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I. INTRODUCTION

The most important direction of increasing the level
of intelligence of individual intelligent cybernetic sys-
tems is the transition to individual intelligent cybernetic
systems collectives and further to hierarchical intelligent
cybernetic systems collectives, whose members are both
individual intelligent cybernetic systems and individual
intelligent cybernetic systems collectives, as well as
hierarchical intelligent cybernetic systems collectives.
Similarly, it is necessary to increase the level of in-
telligence and individual intelligent computer systems
(artificial cybernetic systems). But at the same time, we
must remember that not every association of intelligent
cybernetic systems (including computer systems) becomes
an intelligent collective. For this, it is necessary to comply
with additional requirements imposed on all members
of intelligent collectives. The most important of them
is the requirement of a high level of interoperability,
in other words the ability to interact effectively with
other members of the team. The transition from modern
intelligent computer systems to interoperable intelligent
computer systems is a key factor in the transition to the
next-generation intelligent computer systems, providing
a significant increase in the level of automation of human
activity.
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II. NEXT-GENERATION INTELLIGENT COMPUTER
SYSTEMS

The creation of various complexes of interacting intel-
ligent computer systems requires improving the quality of
not only these systems themselves, but also the quality of
their interaction. Next-generation intelligent computer sys-
tems should have a high level of interoperability, in other
words, a high level of ability to effectively, purposefully
interact with their own kind and with users in the process
of collective (distributed) and decentralized solution of
complex problems [1], [2], [3], [4], [5], [6]. The level
of interoperability of intelligent computer systems is,
figuratively speaking, the level of their "socialization",
usefulness within the framework of various a priori
unknown communities (collectives) of intelligent systems.
The level of interoperability of intelligent computer
systems 1is the level of their communication (social)
compatibility, which allows them to independently form
collectives of intelligent computer systems and their users,
as well as independently coordinate and coordinate their
activities within these collectives when solving complex
tasks in partially predictable conditions. Increasing the
level of interoperability of intelligent computer systems
determines the transition to the next-generation intelli-
gent computer systems, without which it is impossible
to implement projects such as smart-enterprise, smart-
hospital, smart-city, smart-society [7], [8].

intelligent computer system

= [intelligent artificial cybernetic system]
= decomposition*:
{e individual intelligent computer system
° intelligent collective of intelligent

computer systems

}

Let’s take a closer look at the concept of intelligent
collective of intelligent computer systems.



intelligent collective of intelligent computer systems

= [intelligent multi-agent system, whose agents are
intelligent computer systems]

= note*:

[Not every collective of intelligent computer
systems can be intelligent, because the level of
intelligence of such a collective is determined
not only by the level of intelligence of its
members, but also by the efficiency (quality) of
their interaction.]

= decomposition™:

{e intelligent collective of individual
intelligent computer systems
° hierarchical intelligent collective of

intelligent computer systems

= [intelligent collective of intelligent
computer systems, at least one of
whose members is an intelligent
collective of intelligent computer
systems]

next-generation intelligent computer systems
= requirements*:
e  high level of interoperability
e  high level of learning
e  high level of hybridity
e  a high level of ability to solve intelligent prob-
lems (in other words problems, which solution
methods and/or the background information
required for their solution are priori unknown)
e  high level of synergy

interoperability™

= [ability to effectively (focused) interaction with
other independent subjects]

= [ability to the partnership in solving complex

problems, that require collective activity]

[ability to work in collective (in a team)]

[level of socialization]

[social skills]

high level of interoperability
=> provided by*:
e  high level of understanding
=> provided by*:

e high level of semantic compatibil-
ity of a given subject with other
subjects of a given collective

e  high level of ability to understand
the messages and behavior of part-
ners

e  high level of ability to be under-
standable for partners:

— ability to clearly and reasonably
formulate their suggestions and
information useful for solving
current problems;

— ability to act and comment on
their actions so that they and their
motives are clear to partners;

e  high level of ability to increase the
level of semantic compatibility with
their partners

e  high level of negotiability, in other words the
ability to coordinate with partners their plans
and intentions in order to ensure timely high
quality of the collective result

o  high level of ability to decentralize coordina-
tion of their actions with the actions of partners
in unpredictable (abnormal) circumstances

e  high level of ability to minimize the negative
consequences of conflict situations with other
subjects
= provided by*:

e  high level of ability to prevent the
occurrence of conflict situations

e compliance with ethical standards
and rules that prevent the occur-
rence of destructive consequences
of conflict situations

e  high level of ability to share re-
sponsibility with partners for timely
and high-quality achievement of a
common goal

semantic compatibility”

= [degree of coherence (coincidence) of systems of
concepts and other key entities, used by specified
interacting entities]

= note*:
[Provision of semantic compatibility requires for-
malization of the semantic representation of
information)

ability to share responsibility with partners, which is
a necessary condition for decentralized management of
collective activity

= provided by*:
e ability to monitor and analyze collectively
performed activity
e  ability to promptly inform partners about
adverse situations, events, trends, as well as
initiate appropriate collective actions

learning”

= [ability to quickly and efficiently acquire new
knowledge and skills, as well as improve already
acquired knowledge and skills]



high level of learning
= provided by*:
e  high level of flexibility of the information
stored in the memory of the intelligent system
e  high level of quality of stratification of infor-
mation, stored in the memory of the intelligent
system by the stratification of the knowledge
base
high level of reflexivity of intelligent system
high level of ability to correct its mistakes
(including to eliminate contradictions in its
knowledge base)
high level of cognitive activity
absence of restrictions on the type of acquired
knowledge and skills (the absence of such
restrictions means the potential universality
of the intelligent system)

hybridity®

= [degree of diversity of the types of knowledge and
models of problem solving used and the level of
efficiency of their sharing]

= [individual ability to solve complex problems that
require the use of different types of knowledge, as
well as various combinations of different models
of problem solving]

high level of hybridity
= provided by*:
e  high degree of diversity of the types of knowl-
edge and models of problem solving used
° high degree of convergence [9], [10] and
deep integration (degree of interpenetration)
of various types of knowledge and models of
problem solving
e  ability to indefinitely expand the level of its
hybridity

We emphasize that the hybridity and interoperability
of intelligent computer systems of the next-generation
implies the rejection of the well-known paradigm of
"black boxes", since:

e all the variety of problem solving models of a hybrid
intelligent computer system should be interpreted on
one common universal platform;

e availability of information about how each method
used, the model of problem solving, each subject sig-
nificantly improves the quality of their coordination
when solving complex tasks together;

e it becomes possible to use some methods, models
of problem solving and entire subjects (for instance,
intelligent computer systems) to improve (improve
the quality) of other methods, models and subjects.

