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Abstract—The article considers the approach to the transition
implementation from the training of intellectual systems based
on knowledge to the training of tools for their development. At
the same time, the architecture of such an intelligent system is
considered as the basis for ensuring its flexibility and learnability.
In addition, the article examines the areas of learning and self-
learning of intelligent systems, as well as their ability to acquire
knowledge and skills from various sources. The justification of
OSTIS technology using for the development of knowledge-based
intelligent systems is provided.
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I. INTRODUCTION

Here are the main points of this article:

1) Learnability of intelligent system, that is, its ability
to acquire new ones and to improve already acquired
knowledge and skills is the main characteristic of intel-
ligent systems. Learnability of intelligent system creates
the necessary conditions to ensure the rapid pace of
intelligent systems evolution, to intensively expand the
set of problems which it solves, to continuously improve
the quality of the problems solution, to quickly adapt in-
telligent systems to changes in the external environment
and operating conditions.

2) The level of learnability of intelligent system is deter-
mined by the level of development of the self-learning
means and, first of all, by the level of its reflexivity, that
is, the ability for self-analysis.

3) The highest form of learnability of intelligent systems
is their unlimited (universal) learnability, assuming
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4)

6)

7)

8)

9)
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the ability to acquire and improve any (!) types of
knowledge and skills. o

Learnability of intelligent system is determined by the
degree of its flexibility, that is, the complexity of making
various changes to the intelligent system, as well as the
variety of types of possible changes.

Modern work in the field of machine learning does
not consider the whole complex of problems associated
with the training of intelligent systems, but focuses
mainly on improving various skills. It also applies to the
training of artificial neural networks and to the training
of genetic algorithms.

The most important criterion for the quality of the
proposed technologies for development of intelligent
systems is the level of learnability of developed intelli-
gent systems which it provides.

Intelligent systems developed using OSTIS Technology
[1], which we call ostis-systems, have a high level of
fexibility and unlimited learnability.

Flexibility of ostis-systems is determined by:

« the sense nature of the internal knowledge repre-
sentation;

o the universality of the language of the internal
knowledge representation,

« the developed level of the associative organization
of memory of ostis-systems;

o agent-oriented management of knowledge process-
ing, managed by knowledge base.

Learnability of ostis-systems is determined by the ability
of ostis-system to detect contradictions (errors), infor-
mation holes and information waste that appear in the
current state of knowledge base both as a result of
acquiring knowledge and skills from outside and in the



process of solving various problems. In the second case,
each detected contradiction, information hole or infor-
mation waste is clearly associated with the information
process that generated it to clarify the reason for its
occurrence.

10) Unlimited learnability of ostis-systems is determined
by:

o universality of internal sense language of knowl-
edge representation;

o unlimited opportunities for transition in internal
representation of knowledge bases from knowledge
to metaknowledge and, as a result, unlimited possi-
bilities for structuring knowledge bases;

o universal character of agent-oriented model of
knowledge processing.

11) OSTIS Technology also has high level of flexibility and
unlimited learnability, because it is implemented in the
form of intelligent metasystem, which is also ostis-
system.

II. THE FEATURES OF INTELLIGENT SYSTEMS

Transition of traditional computer systems to intelligent
systems, that is to the systems based on knowledge is the
most important tendency of transition to the next genera-
tion of the computer systems having semantic compatibility,
learnability and ability to formation of temporary collectives
of computer systems in need of the collective solution of
difficult tasks. At the same time it is essential to emphasize
that any modern computer system can be realized in the form
of functionally equivalent systems based on knowledge. Such
transformation of modern computer systems will allow to
increase their quality and competitiveness significantly. As
a result of transformation of modern computer systems in
functionally equivalent systems based on knowledge we will
receive semantic compatible systems based on knowledge
with the high level of learnability, differing among themselves
in structural complexity of knowledge bases and functional
complexity of means of processing of knowledge.

It is necessary to distinguish traditional computer systems
using some methods of artificial intelligence (for example,
artificial neural networks, genetic algorithms, nonclassical
logics) from intelligent systems, which consists of (1) the base
of all necessary knowledge and skills (2) interface with ex-
ternal environment and (3) integrated problem solver which
consists of skill base acquired by intelligent system (methods
for solving various classes of problems) and interpreter of
knowledge and skills acquired by intelligent system. General
architecture of intelligent system is shown in (Figure 1), which
is explained below in formal language SCn-code [1] (Listing

0.
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external environment

knowledge base

interpreter of knowledge and
skills

Figure 1. The architecture of intelligent system

intellectual system
= trained system based on knowledge

knowledge base

= knowledge base and skills of intelligent system

= systematized mix of all knowledge and skills stored in
memory of intelligent system

<= second domain*

knowledge base*

= Class of information structures, each of which is

knowledge base of some intelligent system

knowledge base*
= Binary oriented relation connecting each intelligent
system with its knowledge base

skill base

= skill base of intelligent system

<= generalized inclusion*

knowledge base

= a systematized complex of all methods of solving various
problems and classes of problems known to intelligent
system

= part of knowledge base, which is systematized mix of all
skills that intelligent system has acquired to the present
moment, each of which is knowledge about how to solve
specific problem or some class of problems

memory of intelligent system

= internal environment of intelligent system in which its
knowledge base is stored and processed and which is
contrasted to external environment of this intelligent
system

external environment of intelligent system
= mix of all kinds of entities which are not signs or sign
constructions stored in memory of intelligent system and



which are in relation to the indicated internal signs, can
only implement the role of their denotations (that is, the
role of described entities)

interface of intelligent system
= interface of intelligent system with its external environment

sensors of intelligent system

= sensory means of intelligent system that ensure reflection
of events and situations occurring in external environment
of intelligent system (including reflection of intelligent
system behavior in its external environment), events and
situations occurring in memory of this intelligent system

effectors of intelligent system

= effector means of intelligent system, providing
transformation of planned actions specifications of
intelligent system in external environment

interpreter of knowledge and skills

= interpreter of knowledge base and skill base of intelligent
system

= base machine of intelligent system

= processor of intelligent system

= engine of intelligent system

= set of means to solve problems in intelligent systems

= set of means by means of which the intelligent system
carries out the solution of tasks

integrated problem solver
= integrated problem solver of intelligent system
<= generalized decomposition*

{

o skill base

e interpreter of knowledge and skills

}

Listing 1. Explanation of general architecture of intelligent system
in formal language SCn-code

The architecture of intelligent system is the basis for ensur-
ing its flexibility and learnability due to its clear stratification
to independent components, expansion and improvement of
each of them sufficiently is not dependent on changes in other
components.

Traditional computer systems are mainly focused on solving
problems, the initial data of which are localized (fully speci-
fied). To solve the problems there is no need for additional in-
formation. The specialized solvers can exist for these problems
which can use convenient specialized methods of representing
and storing the processing data. In order to integrate these
specialized solvers into the developing computer system it is
sufficient to organize the exchange of a finite number of initial
(transmitted) and returned parameters with a priori known
semantic interpretation or the exchange of finite information
constructions presented in a specified format.

But for problems solved by intelligent systems, in general, it
is not known what data and knowledge should be used to solve
these problems, what methods should be used to solve them.
When you solve these problems, it is necessary to localize
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a fragment of the knowledge base which comprises the data
and the knowledge which are sufficient for the solution of
the problem and excluding those data and knowledge that are
obviously not needed for this, as well as the distinguishing of
the available solutions from the variety of methods that are
sufficient for solving this problem.

The competitiveness of intelligent system ensures:

o permanent training of intelligent system during the oper-
ation;

o permanent self-learning of intelligent system during the
operation;

o learnability of intelligent system,

o flexibility of intelligent system.

The circumstances that constrain the development of intel-

ligent systems market:

« inter-subject character of the development of intelligent
systems;

« high science-intensive development of intelligent systems;

o the need for close cooperation with experts of applied
fields;

o lack of general theory of intelligent systems;

o lack of common technology for the development of
intelligent systems which is available to a wide range
of engineers;

« high and not always adequate social interest in artificial
intelligence;

 substantially more complicated training of engineers of
intelligent systems in comparison with the training of
traditional computer systems engineers.

