (Open Semantic
Technology for Intelligent Systems).

B ocHOBe OHTOJIOIrMYECKOr0 IIPOEKTUPOBAHUS JIFOOBIX
CHCTEM JIEXKUT pa3paboTKa IEJI0T0 KOMILIEKCa B3anMOCBSI-
3aHHBIX TPEIMETHBIX 00/1acTelf W COOTBETCTBYIONINX WM
OHTOJIOT'UA.

OcHOBHOE HOCTOMHCTBO OHTOJIOTMYECKOTO MOIXOMa K
[TPOEKTUPOBAHUIO — 9TO CYIIECTBEHHOE TIOBBIIIEHNE THOKO-
CTH KaK CaMuX pa3pabaTbiBaeMbIX CHUCTEM, TAK U CAMOMN
MIPOEKTHOH JeATebHOCTH 0OJIarofiapsi 9eTKOMY pas/iesie-
HEo (1) TeX IPOEKTHBIX JEHCTBUI, KOTOPBIE MOTYT BBITIOJ-
HSTBCS JIOKAJbHO B PAMKAX COOTBETCTBYIOIIUX IIPE/IMET-
HBIX OOJlacTeil n He TPeDOBATH HUKAKOI'O COIVIACOBAHUS C
[TPOEKTHBIMU JIECTBUSIME B JPYTHUX IIPEIMETHBIX 0DJIACTIX
u (2) Tex IPOEKTHBIX JEHCTBUN, KOTOPBIE JOJIKHbBI ObITH
COTJIACOBAHBI MEK/Iy PA3HBIMHU HMPEIMETHBIMA 00JIACTSIMU,
HO TPOIEIYyPa COrJIACOBAHUSI KOTOPBIX Y€TKO OIPE/IeIeHA.

T'ubkoCcTh M YETKOCTH JEKOMITO3UIMHA OHTOJIOTHIECKUX
MoJiesielt IPOEKTUPYEMBIX CHCTEM sABJIAeTCs OCHOBOM st
3bPEKTUBHOM OpraHu3aIny KOJIJIEKTUBHON IIPOEKTHOM Jie-
ATEJIBHOCTH.