It is especially necessary to note the following char-
acteristics of intelligent computer systems of the next-
generation:

e degree of convergence, unification and standardiza-
tion of intelligent computer systems and their com-
ponents and the corresponding degree of integration
(integration depth) of intelligent computer systems
and their components;

e semantic compatibility between intelligent computer
systems in general and semantic compatibility be-
tween the components of each intelligent computer
system (in particular, compatibility between different
types of knowledge and different models of knowl-
edge processing), which are the main indicators of
the degree of convergence (convergence) between
intelligent computer systems and their components.

The feature of these characteristics of intelligent
computer systems and their components is that they play
an important role in solving all the key tasks of the
modern stage of artificial intelligence development and
are closely related to each other.

It should also be noted that the listed requirements
for the next-generation intelligent computer systems are
aimed at overcoming the curse of Babel [11] both within
intelligent computer systems of the next-generation (be-
tween internal information processes for solving various
problems) and between interacting independent next-
generation intelligent computer systems in the process of
collective solution of complex problems.

At the present stage of evolution of intelligent computer
systems for a significant expansion of their application
areas and a qualitative increase in the level of automation
of human activity:

e It is necessary to move to the creation of
semantically compatible intelligent computer sys-
tems of the next-generation, focused not only on
individual, but also on collective (joint) solution
of complex problems requiring coordinated activity
several independent intelligent computer systems
and the use of various models and methods in
unpredictable combinations, which is necessary to
significantly expand the scope of application of
intelligent computer systems, for the transition from
automation of local types and areas of human activity
to complex automation of larger (combined) types
and areas of this activity;

e It is necessary to develop a General formal theory
and standard for the next-generation intelligent
computer systems,

e It is necessary to develop a Technology for in-
tegrated support of the life cycle of the next-
generation intelligent computer systems, which
includes support for the engineering of these systems
(as the initial stage of their life cycle) and ensuring
their compatibility at all stages of their life cycle;

e Convergence and unification of the next-generation
intelligent computer systems is necessary;

e It is necessary to implement "seamless", "diffuse",




interpenetrating, deep integration of semantically
adjacent components of intelligent computer sys-
tems, in other words, integration in which there
are no clear boundaries ("seams") of the integrated
(connected) components, and which can be carried
out automatically. This means moving to hybrid
intelligent computer systems;

It is necessary to observe the Occam’s razor princi-
ple — maximum possible structural simplification of
intelligent computer systems of the next-generation,
exclusion of eclectic solutions;

It is necessary to focus on potentially universal
(in other words, capable of quickly acquiring any
knowledge and skills), synergetic intelligent com-
puter systems with "strong" intelligence;

next-generation intelligent computer systems

underlying principles™:

e semantic representation of knowledge in the
memory of intelligent computer systems, as-
suming the absence of homonymic signs, which
in different contexts denote different enti-
ties, as well as the absence of synonymy,
in other words pairs of synonymous signs,
which denote the same entity. The semantic
representation of the information structure in
general has a nonlinear (graph) character and
is called semantic network

e use of a common for all intelligent computer
systems universal language of semantic repre-
sentation of knowledge in memory intelligent
computer systems, having the simplest pos-
sible syntax, providing the representation of
any types of knowledge and having unlimited
possibilities of transition from knowledge to
meta-knowledge. The simplicity of the syntax
of information constructions of the specified
language allows us to call these constructions
refined semantic networks

e structurally tunable (graphodynamic) memory
organization of intelligent computer systems,
in which knowledge processing is reduced
not so much to changing the state of stored
characters, as to changing the configuration
of the connections between these characters

e semantically unlimited associative access to
information stored in the memory of intelligent
computer systems, according to a given sample
of arbitrary size and arbitrary configuration

e decentralized situational management of in-
formation processes in the memory of intelli-
gent computer systems, realized using agent-
oriented model of knowledge base process-
ing, in which initiation of new information
processes is not carried out by transferring

control to the corresponding a priori known
procedures, and as a result of the occurrence
of the corresponding situations or events in
the memory of an intelligent computer system,
because «The main problem of computer
systems is not the accumulation of knowl-
edge, but the ability to activate the necessary
knowledge in the process of solving problems»
(Pospelov D.A.). Such a multi-agent process of
information processing is a activity performed
by some collective of independent information
agents (information processing agents), the
condition for initiating each of which is the
appearance in the current state of knowledge
base corresponding to this agent situation
and/or events.
The choice of multi-agent technologies is
explained by the fact that currently any com-
plex production, logistics or other system
can be represented by a set of interactions
of simpler systems to any level of detail,
which provides a fractal-recursive principle
of building multi-tiered systems built as open
digital colonies and Al ecosystems. Multi-
agent technologies are based on a distributed
or decentralized approach to problem solving,
in which dynamically updated information
in a distributed network of intelligent agents
is processed directly from agents along with
locally available information from "neighbors".
At the same time, both resource and time
costs for communication in the network are
significantly reduced, as well as time for
processing and decision-making in the center
of the system (if there is one).»
< quotation*:

Barinov I1.. DevelSFoftheConAI-2021/p.