The main features of the next generation intelligent systems:

« the variety of problems types solved by the developed
intelligent systems:
ee solving problems that require the joint coordinated

use of problem-solving models variety, types of
knowledge and knowledge representation models;
ee solving problems which a priori aren’t known how to
solve and the necessary knowledge and also models
(principles) for solving problems aren’t known;

e low deadlines and relatively low labor content for the
development of the initial versions of intelligent systems,
which are trained and do self-learning during the opera-
tion,;

o high rates, low labor content and unlimited possibilities
for the evolution (improvement) of intelligent systems
during the operation with the maintaining the compati-
bility of these systems;

« high rates of evolution, low labor content and unlimited
possibilities for the evolution of the technology for the
development of intelligent systems with the automation
of making appropriate changes to the operating intelli-
gent systems while ensuring the compatibility of these
systems.

III. TRAINING OF INTELLIGENT SYSTEMS

Under the training of intelligent systems we don’t mean
only the training, for example, of artificial neural networks



that are part of intelligent systems. We interpret the intelligent
system training as a process of new knowledge and skills
acquiring and improving for this system, implemented by some
team of teacher-developers of the specified system.

Training of intelligent system has the following stages:

 preliminary debugging (testing and tuning) of intelligent
system to solve some problems that is implemented before
the introduction of intelligent system in operation. It is
clear that the stage of creating (synthesizing, assembling)
the initial (starting) version of this system should precede
the debugging of intelligent system;

training of intelligent system is implemented directly
during its operation on the basis of a permanent analysis
of the trained intelligent system activity.

Training of intelligent system is implemented:

o for improvement of its knowledge base;

« for improvement of its integrated problem solver;

o for improvement of its verbal and, primarily, user inter-
face with various external subjects;

« for improvement of its sensory-effector subsystems, pro-
viding interaction with the external environment.

IV. SELF-LEARNING OF INTELLIGENT SYSTEM

Self-learning of intelligent system is a transition from a
passive form of training intelligent system, when the trained
system is treated as a passive "container" filled by feachers-
developers with new knowledge and skills, to an active form
of training, when the trained system becomes the participant
of the training process. Self-learning of intelligent system
is the automation of various processes aimed at training
of intelligent system and implemented by intelligent system.
These automated processes include:

1) permanent analysis of knowledge base quality  and
integrated problem solver of trained intelligent system,
which has led to, for example, the identification and
specification of various kinds of errors (contradictions),
information waste, information holes ( lack of knowl-
edge and skills), assessment of the reliability of new
acquired (including input) knowledge and skills, as well
as the specification of the knowledge and the skills (who
is the author, the moment of appearance in the system,
the type and other);

Some automated types of improving the current state
of knowledge base and integrated problem solver -
automatic correction of some errors, the information
waste removal, the specification of information holes,
the systematization of acquired knowledge and skills, the
extraction of implicit knowledge from the given (induc-
tive inference, self-learning by using of precedents);
Coordination of the activities of intelligent system de-
velopers (teachers). It means that intelligent system de-
velopers exchange information among themselves only
through the knowledge base of the developed intelligent
system. The developers of intelligent system become
independent agents (subjects) of the intelligent system
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2)

3)

development (training), managed by the knowledge base
of this system. The developed (trained) intelligent system
also becomes one from these agents.

The development of intelligent system that has developed
self-learning skills is fundamentally different from develop-
ment of intelligent system that does not have a high level of
self-learning. This is due to the fact that the self-learning
intelligent system becomes one of the subjects of its own
training, that is, one of its teachers. And it becomes an
essential factor in increasing the effectiveness of training,
because no one knows better than the trained intelligent system
about its knowledge base, the integrated problem solver.

So the method of training the intelligent system is largely
determined by the tools of self-learning that the trained
intelligent system has.

Areas for self-learning of intelligent system are:

 acquisition of new knowledge from different sources;
o extracting implicit knowledge from acquired knowledge:

ee detection of regularities;
ee structuring knowledge base;

maintaining integrity of knowledge base (consistency,
completeness, flexibility);

increasing efficiency of solving problems based on anal-
ysis of own activities.

V. LEARNABILITY OF INTELLIGENT SYSTEM

Learnability of intelligent system is a level of ability to solve
self-learning problems, for example:

integrate new knowledge and skills into knowledge base;
identify and resolve contradictions (errors) in knowledge
base;

structure knowledge and skills for localization of solution
areas of problem sections;

identify information holes in knowledge base;

identify and remove information waste;

analyze the quality of its own activity in solving various
problems and learn from its own mistakes.

It is clear that learnability of intelligent system is based
on reflection, that is, the ability to analyze and evaluate its
own quality and quality of its activities, as well as the ability
to learn new knowledge and skills and improve the acquired
knowledge and skills quickly. For example, the learnability
of artificial neural networks is determined by the availability
of a method for automatically adjusting of the neural network
which is based on the results of its testing, aimed at construct-
ing of optimal connections’ structure, setting up parameters
of connections (the stochastic gradient method, the method of
back propagation of the error).

Thus, learnability of intelligent system is ensured by:

1) Systematization of internal representation of knowledge
and skills — all accumulated knowledge and skills should
be brought into coherent system;

2) Fairly simple model for integration (immersion) of new
knowledge and skills into knowledge base;



3) Unlimited possibilities to represent in knowledge base
all necessary information for self-analysis, containing a
sign of own Myself, complete own documentation, de-
scription of its connections with other entities including
description of its own point of view from the point of
view of other subjects;

Ability to reflection and a fairly simple model for
analyzing quality of the current state of knowledge base
(quality of knowledge base structure, completeness of
knowledge base, presence and localization of detected
contradictions and errors);

Level of development of means of detecting and elimi-
nating unnominal (including erroneous) situations in the
process of functioning of intelligent system;

Level of development of means to improve quality of
the current state of knowledge base (improving system
of accumulated knowledge and skills).

4)

5)

6)

VI. UNLIMITED LEARNABILITY OF INTELLIGENT SYSTEMS

The highest level of learnability of intelligent systems is
unlimited learnability, striving for permanent and unlimited
reduction in those problems which intelligent system has
not managed with or managed not well enough. Unlimited
(universal) learnability of intelligent system is its ability to
acquire (grasp) quickly and without any restrictions and apply
new necessary knowledge and skills effectively, and also ability
to modernize and improve the acquired knowledge and skills
without any restrictions.

When unlimited learnability of intelligent system implies
absence of any restrictions on the types of acquired knowledge
and skills, it requires ensuring compatibility within knowledge
base of all kinds of knowledge and skills, as well as all possible
models for their presentation, and leads to unlimited expansion
of set of problems solved by intelligent system.

unlimited learnability

= universal learnability

= ability to acquire, extract and systematize a variety of
knowledge and skills, as well as to integrate and joint use
them in solving complex problems

Listing 2. Formal interpretation of the concept of unlimited
learnability

Unlimited learnability of intelligent system is provided by:

o variety of used knowledge and skills’ types;

absence of restrictions on the acquisition and deep inte-
gration of fundamentally new (previously unknown) types
of knowledge and skills into knowledge base;

compatibility of used knowledge and skills.

VII. FLEXIBILITY OF INTELLIGENT SYSTEMS

Flexibility of intelligent system is the basis of its learnabil-
ity. Flexibility of intelligent system is determined by the labor
content (simplicity) of making various changes in intelligent
system, implemented at various levels of intelligent system
during its training.
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[flexibility

= level (degree) of flexibility
= modifiability

= ease of modification

= reconfiguration

= softness

Listing 3. Formal interpretation of the concept of flexibility

The principal difference between the characteristic of flex-
ibility of intelligent systems and the characteristic of their
learnability lies in the following: flexibility determines the
possibility and complexity of various transformations in the
intelligent system. In contrast, learnability determines a funda-
mental possibility and complexity of holistic transformations
of a higher level that translate the knowledge and skills of
intelligent system to a qualitatively new content level. So, for
example, for the training of intelligent system, it is important
to bring to its knowledge base a new regularity, not previ-
ously known to it. Whereas flexibility of intelligent system
should ensure a fairly simple integration of the regularity’s
formulation into the composition of the knowledge base. Thus
flexibility is a kind of "syntactical" aspect of learnability,
which is the basis that provides this learnability. Therefore,
there may be flexible systems, but they don’t have the
learnability.