270 [12]
Transition to semantic models of problem
solving, which are based on taking into ac-
count not only syntactic (structural) aspects of
the processed information, but also semantic
(semantic) aspects of this information — "From
data science to knowledge science"
ontological model of knowledge bases of
intelligent computer systems, in other words
the ontological structuring of all information
stored in memory of intelligent computer
system, assuming a clear stratification of the
knowledge base in the form of a hierarchical
system of subject areas and the corresponding
ontologies, each of which provides a semantic
specification of all concepts that are key within
the corresponding subject area
ontological localization of problem solving



in intelligent computer systems, assuming
localization scope of each stored in memory
method and each information agent in accor-
dance with ontological model processed by
knowledge base. Most often, such a scope is
one of subject areas or one of subject areas
together with its corresponding ontology
ontological model of the interface intelligent
computer system which includes:

— ontological description of syntax of all lan-
guages used by intelligent computer system
for communication with external subjects;

— ontological description of denotational se-
mantics of each language used by intelligent
computer system for communication with
external subjects;

— family of information agents providing syn-
tactic analysis, semantic analysis (transla-
tion into an internal semantic language)
and understanding (immersion in knowledge
base) of any entered message belonging
to any fo an external language, the full
ontological description of which is in the
knowledge base of intelligent computer
system;

— family of information agents providing the
synthesis of messages that (1) are addressed
to external subjects with whom an intel-
ligent computer system communicates, (2)
are semantically equivalent to the specified
fragments of the knowledge base of an
intelligent computer system that determine
the meaning of the transmitted messages,
(3) belong to one of the external languages,
the full ontological description of which
is in the knowledge base of an intelligent
computer system,;

semantically friendly nature of the user in-
terface, provided by (1) a formal description
in the knowledge base of the user interface
management tool and (2) the introduction of
the corresponding help subsystems into the
intelligent computer system, providing a signif-
icant reduction in the language barrier between
users and intelligent computer systems, which
will significantly increase the efficiency of
operation of intelligent computer systems

minimizing the negative impact of the human
factor on the efficiency of operation intelligent
computer systems thanks to the implementation
of an interoperable (partner) style of interaction
not only between intelligent computer systems
themselves, but also between intelligent com-
puter systems and their users. Responsibility
for the quality of joint activities should be
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distributed among all partners
multimodality (hybrid character) intelligent
computer system, which assumes:

— variety of fypes of knowledge included in the
knowledge base of an intelligent computer
system;

— variety of problem solving models used
by the problem solver of an intelligent
computer system;

— variety of sensor channels that monitor the
state of the external environment of an
intelligent computer system;

— variety of effectors that affect the external
environment,

— variety of languages of communication with
other subjects (with users, with intelligent
computer systems);

internal semantic compatibility between the
components of an intelligent computer system
(i.e., the maximum possible introduction of
common, matching concepts for various frag-
ments of the stored knowledge base), which is
a form of convergence and deep integration
within an intelligent computer system for dif-
ferent types of knowledge and different models
of problem solving, which ensures the effective
implementation of the multimodality of an
intelligent computer system

external semantic compatibility between vari-
ous intelligent computer systems, expressed not
only in the commonality of concepts used, but
also in the commonality of basic knowledge
and is a necessary condition for ensuring a high
level of interoperability of intelligent computer
systems

orientation to the use of intelligent computer
systems as cognitive agents in hierarchical
multi-agent systems

platform independence of intelligent com-
puter systems, assuming:

— clear stratification of each intelligent com-
puter system (1) to a logical-semantic model
represented by its knowledge base, which
contains not only declarative knowledge, but
also knowledge having operational seman-
tics, and (2) to a platform providing inter-
pretation of the specified logical-semantic
model,

— universality of the specified platform of
interpretation of the logical-semantic model
of an intelligent computer system, which
makes it possible for each such platform
to provide interpretation of any logical-
semantic model of an intelligent computer
system, if this model is presented in the



same universal language of semantic repre-
sentation of information;

— variety of options for implementing plat-
forms for interpreting logical and seman-
tic models of intelligent computer systems
- both options that are programmatically
implemented on modern computers, and
options that are implemented in the form
of new-generation mainframe computers fo-
cused on use in intelligent computer systems
of a new generation (such computers we
called associative semantic computers);

— easily implemented possibility of trans-
ferring (reinstalling) the logical-semantic
model (knowledge base) of any intelligent
computer system to any other platform for
interpreting logical-semantic models;

e  initial orientation of intelligent computer sys-
tems of the new generation to the use of univer-
sal associative semantic computers (computers
of the new generation) as a platform for
the interpretation of logical-semantic models
(knowledge bases) of intelligent computer
systems

Currently, a large number of different types of problem
solving models, models of representation and processing
of knowledge of various types have been developed.
But different combinations of these models may be in
demand in different intelligent computer systems. When
developing and implementing various intelligent computer
systems, appropriate methods and tools should guarantee
the logical and semantic compatibility of the components
being developed and, in particular, their ability to use
common information resources. For this, obviously, the
unification of these models is necessary.

The variety of different types of intelligent computer
systems and, accordingly, the variety of combinations of
knowledge representation models and problem solving
used by them is determined by:

e variety of the purpose of intelligent computer systems
and the type of their environment;

e variety of different types of stored knowledge; a
variety of knowledge processing models and problem
solutions;

e variety of different types of interfaces (signal pro-
cessing, audio, video, effector means).

The following aspects of the compatibility of knowl-
edge representation and processing models in infelligent
computer systems should be highlighted:

e syntactic;
e semantic (consistency of systems of concepts);
e functional (operational).

It should also be distinguished:

e compatibility between components of intelligent
computer systems;

e compatibility between the upper logical-semantic
level of the knowledge representation and processing
models used and various levels of their interpretation
up to the hardware level;

e compatibility between individual intelligent computer
systems;

o compatibility between individual intelligent computer
systems and their users;

e compatibility between teams of intelligent computer
systems.

III. SEMANTIC REPRESENTATION OF INFORMATION

semantic representation of information

= [recording (representation) of the information
structure at the semantic level]

= [information construct whose syntactic structure
is close to its meaning, i.e. close to the de-
scribed configuration of connections between the
described entities]

= [semantic representation of the information struc-
ture]

C semantic network
D refined semantic network

refined semantic network
=> the underlying principles™:

e  Each element (syntactically atomic fragment)
of a refined semantic network is a sign of one
of the described entities

e  Each entity described by a refined semantic
network should be represented by its own sign,
which is an element of this network

e  Within each separate refined semantic network,
there is no synonymy of different signs, and
there are also no homonymous signs

e  The variety of entities described by refined
semantic networks is not limited by anything.
Accordingly, the semantic typology of the
elements of refined semantic networks is very
rich

e A special type of elements of refined semantic
systems are signs of connections between other
elements of these networks. At the same time,
connected elements (i.e. elements that are
incident to the specified signs of connections)
there may also be signs of other connections.
Most often, the sign of the connection between
the elements of a refined semantic network is
a reflection of the connection between entities
that are designated by these elements. But in
some cases, the sign of the connection between
the elements of a refined semantic network can
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be a reflection, for example, of the connection
between one described entity and the sign of
another described entity

IV. MULTI-AGENT MODELS OF PROBLEM SOLVING
BASED ON THE SEMANTIC REPRESENTATION OF

INFORMATION

next-generation intelligent computer systems problem

solver

= requirements*:

problem solver of intelligent computer systems
of a new generation should be able to solve
intellectual problems, which include the fol-
lowing types of tasks:

— poorly formulated problem

= [problem whose formulation con-
tains various non-factors (incom-
pleteness, vagueness, inconsis-
tency (incorrectness),..)]

— problem for which, in addition to the for-
mulation of the problem itself and the cor-
responding method of solving it, additional,
but a priori unknown, information about
the objects specified in the formulation
(statement) of the problem is needed. At
the same time, the specified additional in-
formation may or may not be present in
the current state of the knowledge base of
intelligent computer systems. In addition,
for some tasks, the area of the knowledge
base can be specified (specified), the use of
which is sufficient to search for or generate
(in particular, logical output) the specified
additional required information. Such an
area of the knowledge base will be called the
area of solving the corresponding problem

— problem for which the appropriate method
of solving it is not currently known. refor-
mulate the problem, in other words generate
(logically output) a logically equivalent
formulation of the original problem for
which the method of its solution is currently
known; To solve such a problem , you can:

* reformulate the problem, in other words
generate (logically output) a logically
equivalent formulation of the original
problem for which the method of its
solution is currently known;

* reduce the original problem to a family
of subtasks for which the methods of
their solution are currently known.

process of solving problems in intelligent

computer systems of a new generation is
implemented by a team of information agents

processing the knowledge base of intelligent
computer systems

management of information processes in the
memory of intelligent computer systems of a
new generation is carried out in a decentralized
manner according to the principles of situa-
tional management

situational management

=

[situational and event management]

explanation™:

[managing the sequence of actions, in which the
condition ("trigger") for initiating these actions
is:

O occurrence of some situations (conditions,
states);
O and/or the occurrence of some events

]

situation

event
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[structure describing some temporarily existing
configuration of relationships between some
entities]
[description of the temporarily existing state of
some fragment (some part) of some dynamic
system]

emergence of a temporary entity

= [appearance, birth, the beginning of the
existence of some temporary entity]

disappearance of a temporary entity

= [termination, termination of the existence
of some temporary entity]

transition from one situation to another

= note*:

[It takes into account not only the fact
of the emergence of a new situation, but
also its background - i.e. the situation
that immediately precedes it. So, for
example, reacting to an abnormal value
of a parameter, it is important for us to
know:

O what is the dynamics of the change of
this parameter (it increases or decreases
and at what rate);

O what measures were taken earlier to
eliminate this anomaly.



V. ONTOLOGICAL MODELS OF INTERFACES OF
INTELLIGENT COMPUTER SYSTEMS BASED ON THE
SEMANTIC REPRESENTATION OF INFORMATION

interface of the next-generation intelligent computer
system
= underlying principles*:

e  interface of an intelligent computer system of

a new generation is considered as a solver

of a particular type of problems - inferface

problems, the main of which are:

— problems of understanding verbal informa-
tion acquired by an intelligent computer
system (syntactic analysis, semantic analysis
and immersion in the knowledge base of an
intelligent computer system)

— problems of understanding nonverbal infor-
mation perceived by sensory subsystems
of an intelligent computer system (image
analysis, audio signal analysis, immersion
of analysis results into the knowledge base
of an intelligent computer system)

— problems of synthesizing messages ad-
dressed to external entities (cybernetic sys-
tems)

e  fact that the interface of an intelligent computer
system of a new generation is a solver of a
particular type of problems of an intelligent
computer system of a new generation, the
properties underlying the problem solvers of in-
telligent computer systems of a new generation
are inherited by the interfaces of intelligent
computer systems of a new generation. It
follows from this that the basis of intelligent
computer systems of the new generation 1is:

— semantic representation of accumulated (ac-
quired knowledge);

— interpretation of semantic analysis of ac-
quired verbal information as a process of
translating this information into the internal
language of the semantic representation of
knowledge, followed by immersion (input,
integration) of the result of this translation
into the current state of the knowledge base
of an intelligent computer system of a new
generation;

— interpretation of the synthesis of messages
addressed by external entities as a process
of reverse translation of some fragment
of the knowledge base from the internal
language of the semantic representation of
information into an external language used
to communicate with a given subject;

— agent-oriented organization of interface
problem solving, implemented by the re-

spective teams of internal agents of the
interface of intelligent computer systems of
a new generation interacting through the
knowledge base of an intelligent computer
system of a new generation that is publicly
available to them

e interface of an intelligent computer system of a
new generation is interpreted as a specialized
integrated intelligent computer system of a
new generation, which is part of the above-
mentioned intelligent computer system, the
knowledge base of which includes:

— ontology of the syntactic internal language

of the semantic representation of informa-
tion;
ontology of denotational semantics of the
internal language of semantic representation
of information;
syntax ontology of all external languages
used to communicate with external entities;
ontologies of denotational semantics of all
external languages used for communication
with external subjects (each such ontology
from a formal point of view is a description
of the correspondence between the texts of
external languages and semantically equiv-
alent texts of the internal language of the
semantic representation of information.
At the same time, we emphasize that all
of these ontologies, which are part of the
knowledge base, interfaces of intelligent
computer systems of a new generation, as
well as all other information included in this
knowledge base, are presented in the internal
language of the semantic representation of
information, which, accordingly, is used in
this case as a meta language.