Flexibility of intelligent system is determined not only by
the labor content of making any changes in the intelligent
system, but also by the labor content of ensuring the integrity
of intelligent system when the changes are made. For example,
new added information to the knowledge base of intelligent
system may conflict with the knowledge, which has already
located in the knowledge base. It means that it is necessary
for the maintaining of the integrity (in this case, consistency)
of the knowledge base:

1) to try finding in the current state of the knowledge base
all statements that, for various reasons, contradict new
information (for example, there may be statements about
non-existence, statements about uniqueness);
if no such contradictions are found, the new information
can be integrated into the current state of the knowledge
base;
if such contradictions are found, then it is necessary to
determine for each of them which of the contradictory
statements has greater reliability, then either to eliminate
(destroy) the contradiction or to fix the fact of its
presence with an indication of that the intelligent system
itself agrees with and that is considered by some other
explicitly indicated external subject which is the author
of the information entered into the knowledge base.

It is much more difficult to ensure the integrity of intelligent
system, not with the addition of something new, but with
adjustment (updating, changing) any fragments of intelligent
system. Firstly, each change can also come into conflict with
the current state of intelligent system and the contradictions
should be solved. Secondly, for the ensuring of the intelli-
gent system integrity some of the changes (for example, the

2)

3)



replacement of concepts, the change in the structure of the
knowledge base) require the implementation of not only these
changes, but also a large number of other changes that are
the consequences of the former. It is clear that not only the
automation of making various changes to intelligent system
should be provided for ensuring the flexibility of intelligent
system updating, but also the possibility of rolling back to the
previous states of the system (in case of erroneous changes),
which requires storing the history of its evolution in knowledge
base of intelligent system (its training).

Flexibility of intelligent systems is provided by the unifi-
cation of the basic principles of information coding in the
intelligent systems, memory, the basic principles of intelligent
systems memory organization, as well as the basic principles
of processing information in the memory of intelligent sys-
tems. As the training of intelligent systems comes down to
the expansion and improvement of the system of acquired
knowledge and skills, this unification significantly reduces
the variety of forms of implementation of processes aimed
at intelligent systems’ training. It is of particular importance
for the realization of the unlimited learnability of intelligent
systems.

VIII. FLEXIBILITY OF OSTIS-SYSTEMS

Flexibility of ostis-systems (systems developed using OSTIS
Technology) is provided by:

« the basic principles of coding information in the memory
of ostis-systems are proposed by OSTIS Technology,
the principles underlie the SC-code (Semantic Computer
Code);

the basic principles of organizing ostis-systems memory
which are proposed by OSTIS Technology - the principles
of sc-memory organization, which provides storage and
processing of SC-code texts;

the basic principles of processing information in OSTIS
Technology in memory of ostis-systems (in sc-memory).

A. SC-code Principles

Among the basic principles of coding information in mem-
ory of ostis-systems that provide flexibility of ostis-systems
are, first of all, those principles that provide sense information
representation with the following characteristics:

1) Among the signs from ostis-system knowledge base
there should not be pairs of synonymous signs that is
signs with the same denotation, signs denoting the same
entity.

There should be no duplication of information not only
in the form of multiple occurrence of signs denoting the
same entities, but also in the form of multiple occurrence
of semantically equivalent texts (knowledge). In this
case, the logical equivalence of texts is allowed.
Among the signs from knowledge base there should not
be any homonymous signs that is signs, which can denote
different entities in different contexts.

All the signs from knowledge base should not have
an internal structure, which analysis is necessary for
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2)

3)

4)

understanding the sign constructions using these signs.
The internal structure of signs is necessary only in
those sign constructions in which the multiple oc-
currence of signs having the same denotation is al-
lowed, and the analysis of the coincidence of the in-
ternal structures of such signs is means of establishing
their synonymy or supposed synonymy specified at
the stage of subsequent semantic analysis of the sign
construction. Consequently, all the signs included into
sense information representation_can be considered ab-
stract, because they abstract from their internal structure,
they have only one characteristic - to designate one-
to-one correspondent denotations, are invariants of the
corresponding maximal classes of synonymic signs.
The composition of the sign construction, which is sense
information representation, should not include anything
but the abstract signs considered above.

Within the constructing of sense information represen-
tation, such constructions as words, terms (phrases)
should not be only used, but such language methods as
declination, conjugation, punctuation marks (separators,
delimiters).

From the syntactic point of view, all the signs included
into sense information representation should be clearly
divided into two types:

)

6)

7

o signs of connections between described entities
(connection is considered one of the types of de-
scribed entities);

o signs of entities that are not connections.

The important advantage of sense information representa-
tion is that it explicitly and clearly defines the connections
between the described entities (including the connections
between the connections) in the form of connections between
the signs(!) of these entities, the semantic type of each
connection is clearly indicated. Stress that all the connections
of each described entity in sense information representation
are represented only by a set of connections’ signs incident to
the sign of the indicated entity, i.e. a set of connections, where
the sign of the described entity is one of the components. Thus,
any sign construction can be represented (in a semantically
equivalent form) as a set of signs of the described entities and
a set of connection’s signs connecting these described entities
with other entities. At the same time, there are no restrictions
on the described entities and on the connections between them.
The described entities can be:

« material (physical) and abstract (virtual) - numbers, sets,
signs of any entities;

really existing and fictitious;

fixed (constant) and arbitrary (variables);

connections between entities.

It is not difficult to see that the sign construction, which
is the semse information representation, can’t be linear in
general, because each described entity, which is a denotation
of the corresponding sign, can be connected by an unlimited
number of connections with other entities described in the



same sign construction. Thus, sense information representa-
tion is a graph structure, which has a different theoretical-
graph configuration. Such graph structures, which have the
semantic characteristics described above, are also called se-
mantic networks [2], [3], [4]. The interpretation of semantic
networks described above makes the possibility of fully using
the theory of graphs for studying the syntactic characteristics
of semantic networks and for constructing algorithms for
processing semantic networks.

It is necessary to clearly distinguish the semantic network,
which is internal abstract information representation in the
memory of intelligent system, from its coding within the
chosen version of the technical implementation of the specified
memory, as well as from various versions of its visualizing for
users. The semantic network and its graphic or text image are
not the same. Similarly, it is necessary to clearly distinguish
the graph structure as an abstract object from various variants
of its representation.

Within OSTIS Technology, we speak about creating formal
means of describing the meaning of various types of knowl-
edge and formal means of describing knowledge processing at
sense level. This involves the development of the correspond-
ing standard that distinguishes the basic universal language
of semantic networks from the whole variety of semantic
networks abstract languages, which is called SC-code [5]. SC-
code is a language of unified semantic networks. The texts of
this language are called sc-texts. The signs in the composition
of sc-texts are called sc-elements. The transition from the
general concept of the semantic network introduced above to
unified semantic networks (sc-texts) is considered as setting a
number of restrictions on semantic networks of a general form,
but such restrictions that do not reduce the semantic power of
the semantic networks language claiming universality [6].

The consequences of the considered basic principles of
building knowledge bases of ostis-systems are:

« unlimited possibility of transition within each knowledge
base from knowledge to meta-knowledge, from meta-
knowledge to meta-meta-knowledge and so on, and, con-
sequently, an unlimited possibility of structuring knowl-
edge bases on a variety of features. This structuring is,
first of all, necessary for localizing the area of the each
problem solution, that is, for establishing connections
between different problems and areas of their solution
(those fragments of knowledge bases that contain suf-
ficient information for solving the corresponding prob-
lems);

the ability to represent (encode) any (!) structure in the
sc-memory in the form of isomorphic sc-fext whether:

ee image structure (the structure of the connections
between different image fragments);

ee the syntactic structure of a naturally language text
(the structure of connections between different frag-
ments of text at the level of letters, words, terms);

ee the structure that reflects the configuration of various
connections between any (!) described entities.
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« complete independence of sc-fexts from terms (names)
attributed to various described entities. These terms are
also considered as described entities, and the connections
connecting these terms to the entities which they are
assigned to are given by the relation "to be an external
sign";

The SC-code is not language in habitual understanding of
this word, and the unified way graph (nonlinear generally)
codings of information, providing submission of information
of any level (primary, secondary, metalevel) and the descrip-
tion of communications between these levels. So, for example,
primary sc-text can be the description of structure of some
image, and various fragments of this text can be images
of various observed objects which will be presented in the
secondary sc-text by the signs which are obviously connected
with the fragments of primary sc-text corresponding to them.