Conversations about a friendly and, in particular,
adaptive user interface have been going on for a long
time, but this most often concerns the form ("syntactic"
side) of the user interface, and not the semantic content
of interaction with users. Currently, user interfaces of
computer systems (including intelligent computer systems)
for a wide contingent of users are not semantically
(meaningfully) friendly (semantically comfortable). The
organization of user interaction with computer systems
(including intelligent computer systems) is a "bottleneck”
that has a significant impact on the efficiency of au-
tomation of human activity. The modern organization
of user interaction with a computer system is based on
the paradigm of a competent user who knows what he
wants from the tool he uses and is fully responsible for
the quality of interaction with this tool. This paradigm
underlies the activities of a logger in interaction with



an axe, a rider in interaction with a horse, a car driver,
a pilot in interaction with a corresponding vehicle, an
operator of a nuclear power plant, a railway dispatcher,
and so on.

At the present stage of the development of Artificial in-
telligence, in order to increase the efficiency of interaction,
it is necessary to move from the paradigm of competent
management of the tool used to the paradigm of equal
cooperation, partnership interaction of an intelligent
computer system with its user. An intelligent computer
system should turn "face" to the user.

Semantic friendliness of the user interface should
consist in adaptability to the peculiarities and qualifi-
cations of the user, the exclusion of any problems for
the user in the process of dialogue with an intelligent
computer system, in permanent care of improving the
user’s communication skills.

VI. ADVANTAGES OF THE PROPOSED APPROACH TO
THE CREATION OF INTELLIGENT COMPUTER SYSTEMS
OF A NEW GENERATION WHAT MEASURES WERE
TAKEN EARLIER TO ELIMINATE THIS ANOMALY

The semantic representation of information in the
memory of intelligent computer systems ensures the
elimination of duplication of information stored in the
memory of an intelligent computer system, i.e. the
elimination of a variety of forms of representation of
the same information, the prohibition of the appearance
in one memory of semantically equivalent information
structures, including synonymous signs. This significantly
reduces complexity and improves quality:

e development of various models of knowledge pro-
cessing (because there is no need to take into account
the variety of forms of representation of the same
knowledge);

o semantic analysis and understanding of information
received (transmitted) from various external entities
(from users, from developers, from other intelligent
computer systems);

e convergence and integration of different types of
knowledge within each intelligent computer system;

e ensuring semantic compatibility and mutual un-
derstanding between various intelligent computer
systems, as well as between intelligent computer
systems and their users.

We consider the concept of semantic network not
as a beautiful metaphor of complexly structured sign
constructions, but as a formal refinement of the concept of
semantic representation of information, as the principle of
representation of information underlying a new generation
of computer languages and computer systems themselves
- graph languages and graph computers. A semantic
network is a nonlinear (graph) sign construction with the
following properties:

e all elements (in other words syntactically elemen-

tary fragments) of this graph structure (nodes and

bundles) are signs of the entities being described
and, in particular, signs of connections between these
entities;

e all signs included in this graph structure do not have
synonyms within this structure;

e "internal" pattern (structure) of the signs included in
the semantic network does not need to be taken into
account in its semantic analysis (understanding);

e meaning of a semantic network is determined by the
denotational semantics of all the signs included in it
and the configuration of the incidence relationships
of these signs;

e of the two incident signs included in the semantic
network, at least one is a communication sign.

A refined semantic network is a semantic network

having a simple syntactic structure in which, in particular,

e finite alphabet of semantic network elements is
used, in other words a finite number of syntactically
distinguished types (syntactic labels) attributed to
these elements;

e external identifiers (in particular, names) attributed
to semantic network elements are used only for
information input/output.

An agent-oriented model of information processing
combined with decentralized situational control of the
information processing process, as well as with the
semantic representation of information in the memory
of an intelligent computer system significantly reduces
the complexity and improves the quality of integration of
various models of problem solving in the processing of a
common knowledge base. This refers to the simultaneous
use of different models of problem solving when process-
ing the same knowledge, in particular, when solving the
same problem.

A high level of semantic flexibility of information stored
in the memory of an intelligent computer system of a new
generation is ensured by the fact that each deletion or
addition of a syntactically elementary fragment of stored
information, as well as the deletion or addition of each
incident relationship between such elements has a clear
semantic interpretation.

A high level of stratification of information stored
in the memory of the next-generation intelligent com-
puter system is provided by the ontologically oriented
structuring of the knowledge base of the next-generation
intelligent computer system.

A high level of individual learning of the next-
generation intelligent computer systems (in other words
their ability to rapidly expand their knowledge and skills)
is provided:

e semantic flexibility of the information stored in their

memory;

e the stratification of this information;

o reflexivity of intelligent computer systems of the new

generation.
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A high level of collective learning of the next-
generation intelligent computer systems is ensured by
a high level of their socialization (i.e. the ability to effec-
tively participate in the activities of various collectives
consisting of the next-generation intelligent computer
systems and people) and, above all, a high level of their
mutual understanding.

The high level of interoperability of intelligent com-
puter systems of the new generation fundamentally
changes the nature of the interaction of computer systems
with people whose activities they automate - from the
management of these automation tools to equal partner
meaningful relationships.

Each next-generation intelligent computer system is
capable of:

e independently or by invitation to join a team con-
sisting of intelligent computer systems of a new
generation and/or people. Such teams are created
on a temporary or permanent basis for the collective
solution of complex tasks;

e participate in the distribution (including coordination
of the distribution) of rasks — both "one-time" tasks
and long-term tasks (responsibilities);

e monitor the state of the entire process of collective
activity and coordinate their activities with the
activities of other members of the team in case
of possible unpredictable changes in the conditions
(state) of the relevant environment.