The same way primary sc-text can be the description
of structure of the accepted text message, that is primary
description of structure of some line of symbols. It is obvious
that some fragments of this primary sc-text are descriptions
of structures of external signs of the corresponding described
entities, that is structures of the words or phrases entering
the message. It is obvious also that the specified described
entities in the secondary sc-text representing sense of the
accepted message will be designated by the internal signs
which are obviously connected with the fragments of the
specified primary sc-text corresponding to them.

B. The principles of memory organization ostis-system

Memory of ostis-system (sc-memory) is a non-linear (graph)
associative restructuring (graphodynamic) memory, in which
the processing of information is reduced not only to a change
in the state of memory elements (any of which is a sign that is
a part of the processed sign structure) but also to a change in
the configuration of connections, the incidence between them.

From a formal point of view, the memory of ostis-system is
a dynamic sc-text, in which the following events can occur:

« remove sc-node with the removal of all the incident sc-
links (signs of various connections);

remove the sc-link with the removal of all the sc-links
which it is a component;

replacing the type of sc-text element (for example, sc-
node can be converted to sc-connector);

adding a new sc-fext element with mandatory indication
of the connection of the new sc-element generated in
memory with any sc-element already presented (stored)
in memory.

In sc-memory it is possible to store and process any external
information constructions (terms, hieroglyphs, texts, images,
video information, audio information) presented in electronic
form as corresponding files. At the same time each file in sc-
memory is represented by the corresponding sc-node denoting
this file (actually, the external information structure encoded
by this file), and the specified file is considered the content
of the denoted sc-node. Through such files, in particular,



information is exchanged between ostis-system and external
subjects (users, other ostis-systems).

For ensuring flexibility of ostis-systems the developed form
of associative access to the any kinds of knowledge and skills
stored in memory of ostis-systems thanks to the developed
means of the specification of required knowledge is of partic-
ular importance.

So, for example, the procedure of associative search of signs
on the basis of aprioristic information on communications
between signs significantly becomes simpler. Such search is
carried out by means of wave navigation on space of the
connected signs.

Significantly also the procedure of associative search of
the fragments of the stored knowledge base satisfying to the
set inquiries (requirements) becomes simpler. Significantly the
variety of types of such inquiries extends:

inquiriy of fragments of the knowledge base, isomorphic
to the set sample;

inquiriy of fragments of the knowledge base, homomor-
phic to the set sample;

inquiriy of the fragments of the knowledge base satisfying
to the set not atomic logical formula that is the fragments
satisfying to the set logical properties;

request of the specification (the semantic vicinity) the set
essence;

inquiriy of the entities similar to the set essence (includ-
ing to the set knowledge base fragment);

inquiriy of communications (including similarities and
differences) between the set entities.

C. The principles underlying the integrated solver of ostis-
system problems

The integrated solver of ostis-system problems is a hier-
archical system of agents that implement the knowledge base
processing represented in SC-code and stored in sc-memory,
and which interact with each other only through the specified
sc-memory. Thus, the whole process of processing the knowl-
edge base in ostis-system is controlled by this knowledge base.

These agents, which are called sc-agents, are divided into:

o non-atomic sc-agents, which are collectives of sc-agents
of lower level;
o Atomic sc-agents, which are not collectives of sc-agents.

In its turn atomic sc-agents to their implementation level
are divided into:

e atomic programm’s sc-agents implemented in the basic
programming language of sc-agents; o

o atomic sc-agents of the base programming language
interpreter of sc-agents (the interpreters of knowledge
base and integrated solver of ostis-system problems).

In this case, each sc-agent has its own class of situations
or events in sc-memory that initiate the activity of this sc-
agent, generating the corresponding information process in
sc-memory, the main characteristics and the current state are
described in sc-memory and used in this process.
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Examplel. Here is an example of parallel asynchronous
multi-agent solution of a problem in sc-memory. Consider a
problem of calculating the indicated number.

Calculation is the construction of representation of a number
in a given system of calculus (for example, decimal).

Example of an agent-oriented model for solving problems
in ostis-system.

Example problem: calculate the value of a number. This
problem is a condition for the activation of a number of agents.
It is done with the help of a meta-agent, which activates agents,
focused on solving particular problems:

o sc-agent addition agent

ee checks whether the specified number is the sum of
the other numbers. Moreover, if these other numbers
are calculated,then addition is performed, and if
any of the terms is not known, a subtask for its
calculation is generated, and the information process
goes into the waiting state for solving this subtask;

sc-agent subtraction agent,
sc-agent multiplication agent,
sc-agent division agent,
sc-agent involution agent,
sc-agent evolution agent,
sc-agent logarithm agent,

Unfortunately, not every problem for calculating a number
can be solved with the help of the specified set of arithmetic
sc-agents and even with the help of a wider set of sc-agents
that provide the calculation of all possible numerical functions.
Examples of such problems are the problems of solving
quadratic equations (Figure 2), the problem of solving systems
of linear equations, etc. To solve such problems additional sc-
agents are introduced, in particular, those that reformulate the
original problem so that it can be solved, for example, only
with the help of arithmetic sc-agents. Thus, for example, sc-
agent for solving quadratic equation replaces the formulation
of the problem of solving a quadratic equation (Figure 2) in
the form shown in Figure 3.

Moreover, this kind of problems reformulation can be
described in the form of products and included in knowledge
base (actually, in skill base), and then implement sc-agent that
provides interpretation of any products stored in ostis-system
skill base. o

The unambiguous representation of information in mem-
ory of ostis-system, that is, the elimination in SC-code of
duplication (semantic equivalence) of both signs and whole
sign constructions significantly simplifies the processing of
knowledge base.

Listing 4 provides clarifying of some concepts that underlie
the organization of integrated problem solver of ostis-system.

operation

= purposeful holistic process implemented by a certain
subject within some dynamic system and effecting a
change in the state of this system

= action
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intelligent system operation

= operation implemented by intelligent system
D operation
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e internal operation of intelligent system C
information process in memory of intelligent system
= operation implemented in memory of intelligent opposita
system and aimed at changing the state of the
stored knowledge base
e external operation of intelligent system
= operation of intelligent system implemented in its
external environment
D atomic external operation of intelligent system
= external operation of intelligent system
implemented by one of its effectors
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problem calculated rumber
= pragmatic specification of some (given) operation
= formulation of problem
D problem of intelligent system

= specification of intelligent system operation

Figure 3. Result of reformulating the problem of solving a quadratic equation

Listing 4. Clarifying concepts underlying the organization of
integrated problem solver of ostis-system
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Formulation of problem, as specification of the correspond-
ing operation, can include:

« indication of classes of operations (preferably minimal)
which the specified operation belongs to;
o indication of what should be done

ee cither by indication of the target situation;

ee or by indication of the class of operations which
this operation belongs to with additional indication
of objects which this operation is implemented with
(action arguments);

« condition for initiating the specified operation. This con-
dition can be either the completion of some other speci-
fied operation, or at least one of the specified operations,
or the completion of all the specified operations, or
the occurrence of the specified situation in knowledge
base, or at least one of the specified situations, or the
occurrence of the specified event in knowledge base, or
at least one of the specified events, or all of these events;

« indication of a plan for the implemention of the specified
operation, that is, hierarchical decomposition of this
operation into operations of lower level;

« indication of an area for the implemention of the specified
operation, that is, the structure included in knowledge
base, which contains all (!) data that may be required
to implement the specified operation;

« indication of temporal characteristics of the specified
operation (start and / or end time, duration);

« indication of a customer for this operation;

« indication of implementers, that is, means of implemen-
tion of the specified operation (for internal specified
operation of ostis-system, such mean is set of its several
sc-agents);

« indication of status of the operation, that is, the indication
that the specified implementer or collective of imple-
menters may or may not, want or not want, should or
should not implement the operation;

« indication of priority of the specified operation;

« indication of the state of the specified operation, which
can be planned, implemented, directly implemented at the
moment, interrupted.

skill

= skill of intelligent system
D Skill of ostis-system = pragmatic specification of some
(given) class of operations

= method (model) for solving problems belonging to given
class of problems

= method to implement operations belonging to given class
of operations

= knowledge of how to solve problems of given class

= knowledge of how to implement operations of given class

Listing 5. Formal interpretation of the concept of skill

In contrast to other types of knowledge, skills (Listing 3)
have not only denotational, but operational (functional) seman-
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tics, which describes what operations should be implemented
when this skill is used.

Skill of ostis-system is called knowledge, which is a part
of knowledge base of this system and which is sufficient to
solve given class of problems (that is, to implement given class
of operatons) within given knowledge base area using given
family of ostis-system agents.

Each Skill of ostis-system is represented in knowledge base
in the form of a specification of the class of operations
implemented by using this skill.

Skill of ostis-system as a specification of some class of ostis-
system operation includes:

o indication of the corresponding class of ostis-system
operation;

« generalized formulation of problems of the corresponding
class, that is, generalized specification of operations of
the specified class (indicating what should be given and
what is required);

« indication of area for solving all problems of given class,
that is, the fragment of knowledge base that contains
all the necessary information for solving all problems of
given class;

« indication of declarative or procedural program, which
interpretation guarantees implementation of all or almost
all operations belonging to the given specified class of
operations;

o means for implementation operations of given class,
which are set of sc-agents that ensure implemention of all
or almost all operations belonging to the specified class of
operations and defining the operational semantics of the
interpreted program mentioned above and, accordingly,
the operational semantics of whole skill.

Stress that in most cases, area for solving problems is a
certain subject domain together with its integrated ontology,
and interpreted program is logical ontology of the specified
subject domain.

Hierarchy of ostis-system skills:

o skill of base (zero) level — the skill realized by one of
the agents of base machine of ostis-system, which is the
interpreter of knowledge and skills of ostis-system stored
in its sc-memory;

o skill of level 1 — the skill, implemented by collective of
all agents of base machine of ostis-system;

o skill of level 2 — the skill, implemented by one of atomic
program sc-agents;,

« skill of level 3 — the skill, implemented by collective of
atomic program sc-agents;,

o skill of level 4 — the skill implemented by collective
consisting of atomic program sc-agents and collective
consisting only of atomic program sc-agents.

Thus, activity of ostis-system is clearly stratified into several
sufficiently independent levels, each of which ensures imple-
mentation of clearly defined set of operations:

o level of operations implemented by collectives of sc-

agents;



« level of operations implemented by atomic program sc-
agents;

« level of operations implemented by interpreter of ostis-
system knowledge and skills when interpreting programs
of atomic program sc-agents.

D. Flexibility of knowledge bases sc-models

The unambiguity of information representation in mem-
ory of ostis-system, that is, the elimination in SC-code of
duplication (semantic equivalence) of both signs and whole
sign constructions essentially simplifies the processing of the
knowledge base.

The labor content of editing sign constructions stored in
sc-memory at a semantic level essentially reduces compared,
for example, with the editing of database or texts of natural
languages. In particular, it is much easier to remove a sign
from sign construction in SC-code without damage to its
integrity.

Rules for removing sc-elements:

1) If sc-element is deleted, then all (!) sc-links (both atomic

and non-atomic) incident to it are deleted recursively;

2) If sc-arc of membership leaving the sign of the formed

set is deleted, then the indication of the formation of
this set is deleted and an indication of the power of this
set is added (if it was absent).

Flexibility of knowledge bases sc-models is also ensured
by a clear separation of external and internal signs and
complete independence of knowledge bases sc-model from the
variety of forms and languages of this knowledge base external
representation.

Here are some examples of editing knowledge base sc-
model.

Example 2. Replacement of the term

A name (term) of each described entity is present in ostis-
system knowledge base in one instance and is represented
in knowledge base by sc-node denoting this name, which
is connected by the relation external *sign with sc-element
denoting the same entity as the specified name (Figure 4), and
this sc-element, in turn, is connected by unlimited number
of connections with sc-elements, which denote other entities
described in knowledge base.

Therefore, replacement of a name (term) of an entity is
implemented only in one place of knowledge base.

external sign*

O

Figure 4. The relationship of a term with a sc-element that identify the same
entity

Example 3. Replacement of concepts
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Instead of the concept of partitioning * of set, proceed to
use the following concepts:

o union* of sets (covering a set);

o family of pairwise disjoint sets.

For such replacement, you need a concept that becomes
unused to define through the used concepts (Figure 5).

(m | N/QJimsed concept
subdividing*
ﬂ equivalence®
A}
~
\
\ union™
family of pairwise disjoint sets

Figure 5. Definition for concept of partitioning*

The purpose of this kind of replacement of concepts is
to minimize the number of defined concepts (some defined
concepts are made unused). To eliminate the concept means
to remove all arcs of membership from it, leaving the concept
as unused.

1) removal of all arcs of memdership emerging from it;

2) construction of logically equivalent specifications for
each instance of the concept presented in knowledge
base;

3) inclusion of this concept in the number of unused
concepts.

E. Flexibility of ostis-system integrated solver is provided by:

« autonomy of sc-agents;

interaction of sc-agents only through sc-memory;

using the emergence in sc-memory of formulations of
initiated problems as the main events initiating activity
of the corresponding sc-agents;

developing of powerful language of the formulations of
various kinds of problems on the basis of SC-code;
clear separation of variety of various skills of the solution
of the tasks stored by ostis-system, from the interpreter
of these skills and ensuring independence of the specified
skills of variety of options of realization of the specified
interpreter;

the fact that the skills acquired by ostis-system are a part
of her knowledge base and are stored in her memory,
therefore, them easily to fill up and correct.

Correction of knowledge base is based on the fact that there
is no duplication of information both at sc-element level and at
sc-construction level in knowledge base, it means that all such
corrections are of local character (within the semantic area
of fragment correction is not required global revision). But it



is necessary to pay for such locality, it should be constantly
maintained. This requires:

« constantly improve structure of knowledge base (system
of subject domains and ontologies);

use special sc-agents in knowledge base of ostis-system to
perform permanent analysis of the quality of knowledge
base for the presence and elimination of synonymous
sc-elements and semantically equivalent sc-constructions
(not to be confused with logical equivalence);

each sc-agent within each atomic sc-process complies
with certain rules of sc-memory usage that are common
for all sc-agents of ostis-system

ee removes information waste (information necessary
only for performance of the specified atomic pro-
cess);

ensures that synonyms and semantic equivalent sc-
texts weren’t generated;

ensures that that the atomic processes which are
carried out by him didn’t interfere with each other.

E. Flexibility of ostis-systems

in general lies in the local character of various kinds of
intelligent system transformations. It means that consequences
of transformations should be considered within the known and
clearly defined parts of system (fragments of knowledge base
of integrated solver). When strict requirements presented by
OSTIS Technology to the integrity of intelligent systems are
observed, you can implement any(!) changes in ostis-system
knowledge base, in sc-model of its integrated solver in base
interpreter of sc-model of intelligent system. Compliance with
these requirements ensure locality of these changes, that is,
complete independence of some changes from others.

Localization of problem-solving processes in ostis-system
is implemented due to the fact that knowledge base of ostis-
system has hierarchical structure that provides clear allocation
of solving area for each problem of the fragment of knowledge
base which is sufficient for solving one form of problem
or another. The structure of knowledge base is based on
hierarchical system of subject domains and corresponding
ontologies.