The high level of intelligence of the next-generation
intelligent computer systems and, accordingly, the high
level of their independence and purposefulness allows
them to be full members of a wide variety of communities
within which next-generation intelligent computer systems
receive the right to initiate independently (based on
a detailed analysis of the current state of affairs and,
including, the current state of the community action plan)
a wide the range of actions (problems) performed by
other members of the community, and thus participate
in the coordination and coordination of the activities of
community members. The ability of the next-generation
intelligent computer system to coordinate its activities with
other similar systems, as well as to adjust the activities
of the entire collective of the next-generation intelligent
computer systems, adapting to various types of changes
in the environment (conditions) in which this activity
is carried out, allows you to significantly automate the
activities of a system integrator both at the stage of
creating a collective of the next-generation intelligent
computer systems, and and at the stage of its updating
(reengineering).

The advantages of intelligent computer systems of the
new generation are provided by:

e advantages of the language of internal semantic

encoding of information stored in the memory of
these systems;

e advantages of the organization of graphodynamic
associative semantic memory of intelligent computer
systems of a new generation;

e advantages of semantic representation of knowledge
bases of intelligent computer systems of a new
generation and means of ontological structuring of
knowledge bases of these systems;

e advantages of agent-oriented problem solving models
used in intelligent computer systems of a new
generation in combination with decentralized control
of the information processing process.

VII. TECHNOLOGY OF INTEGRATED LIFE CYCLE
SUPPORT FOR INTELLIGENT COMPUTER SYSTEMS OF
THE NEXT GENERATION

life cycle of the next-generation intelligent computer
system
= includes*:
° designing the next-generation intelligent com-
puter system
= includes*:

e  designing the knowledge base of
the next-generation intelligent com-
puter system

e  designing the next-generation in-
telligent computer system problem
solver

e  designing the interface of the next-
generation intelligent computer sys-
tem

e  realization of the next-generation intelligent
computer system

e  initial training of the next-generation intelli-
gent computer system

° quality monitoring of the next-generation in-
telligent computer system

e  restoring the required level of the next-
generation intelligent computer system

e  reengineering of the next-generation intelligent
computer system

e  ensuring the security of the next-generation
intelligent computer system

e  operation of the next-generation intelligent
computer system by end users

The construction of a technology for integrated support
of the life cycle of the next-generation intelligent computer
systems involves:

e Clear description of the current version of the next-
generation intelligent computer systems standard,
which ensures semantic compatibility of the systems
being developed;

e Creation of powerful libraries of semantically com-
patible and reusable components of developed intel-
ligent computer systems;



e Clarification of the requirements for the integrated
technology being created and caused by the features
of the next-generation intelligent computer systems
developed and operated using this technology.

Creation of an infrastructure that provides intensive

— clear coordination and operational formalized
fixation (in the form of formal ontologies) of
the approved current state of the hierarchical
system of all concepts underlying the permanently
evolving standard of intelligent computer systems

of the next generation, as well as at the heart of
each developed intelligent computer system;
— fairly complete and prompt documentation of the

permanent development of Technology for integrated
support of the life cycle of the next-generation intelligent
computer systems involves:

e Ensuring a low threshold of entry into the technology
of designing intelligent computer systems for both
technology users (i.e. developers of applied or spe-
cialized intelligent computer systems) and developers
of the technology itself;

e Ensuring high rates of technology development by
taking into account the experience of developing
various applications by actively involving application
authors to participate in the development (improve-
ment) of technology.

At the heart of the creation of the fechnology we offer

current status of each project;
— using the "top-down" design methodology.

e component design of intelligent computer systems of
a new generation, i.e. design focused on the assembly
of intelligent computer systems from ready-made
components based on constantly expanding libraries
of reusable components,

e complex nature of the proposed technology that
performs:

— support for designing not only components of
intelligent computer systems of the next generation
(various fragments of knowledge bases, knowledge

Jor integrated support of the life cycle of intelligent
computer systems of the next generation, are the
following provisions:

bases in general, various methods of problem solv-
ing, various internal information agents, problem
solvers in general, formal ontological descriptions

e implementation of the proposed technology for the
development and maintenance of intelligent com-
puter systems of the next generation in the form of
an intelligent computer metasystem that fully com-
plies with the standards of the proposed intelligent
computer systems of the next generation developed
by the proposed technology. The structure of such
an intelligent computer metasystem implementing
the proposed technology includes:

— formal ontological description of the current
version of the standard for intelligent computer

of various external languages, interfaces in gen-
eral), but also intelligent computer systems in
general as independent design objects taking into
account the specifics of those classes to which the
designed intelligent computer systems belong;

— support not only for the integrated design of intel-
ligent computer systems of the next generation, but
also support for their implementation (assembly,
reproduction), maintenance, reengineering during
operation and operation itself.

To create a technology for integrated design and

systems of the next generation;
— formal ontological description of the current
version of methods and tools for designing, im-

comprehensive support for the subsequent stages of the
life cycle of intelligent computer systems of the next
generation, it is necessary:

plementing, maintaining, reengineering and op-
erating intelligent computer systems of the next
generation.
Due to this, the technology of designing and reengi-
neering intelligent computer systems of a new
generation and the technology of designing and
reengineering the technology itself (i.e. intelligent
computer metasystem) are the same thing;

e unification and standardization of intelligent com-
puter systems of the next generation, as well as
methods of their design, implementation, mainte-
nance, reengineering and operation;

e permanent evolution of the standard of intelligent
computer systems of the next generation, as well
as methods of their design, implementation, mainte-
nance, reengineering and operation;

e ontological design of intelligent computer systems
of the next generation, assuming:
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e Unify the formalization of various models of repre-
sentation of various types of used information stored
in the memory of intelligent computer systems and
various models of solving intelligent problems to
ensure semantic compatibility and simple automated
integrability of various types of knowledge and
models of solving problems in intelligent computer
systems. To do this, it is necessary to develop a basic
universal abstract model of knowledge representation
and processing, which provides the implementation
of various models of problem solving.

e Unify the structuring of knowledge bases of intelli-
gent computer systems in the form of a hierarchical
system of ontologies of different levels.

e Unify the system of concepts used, specified by the
corresponding ontologies to ensure semantic com-
patibility and interoperability of various intelligent
computer systems.



e Unify the architecture of intelligent computer sys-
tems, providing semantic compatibility:
— between intelligent computer systems and their

users;

— between individual intelligent computer systems;
— between collective intelligent computer systems,
as well as ensuring the interoperability of communi-
ties consisting of:
— individual intelligent computer systems,
— collective intelligent computer systems;
— users of intelligent computer systems

o To develop a basic model of interpretation of various
formal models of problem solving in intelligent
computer systems with a focus on the maximum
possible simplification of such interpretation in next
generation computers that are specifically designed
for the implementation of individual intelligent
computer systems.

e To develop the next generation of computers, the
principles of functioning of which are as close
as possible to the basic abstract model, which
ensures the integration of all kinds of knowledge
representation models and problem solving models.
At the same time, the basic information processing
machine underlying these computers should differ
significantly from the von Neumann machine and
should be close to the basic model of problem
solving in intelligent computer systems in order to
significantly reduce the complexity of interpreting
the entire variety of problem solving models in
intelligent computer systems.

The implementation of all these stages of the devel-
opment of Artificial Intelligence technologies represents
a transition to a fundamentally new technological order,
which provides a significant increase in the efficiency
of practical use of the results of work in the field of
Artificial intelligence and a significant increase in the
level of automation of human activity.

We have called the proposed fechnology of integrated
support of the life cycle of the next-generation intelligent
computer systems the OSTIS Technology (Open Semantic
Technology for Intelligent Systems). Accordingly, intelli-
gent computer systems of the next generation developed
using this technology are called ostis-systems. The OSTIS
technology itself is implemented by us in the form of a
special ostis-system, which we call the OSTIS Metasystem
and the knowledge base of which contains:

e Formal theory of ostis-systems;
e Standard of ostis-systems
— Standard for ostis-systems knowledge base
* Standard of the internal universal language of
semantic representation of knowledge in the
memory of ostis-systems
+ Standard for the internal representation of top-
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level ontologies in the memory of ostis-systems
* Standard for the presentation of the source
texts of knowledge bases of ostis-systems

— Standard for ostis-systems problem solvers

* Standard of the ostis-systems basic program-
ming language

* Standard of high-level programming languages
for ostis-systems

* Standard for the representation of artificial neu-
ral networks in the memory of ostis-systems

* Standard of internal information agents in
ostis-systems

— Standard for ostis-systems interfaces

* The standard of external languages of ostis-
systems close to the internal universal language
of semantic representation of knowledge

e Standard for ostis-systems and the OSTIS Technol-
ogy (OSTIS standard) [13];

e The core of the Library of reusable components
ostis-systems (OSTIS Libraries);

e Methods and tools to support the life cycle of ostis-
systems and their components.

ostis-system
= subdividing*:
{e ostis-subject
= [independent ostis-system]
= subdividing*:
{e individual ostis-system
) collective ostis-system
= [multi-agent system,
which is a collec-
tive of individual
and collective ostis-
systems, whose ac-
tivities are coordi-
nated by the corre-
sponding corporate
ostis-system]

= note*:
[The ostis-systems
collective may

include individual
ostis-systems may
include individual
ostis-systems

of any  kind
- including
corporate
ostis-systems
representing  the
interests of other
ostis-systems
teams]



° built-in ostis-system
= [ostis-system, which is part of some
individual ostis-system]

}

individual ostis-system

= [minimal independent ostis-system]
= subdividing*:
{eo personal ostis-assistant
= [ostis-system, which provides com-
prehensive adaptive service to a
specific user on all issues related
to his interaction with any other
ostis-systems, as well as represent-
ing the interests of this user in
the entire global network of ostis-
systems]
° corporate ostis-system
= [ostis-system that coordinates the
joint activities of ostis-systems
within the framework of the cor-
responding ostis-system collective,
monitors and reengineers the cor-
responding set of ostis-systems
and represents the interests of
this collective within other ostis-
system collectives]
° individual ostis system that is neither a
personal ostis assistant nor a corporate
ostis system

VIII. CONCLUSION

Let us briefly list the main provisions of this work:
e The main practically significant direction of the
development of modern intelligent computer systems
is the transition to interoperable intelligent computer
systems capable of effective interaction with each
other and with users, which
— provides automation of solving complex problems
that require the creation of temporary or perma-
nent collectives

— turns intelligent computer  systems  into
independent active subjects capable of initiating
various complex problems and, in fact, initiating
for this purpose workable collectives consisting
of people and interoperable intelligent computer
systems of the required qualifications

e Collectives consisting of independent interoperable
intelligent computer systems and people have good
prospects of becoming synergetic systems.
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e The interoperability of intelligent computer systems

is ensured

— a high level of mutual understanding and, accord-
ingly, semantic compatibility

— a high level of contractual capacity, in other words.
the ability to pre-coordinate their actions with the
actions of other subjects

— a high level of ability to quickly coordinate their
actions with the actions of other subjects in the
course of their realization

e Among the principles underlying the construction of
interoperable intelligent computer systems are:

— semantic representation of knowledge in the mem-
ory of intelligent computer systems in the form
of refined semantic networks

— using the universal language of the internal se-
mantic representation of knowledge

— graphodynamic organization of knowledge pro-
cessing

— agent-based problem solving models

— structuring and stratification of knowledge bases
in the form of a hierarchical system of formal
ontologies

— semantically friendly user interface

e To develop a large number of interoperable semanti-
cally compatible intelligent computer systems that
ensure the transition to a fundamentally new level
of automation of human activity, it is necessary to
create technologies that ensure the mass production
of such intelligent computer systems, participation in
which is available to a wide contingent of developers

(including developers of intermediate qualifications

and novice developers). The main provisions of this

technology are

— standardization of interoperable intelligent com-
puter systems

— widespread use of component design based on
a powerful library of semantically compatible
reusable (typical) components of interoperable
intelligent computer systems

e Effective operation of interoperable intelligent com-
puter systems requires the creation of not only the
technology of designing such systems, but also a
family of technologies to support all other stages of
their life cycle. This is especially true of the technol-
ogy of permanent support ofsemantic compatibility
of all interacting interoperable intelligent computer
systems during their operation.