IX. LEARNABILITY OF OSTIS-SYSTEMS
Learnability of ostis-systems is expressed in the following:

detection and localization of contradictions in knowledge
base;

elimination of some contradictions in knowledge base;
detection and localization (specification) of information
holes in knowledge base;

detection and elimination of information waste in knowl-
edge base;

analysis of the solver performance in solving various
kinds of problems;

detection of contradictions (errors) that appeared in
knowledge base as a result of the activity of sc-agents
specifying specific problems and specific atomic infor-
mation processes (as sources of errors);
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detection of contradictions, which are consequences of
activity of knowledge base developers , with indicating
execution time and authors of these actions and with or-
ganization of interaction with the developers to eliminate
these contradictions;

constant updating of enumeration of problems which
could not be solved or succeeded, but not as desired
(insufficiently accurate, insufficiently fast, insufficiently
transparent, insufficiently simple, insufficiently clear);
permanent improvement of knowledge base structure, the
purpose of which is to increase accuracy of information
resources localization sufficient for solving various prob-
lems solved by intelligent system, including fundamen-
tally new problems for it;

permanent search and improvement of ways and effective
models for solving fundamentally new problems for in-
telligent system, which are necessary to be solved during
functioning of intelligent system.

A. Ability to acquire new knowledge generated by SC-agents
of ostis-system in internal sense language

To acquire new knowledge generated by some sc-agent of
ostis-system and, accordingly, located in its sc-memory, is to
immerse (integrate) the specified knowledge into knowledge
base of ostis-system. The most important advantage of SC-
code is that this procedure of immersing (integrating) new
sc-texts into knowledge base is reduced to constructoin of cor-
respondence of synonymy between sc-elements (both sc-nodes
and sc-connectors) of new immersible sc-text and sc-elements
that are part of the current state of knowledge base, followed
by gradual gluing (identification) of synonymous sc-elements.
The construction of this correspondence of synonymy is
implemented, firstly, by the coincidence of main names *
(names, external signs) corresponding to some sc-elements,
and, secondly, on the basis of statements describing existence
and uniqueness of entities possessing given characteristics.
Stress that not all sc-elements are named, that is, having
corresponding external names (external signs). Only the used
concepts should be named, each of which should be researched
at least in one of the selected subject domains. In addition,
several names can correspond to some sc-elements, one of
which is allocated as the main name * of the corresponding sc-
element, which the lack of synonymy and homonymy towards
the main names* of other sc-elements is guaranteed for.

Example 4. An example of immersing a new sc-fext in
knowledge base. Figure 6 shows sc-text that is in the cur-
rent state of knowledge base. Figure 7 shows sc-text that
is immersed in knowledge base (introduced into knowledge
base). Figure 8 shows the result of gluing sc-elements by
the coincidence of their main names*, after that several new
entities appeared in the current state of knowledge base — a
new triangle and two bisectors and their intersection point, a
new circle corresponding to the new triandle.

Figure 9 shows the final result of immersion of considered
new text in knowledge base, derived on the basis of using the



following statements about uniqueness stored in knowledge

base
1)
2)
3)
4)
5)

6)

7)

of ostis system:

Each triangle has a single bisector having a common
element, which is the vertex of this triangle.

Every two triangles having the same vertices are the
same triangle.

Each triangle has a unique inscribed circle.

All bisectors of one triangle intersect at one point.
The point of intersection of its bisectrix and the center
of the inscribed circle coincide for every triangle.

Each two-fold constant positive arcs of membership
going out of the same set that is not a multiset is the
same arc.

Membership bisectrix* does not have multiple pairs.

Comparing Figure 8 and Figure 9, it is easy to see that
there was not really much new information contained in the
new immersed sc-text — there is only another bisector of the
already known triangle and that the center of the inscribed
circle coincides with the point of intersection of its bisectors.

bisectrics®

be inscribed*

PntA PntB erC

Figure 6. Sc-text that is in the current state of knowledge base

.

Figure 7. Sc-text, immersed in knowledge base
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bisectrics|

Figure 8. The result of gluing sc-elements by the coincidence of their main
names

center*

bisectrics* be inscribed*

PntA PntB PntC

Figure 9. The result of gluing unnamed synonymous sc-elements (the final
result of immersing introduced sc text into knowledge base)

B. Ability to acquire new knowledge and skills coming from
outside in formal languages

As the main languages providing the representation of
external texts for ostis-system are used:

e SCg-code (Semantic Computer graphical Code), which
provides graphic representation of SC-code texts, in
which sc-nodes are represented as circles, squares, closed
lines representing signs of sc-structures whose images
are limited by these lines, and sc-connectors (sc-arcs
and sc-edges) are represented as lines connecting sc-node
images;

e SCs-code (Semantic Computer string Code), which pro-
vides string (linear) representation of SC-code texts and
used by ostis-system for input and output of relatively
short messages;

e SCn-code (Semantic Computer natural Code), which pro-
vides intuitively understandable formatted representation
of large source code.



The syntax and declarative semantics of these languages
are close to the syntax and semantics of SC-code. Thanks
to this, the syntactic and semantic analysis of input texts
is substantially simplified, as well as the translation of sc-
texts in specified external languages when messages addressed
to users are generated. Proximity of the mentioned external
languages to SC-code, first of all, is that all used names are the
main names* (main external signs*) of the corresponding sc-
elements. Stress that the list of used external formal languages
for ostis-systems is easily extended, because it is not very
difficult to describe syntax and semantics of any external
formal language using the means of SC-code within interface
knowledge base, and it is not difficult to develop a family of
sc-agents that provide:

« making syntactic analysis of external source code based
on the description of syntaxis of the corresponding ex-
ternal language. The result of this analysis is sc-fext
describing the syntactic structure of the external source
code with such a degree of detailing that is sufficient for
the subsequent semantic analysis of this code;

making semantic analysis of external source code based
on the description of semantics of the corresponding
external language.

The result of this analysis is construction of sc-text se-
mantically equivalent to external source code. After that, the
immersion of sc-text described above into the current state of
knowledge base is implemented.

But a better understanding by ostis-system of the accepted
external message implies the implementation of the following
additional actions:

o Coordination of the concepts used in the accepted exter-
nal message with the concepts used in the current state
of knowledge base of ostis-system (see example 3);

o Inclusion of acquired knowledge into general system of
accumulated knowledge, in particular, into hierarchical
system of the selected subject domains and corresponding
ontologies.

C. Ability to acquire new knowledge and skills coming from
outside in non-formal languages

Acquisition (understanding) of knowledge entering ostis-
system in natural languages consists of the same stages
as the process of understanding external texts of formal
languages considered above, but fundamentally differs from
the understanding of external texts of formal languages due
to the fact that the syntax and semantics of natural languages
have a significantly higher level of complexity compared with
the syntax and semantics of formal languages. It means that
the development of knowledge base of ostis-system natural-
language interface, as well as the development of system of
sc-agents of the interface is very complex problems.

Nevertheless the principles which are the cornerstone of
development of verbal interfaces of ostis-systems have the
serious advantages which are that external (including, and
natural language) texts are considered by ostis-system as a part
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of her external environment and can be described in memory of
ostis-system in her internal language (in a SC-code). Thus, the
structure of the external text can be described with any extent
of specification means of a SC-code. Therefore, semantics of
the external text will represent a morphism between the sc-text
describing structure of the source text with the required extent
of specification, and the sc-fext which is semantic equivalent
to the specified source text.

That fact, as the description of structure of the source text,
and the sc-fext semantic equivalent to him, and the description
of a morphism between them are presented in one language
(SC-code) and are in one memory (sc-memory), creates good
prerequisites for effective realization of semantico-syntactical
approach to the analysis of the source text assuming lack of
clear split of process of the analysis of the source text in time
for a stage of parse and a stage of the semantic analysis. Such
approach allows to reduce labor input and the syntactic and
semantic analysis thanks to preliminary results of the semantic
analysis when performing parse and vice versa.

D. Ability to acquire knowledge coming from outside through
sensors of ostis-systems

Advantage of ostis-systems in the analysis of primary sensor
information, as well as in the analysis of external texts, is
defined by that, as intellectual (in that number, semantic)
the analysis of this information it is easy to present primary
sensor information, secondary sensor information and result in
memory of ostis-system in the form of sc-texts that allows to
pass easily from the "syntactic" level of sensor information to
"semantic" level. It is relevant and for different identification
of emergency situations in difficult, for example, production,
systems to which it is necessary to react quickly, and for the
semantic analysis of images and scenes.

It is necessary to pay attention to analogy of transition from
the description of syntactic structure of the source external
text to sense of this text (that is to semantic equivalent
sc-text) and transition from the description of structure of
primary and secondary sensor information to the description
of communications between those objects which are reflected
in this sensor information.

Thus, recognition of various objects in a flow of sensor
information is an analog of transition from the phrases which
are a part of the source external text, and, more precisely,
from the sc-texts describing structure of these phrases to the
sc-elements designating the same entities, as the specified
phrases.

E. Ability to detect and eliminate contradictions in knowledge
base

Associative search for sc-structures that satisfy statements
about non-existence and uniqueness is generalized description
of errors.

Example 5. Here is an example of contradictions that are
the consequence of the actions of knowledge base developers.

Suppose that in the fragment of knowledge base shown
in Figure 10, knowledge base developer introduced updated
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right triangle

right angle PntA

Figure 10. Knowledge base fragment about triangle

information about the magnitude of the considered angle with
the vertex at point A and let this magnitude be 88°.

Then:

« the considered angle ceases to be right;

« the considered triangle ceases to be right;

« if the magnitudes of remaining angles of the considered
triangle are known, then the sum of the angles of the
triangle becomes less than 180°, and this contradicts the
well-known theorem. It means that the magnitudes of the
other angles of this triangle should be clarified.

F. Ability to search and eliminate information holes in knowl-
edge base

Search and elimination of information holes in knowledge
base is implemented on the basis of:

« generalized description of required typical specifications
for different classes of entities;

o generalized quasi-plicative statements describing not
what must exist in given infinite subject domain in given
conditions, but what must be present in knowledge base
in given conditions.

The following provisions are the basis of detection and
specification of information holes in knowledge base:

« any information should be included in any subject domain
and/or any specific ontology;

o there is typical structure of mandatory and desirable
specification of each instance of this class for each entity
class;

« these classes have hierarchy (!) with inheritance of typ-
ical structures of specifications of their superclasses’
instances;

« unambiguous specifications play important role (for ex-
ample, representation of numbers in different systems of
calculus); classes of entities that have typical specifica-
tions, in particular, include:
ee entity,

oo sef,

ee structure,

ee subject domain,
ee concept,

ee relation,
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ee bhinary relation,

ee cxternal information construction,
ee person,

ee number,

e any concept should

ee included in any subject domain as the researched
(class of researched objects, researched characteris-
tic, researched relation);

ee be defined or explained;

ee have set of propositions describing the regularities
which are satisfied by instances of this concept;

ee have typical examples (instances).

G. Ability to search and eliminate information waste in knowl-
edge base

The specified ability is realized, first of all, by each sc-agent,
because each of them after the completion of each actions is
obliged to "clean up after itself", that is, to remove all auxiliary
structures created only for implementation of corresponding
action. In addition, special sc- agents are used to eliminate
information waste. Activity of these sc-agents is the opposite
of activity of sc-agents for removing information holes, but
it is organized similarly on the basis of generalized quasi-
replicative statements which describe that should be removed
from the current state of knowledge base in given conditions.

H. Ability to systematize the acquired knowledge and skills

As a result of such systematization, each acquired knowl-
edge and, in particular, skill should be included in one or
several structures that are the results of decomposition of
knowledge base of ostis-system on various grounds. One of the
main types of such decomposition is logical-semantic decom-
position of knowledge base, the result of which is hierarchical
system of subject domains and corresponding ontologies.As
a result of such systematization, each acquired knowledge
and, in particular, skill should be included in one or several
structures that are the results of decomposition of knowledge
base of ostis-system on various grounds. One of the main types
of such decomposition is logical-semantic decomposition of
knowledge base, the result of which is hierarchical system of
subject domains and corresponding ontologies.

X. UNLIMITED LEARNABILITY OF OSTIS-SYSTEMS

Unlimited learnability of ostis-systems is provided by:

1) Universality of SC-code, that is, ability to represent
any (!) types of knowledge and skills in SC-code.

2) Universal character of the agent-oriented organization
of knowledge processing, which allows on its basis
to interpret any (!) models of information processing
(sequential and parallel, synchronous and asynchronous,
functional, production, genetic, neural network, logical
- clear and fuzzy, accurate and plausible , deductive,
inductive, abductive, argumentative).

3) Compatibility of all knowledge, skills, models, infor-
mation processing used in ostis-system in appropriate
coordination with used concepts.



All variety of knowledge types and variety of problem-
solving models types can be formally described in the form
of hierarchical system of interrelated subject domains and on-
tologies. In other words, any kind of knowledge can be treated
as a language that is sublanguage of SC-code, the union of the
texts (sc-texts) of which is the corresponding subject domains,
and the description of semantics of which is ontology of the
specified subject domain. As for problem-solving models, each
of them is formally defined by (1) a language of problems,
which is sublanguage of SC-code, and in particular, describing
the decomposition of problems into subproblems (the union
of the texts of such problems language is subject domain
of problems solved within the corresponding subject domain)
and (2) a set of sc-agents that ensure all problems solution
within the specified subject domain of problems, that is, ensure
interpretation of the specified problems language and define
the operational semantics of this language.

Since all kinds of knowledge and problem-solving models
can be represented using SC-code as a part of integrated
knowledge base of ostis-system stored in sc-memory of this
system, and since different kinds of knowledge and different
kinds of problem-solving models will intersect if they contain
signs with the same denotations, the joint use of different types
of knowledge and problem-solving models is not very difficult.
Ensuring the joint use of different types of knowledge and
different types of problem-solving models makes it possible
not only to compensate for disadvantages of some models with
the advantages of others, but also to significantly expand the
range of solved problems, firstly, due to different problem-
solving models provide solutions of different types of prob-
lems in general (sometimes even intersecting), and, secondly,
due to possibility of solving complex problems which can not
be solved in principle with the help of one model and can
be solved only by the joint use of different problem-solving
models.

XI. TRAINING AND SELF-LEARNING OF OSTIS-SYSTEMS

Training ostis-systems is a process of improving (designing)
ostis-system, implemented during its operation.

The efficiency and, first of all, the speed of training of ostis-
systems is defined not only by the high level of learnability of
ostis-systems, but also efficiency of the ostis-systems training
technique realized by group of developer teachers. In spite of
the fact that there are general principles of the organization
of project management, accounting of specifics of designed
projects (in this case, ostis-systems) will allow to increase
efficiency of such management significantly. In particular,
when training ostis-systems there can be very useful that
experience which the mankind had accumulated when training
children.

When training ostis-systems increase in level of activity
of the trained ostis-system in the course of the training is
perspective. It has to be carried out (1) in the direction of
development of means of self-training and (2) in the direction
of increase in level of automation and intellectualization of
management of activity of developer teachers.
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In this case the developer of ostis-system becomes the exter-
nal agent working on the knowledge base of this system
interacting with other developers through the same memory in
which the specified knowledge base is stored.

XII. THE RELATIONSHIP BETWEEN FLEXIBILITY AND
LEARNABILITY OF INTELLIGENT SYSTEMS

Flexibility is a system attribute that characterizes the ability
(freedom) to make the system changes that are being imple-
mented or t Flexibility is characteristic of system that char-
acterizes possibility (freedom) of introducing certain changes
into system, which is implemented either by system’s teacher-
developers or by the system itself.

Learnability is characteristic of system that characterizes
ability to use its own flexibility (that is, freedom of self-
change) so that quality of system increases. In particular,
learnability is ability to compensate for the negative conse-
quences of teacher-developers actions, fraught with destruction
of system integrity.

The simplest form of training intelligent system is loading
new knowledge and / or skills into its memory, or "manually"
editing knowledge and skills which are already in memory. But
even such simple form of training requires from intelligent
system not only appropriate level of flexibility, that is, pro-
viding quite convenient possibility of "manual" replenishment
and editing of knowledge and skills of intelligent system, but
also appropriate level of their learnability.

Principle possibility "manually" and without any restrictions
to replenish and correct programs and processed data stored in
memory is present in modern computer systems. But, firstly,
you can not follow every byte in large systems; secondly,
"manual” intervention in large system (for example, changing
relational database schema) can have difficult predictable
consequences and is powerful source of errors introduced into
system.

Consequently, it is important not only to ensure high level
of flexibility in large computer systems and, in particular, to
automate changes introduced to system, but also to ensure suf-
ficient level of learnability to prevent negative consequences
of these changes.