ACKNOWLEDGMENT

The authors would like to thank the scientific team
of the Departments of Intelligent Information Technolo-
gies of the Belarusian State University of Informatics
and Radioelectronics for their assistance and valuable
comments.



(1]

(2]

(3]

(4]

[5]
(6]

(7]

(8]

(91

[10]

(1]

[12]

[13]

REFERENCES

K. Yaghoobirafi and A. Farahani, “An approach for semantic
interoperability in autonomic distributed intelligent systems,”
Journal of Software: Evolution and Process, vol. 34, no. 10, p.
e2436, 2022.

Ouksel, A. M. and Sheth, A., “Semantic interoperability in global
information systems,” SIGMOD Rec., vol. 28, no. 1, p. 5-12, mar
1999.

Lanzenberger, Monika and Sampson, Jennifer and Kargl, Horst
and Wimmer, Manuel and Conroy, Colm and O’Sullivan, Declan
and Lewis, David and Brennan, Rob and Ramos-Gargantilla,
José Angel and Gomez-Pérez, Asuncion and Fiirst, Frédéric and
Trichet, Francky and Euzenat, Jérome and Polleres, Axel and
Scharffe, Francois and Kotis, Konstantinos, “Making ontologies
talk: Knowledge interoperability in the semantic web,” IEEE
Intelligent Systems, vol. 23, no. 6, pp. 72-85, 2008.

Francila Weidt Neiva and José Maria N. David and Regina Braga
and Fernanda Campos, “Towards pragmatic interoperability to
support collaboration: A systematic review and mapping of the
literature,” Information and Software Technology, vol. 72, pp.
137-150, 2016.

J. Pohl, “Interoperability and the need for intelligent software: A
historical perspective,” 09 2004.

Jeff Waters and Brenda J. Powers and Marion G. Ceruti, “Global
interoperability using semantics, standards, science and technology
(gis3t),” Computer Standards & Interfaces, vol. 31, no. 6, pp.
1158-1166, 2009.

Lopes de Lopes de Souza, Pedro and Lopes de Lopes de Souza,
Wanderley and Ciferri, Ricardo Rodrigues, “Semantic interoper-
ability in the internet of things: A systematic literature review,”
in ITNG 2022 19th International Conference on Information
Technology-New Generations, Latifi, Shahram, Ed. Cham:
Springer International Publishing, 2022, pp. 333-340.

Hamilton and Gunther and Drummond and Widergren, “Interop-
erability - a key element for the grid and der of the future,” in
2005/2006 IEEE/PES Transmission and Distribution Conference
and Exhibition, 2006, pp. 927-931.

A. E. Yankovskaya, A. A. Shelupanov, A. N. Kornetov, N. N.
Ilinskaya, and V. B. Obukhovskaya, “Gibridnaya intellektual’naya
sistema ekspress-diagnostiki organizatsionnogo stressa, depres-
sii, deviantnogo povedeniya i trevogi narushitelei na osnove
konvergentsii neskol’kikh nauk i nauchnykh napravlenii [hybrid
intelligent system of express diagnostics of organizational stress,
depression, deviant behavior and anxiety of violators based on
convergence of several sciences and scientific directions],” in
Trudy kongressa po intellektual’nym sistemam i informatsionnym
tekhnologiyam «IS&IT’17». Nauchnoe izdanie v 3-kh tomakh.
[Works of congress on intelligent 17 scientific publication in 3
volumes], ser. T. 1. Stupin A. S. publishing House, Taganrog,
2017, pp. 323-329.

A. Palagin, “Problemy transdisciplinarnosti i rol’ informatiki
[problems of transdisciplinarity and the role of informatics],”
Kibernetika i sistemnyj analiz [Cybernetics and Systems Analysis],
no. 5, p. 3-13, 2013.

A. Iliadis, “The tower of babel problem: Making data make sense
with basic formal ontology,” 02 2019.

1. Barinov, , N. Borgest, S. Borovik, O. Granichin, S. Grachev,
Y. Gromyko, R. Doronin, S. Zinchenko, A. Ivanov, V. Kizeev,
R. Kutlakhmetov, V. Laryukhin, S. Levashkin, A. Mochalkin,
M. Panteleev, S. Popov, E. Sevastyanov, P. Skobelev,
A. Chernyavsky, V. Shishkin, and S. Shlyaev, “Development
strategy formation of the committee on artificial intelligence in
the scientific and educational center "engineering of the future",”
Ontology of Designing, vol. 11, no. 3, pp. 260-293, Sep. 2021.
[Online]. Available: https://doi.org/10.18287/2223-9537-2021-11-
3-260-293

V. Golenkov, N. Guliakina, and D. Shunkevich, Open technology
of ontological design, production and operation of semantically
compatible hybrid intelligent computer systems, V. Golenkov, Ed.
Minsk: Bestprint [Bestprint], 2021.

HNHTeNeKTya bHbIE KOMNIbIOTEPHbIE
CHCTEMbI HOBOT'O IIOKOJIEHHS H TEXHOJIOI' M
KOMILIEKCHOM MOJIEP’KKH UX KH3HEHHOT O

IUAKJIQ

T'onenkos B. B., ['ynakuna H. A.

B paboTe paccMOTpeHBI MPHUHIMIBI MOCTPOSHUS WHTEIIIEK-
TYaJIbHBIX KOMITBIOTEPHBIX CHCTEM HOBOTO TOKOJICHHUsI, a TaKkKe
TIPUHITAITB TOCTPOEHU ST KOMIUIEKCHO! TEXHOJIOTUH MX pa3padoT-
KU ¥ MOAJEPKKY KU3HEHHoro 1ukjaa — TexHonoruun OSTIS. B
KauyecTBe KJIIOYEBBIX CBOICTB MHTEJUICKTYaJIbHBIX CHCTEM HOBOTO
MMOKOJIEHUS BBIAENISIIOTCS MX CEMaHTHYECKass COBMECTHMOCTh
U MHTeponepadesbHOCTh. B paboTe paccMaTpuBaeTcsi MOAXON
K OOECNEeYEHNI0 YKA3aHHBIX CBOWCTB, peajn3yeMblil B paMKax
Texnonorum OSTIS.
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