This is the transition from systems with high level of
flexibility to trained systems. Stress that transition to trained
systems is natural standard for evolution of computer systems
when their level of complexity increases (with increase in
amount of processed data and number of used programs).

Here are some examples of the relationship between the fea-
tures of flexibility and the features of learnability of intelligent
systems:

1) Artificial neural network:

o flexibility: easy ability to change parameters of arti-
ficial neural network;

o learnability: the presence of procedure that changes
parameters of artificial neural network so that the
efficiency of solving problems for which it is in-
tended increased (for example, procedure for back
propagation of errors);



2) ostis-system:
o flexibility: there are ample opportunity for editing

knowledge base (including its restructuring, recon-
figuration) and high level of such editing automa-
tion;

learnability: there are developed means that ensure
the integrity of knowledge base (its consistency,
completeness, clarity);

3) ostis-system:
o flexibility: there are advanced forms of associative

access to the searched (askable) fragments of knowl-
edge base due to the lack of information duplication
in knowledge base (that is, the lack of synonymy of
internal skills and semantic equivalence of internal
sign constructions);

learnability: significant simplification of means for
analyzing quality of the current state of knowledge
base;

4) ostis-system:

o flexibility: local character of all changes made in
ostis-system (and, first of all, in its knowledge base)
due to clear stratification of ostis-system, which
ensures high degree of independence of changes in
different parts of ostis-system;

o learnability: significant simplification of means en-

suring integrity of ostis-system;

5) ostis-system:
o flexibility: possibility within internal sense code

of unlimited transition from knowledge to meta-
knowledge;

learnability: ability to specification and systemati-
zation of acquired knowledge and skills and, as a
result, ample opportunities for decomposition and
structuring of knowledge base and skills on various
grounds;

6) ostis-system:
o flexibility: unification of internal representation of

knowledge and skills in memory of ostis-system
on the basis of hierarchical system of subject do-
mains and ontologies, and as a result, simplification
of procedures for editing knowledge base due to
significant reduction in the number of pairs of
logically equivalent fragments of knowledge base,
and also due to the rule of inheriting characteristics
with the construction of specifications for instances
of concepts that are subclasses of other concepts
known to the system;

learnability: ability to ensure compatibility of
knowledge bases of various ostis-systems and, as a
result, to ensure compatibility of these systems;

7) ostis-system:
o flexibility: possibility of detailed logging in ostis-

system memory of all internal processes occurring
in this memory;
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o learnability: significant simplification of means to
establish causes and sources of emergence of var-
ious kinds of contradictions (including conflicts
between internal information processes);

8) ostis-system:

o flexibility: possibility to change parameters of inte-
grated problem solver (in particular, level of each
internal agent of ostis-system activity);

o learnability: constantly improved procedure aimed
at improving performance and quality of functioning
of integrated problem solver of ostis-system (in
particular, by redistributing levels of internal agents
activity).

XIII. FLEXIBILITY AND LEARNABILITY OF OSTIS
TECHNOLOGY

Flexibility and unlimited learnability of OSTIS Technology
are determined by the fact that the specified technology is im-
plemented in the form of ostis-system, that is, it is implemented
using the same OSTIS Technology, the support of which it
implements. The specified ostis-system is called metasystem
IMS.ostis (Intelligent Meta System Open Semantic Technol-
ogy Intelligent systems).

Thus, we focus not only on creating OSTIS Technology,
but rather on creating process that supports high rates of
permanent evolution of this technology.

XIV. TRAINING AND SELF-LEARNING OF OSTIS
TECHNOLOGY

Training and self-learning of OSTIS Technology (that is,
permanent improvement of metasystem [MS.ostis during its
operation) have a number of features:

1) IMS.ostis training (improvement) is implemented within
open project that lets anyone to enter the number of
developers of this metasystem.

2) metasystem IMS.ostis self-learning can be implemented
on the basis of analysis of child ostis-systems operation
and evolution building with the help of this metasystem.
But it requires the organization of effective interac-
tion between metasystem IMS.ostis and the child ostis-
systems generated by it.

3) Rapid evolution of OSTIS Technology requires coordi-
nation’s automation of versions of various ostis-systems
components with current version of OSTIS Technol-
ogy and, in particular, automation of outdated reusable
components replacement with current versions of these
components in child ostis-systems.

XV. CONCLUSION

Stress that transition from traditional computer systems is
the final stage in the evolution of computer systems in the
direction of increasing their flexibility, learnability, providing
their unlimited (universal) learnability and logical-semantic
compatibility.

Learnability of intelligent systems, being an important char-
acteristic of intelligent systems, creates good background for



significant expansion of their life cycle and ensuring high level
of competitiveness in comparison with traditional computer
systems.

But to ensure competitiveness of intelligent systems, in
addition to their learnability, a well-thought-out methodology
for their training (improvement) is needed. Management
of project aimed at training intelligent system has serious
features (primarily due to the specifics of object of training).
Especially when this is about open projects.

In addition, one of the subjects of intelligent system training
project can be intelligent metasystem IMS.ostis. But for this it
is necessary to develop principles of interaction of intelligent
systems (in the transition to collectives of intelligent systems).
At the same time, if high rate of IMS.ostis evolution is
ensured, then the result is high competitiveness not only of
the technology, but also of intelligent systems developed on
its basis.

High level of ostis-system learnability is the basis for
ensuring high rate of OSTIS Technology evolution, as this
technology is also implemented as ostis-system (IMS.ostis).
It is essential that high rate of OSTIS Technology evolution
is factor in accelerating (!) rate of various ostis systems
evolution.

The most important direction of evolution of OSTIS tech-
nology is expansion and improvement of structure of library of
reusable components of ostis-systems that provides essential
decrease in labor input of development of ostis-systems.

Competitive technology for development of intelligent sys-
tems should have high rate of unlimited evolution (improve-
ment, training) and should be oriented towards development of
intelligent systems that have high level of learnability. But for
this, general theory of compatible (joint used) knowledge and
problem-solving skills, as well as general theory of unlimited
trained intelligent systems, should be developed.

High rate of OSTIS Technology evolution, open nature
of this technology, and open nature of participation in its
development (within open-source project IMS.ostis) ensure
high competitiveness of OSTIS Technology.
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OT OBYYEHUA MHTEJIJIEKTYAJIBHBIX CUCTEM
K OBYYEHUIO CPEJICTB UX PASPABOTKU
Tonenkos B.B., I'ynakuna H.A.,

I'paxosa H.B., lassimenko U.T., Hukynernko B.1O.
Benopycckuit rocytapcTBeHHBIII YHUBEPCUTET
UHOOPMATUKA U PAMOITCKTPOHUKI
Munck, Benapych
Epemees A.II.

HanuonaabHbI nCCIeI0BATENBCKIN YHIBEPCUTET
«M3U», Mocksa, Poccust
Tapacos B.B.

MocKOBCKHiT rOCYIapPCTBEHHBIN TEXHUIECKUIT
yausepcurer nMm. H.9.Baymana, Mocksa, Poccus

B crarpe paccmarpumBaeTcs MOJXOM K peaM3aIiu Iie-
pexoma OoT OOydYeHUsl WHTEIEKTYaJbHBIX CHCTEM, OCHO-
BaHHBLIX Ha 3HAHUAX, K OOYYEHHIO CPEICTB UX paspa-
6otku. [Ipr 5TOM apXUTEKTypa TaKoit MHTEIIEKTYaTbHOM
CHCTEMBI PACCMATPUBAETCS KaK OCHOBa obecriedeHus eé
rubkocTn u obydaemoctn. Kpome Toro, B crarbe pac-
CMATPUBAIOTCS HaIPaBJIEHUs] OOyYEHHUsT M CaMoOOyJIeHUs
I/IHTeJ'I.HeKTyaJH)HbIX CHCTEM, a TaKzKe UX CHOCO6HOCTI) Ipu-
obpeTarh 3HAHUSI ¥ HABBIKA W3 PA3JIMYHBIX UCTOYHUKOB.
Haércst obocnoBanmne mpumenennst rexaojorun OSTIS rst
pa3paboTKN MHTEIEKTYAJIbHBIX CHCTEM, OCHOBAHHBIX Ha
SHAHUIX.



