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OWL-mopenb mynbTnareHTHOU
Smart-cuctembl AUCTAaHLUMOHHOIO O0y4YeHus
nogen ¢ orpaHNYeHHbIMU BO3MOXHOCTAMM

3peHus

1learo uccaedosanus s61semes paspabomka OHMOAOUHECKOU MO-
denu MyabmuazeHmHoU Smart-cucmemvl OUCIAHYUOHHOO 00y4eHUs
045 At00ell ¢ 0ePAHUUEHHBIMU B03MONCHOCAMU 3DeHUs HA OCHOGe
naamagpopmor Java Agent Development Framework, ¢ yeavto noay-
YeHUsl KA4eCMEeHH020 UHIICEHEPHO20 00PA308aHUs 8 1A00PaAMOPUsX
KOAMEKMUBHO20 NOAb308AHUS HA COBDEMEHHOM 000pYy008aHUU.
Mamepuaavt u memoodst uccaedosanus. Ilpu pazpabomxe myasvmu-
aceHmHOU smart-cucmemsvl OUCAHUUOHHO2O 00YYeHUs AKMYAAbHO
UCNOB306AHUE PAZMUMHBIX A2CHMO8 HA OCHO8e NPUMEHeHUs! KOSHU-
MUBHO20, OHMOA0UYECK00, CHIAMUCIMUYECK020 U UHMEANeKINYaNb-
Hoeo memodos. Haubonee ydo6Ho pearuzogvieams 0aHHYIO 3a0avy
6 guUde NPOSPAMMHO20 00echedeHUs: ¢ NOMOUbI0 MYAbMUALEHMHO20
nodxoda u naamgpopmel Java Agent Development Framework.
OcHOo8HbIMU RpeuMyuecmeamu naamgopmol 1640MC maKue
thaxkmopul kak: cmabuibHocms pabomel, NOHAMHGIU UHMepdelic,
npocmoma co30aHUs aeeHmog u oOwupHas 6asa noavosamenel.
B myavmuacenmuuix cucmemax peuterue noay4aemcs asmomMamu4ec-
KU 6 pe3ynbmame 63auMOo0elicmeusi MHOJCeCa camoCcmosmenbHbix
uenenanpasaentvix acenmos. Kaoicowiii acenm modcem 6binoaHamo
onpedenenHble 3a0a4u u npecaedyem 3adannvle yeau. Paccmompensi
UHMEANeKMYanbHble MYAbMUAEHMHble CUCeMbl U CO30aHHble HA UX
0CHOBe npaKmuueckue npUAOIHCeHUs 8 OUCMAHUUOHHOM 00yHeHUU.
Pesyavmamut. Paspabomana cmpykmyphas cxema (YHKUUOHU-
POBaHus smart-cucmemsl OUCMAHUUOHHO20 00y4eHus 0as atodel ¢
0ePAHUMEHHBIMU BO3MOJICHOCHIAMU 3PeHUs C UCHOAb308AHUEM Da3-
AUUHBIX A2eHMOB, Peanu308aAHHAS HA OCHO8E CUCMEMHO20 no0xXoda u
Mynsmuaeenmuou naameopmul Java Agent Development Framework.
[Ipednoxncen Komnaexcholil N0OOX00 OUCMAHYUOHHO20 00YHeHUs. MUY, C
0ePAHUMEHHBIMU 803MOJICHOCHAMU 3PeHUs 045 NOAYYeHUs Kauecm-
BEHHO020 UHIICCHEPHO20 00PA308aHUS 68 1A00PAMOPUSX KOANCKMUBHOO
N0Ab308AHUSL HA COBPEMEHHOM 000PY008aHUU.

Cozdana onmonoeuueckas modead MYAbMUALEHMHOU SMart-cuc-
membl ¢ NOOPOOHBIM ONUCAHUEM (DYHKUUU CAeOYIOUUX A2eHMO8:

NePCOHANbHO20, MeHeddcepd, OHMOA0LUYECK020, KOSHUMUBHOZO,
CMamucmu4eckK020, UHMeNNeKmyanbHoeo, azeHma Aa6opamopuu
KOANeKMUBHO20 NOAb308AHUS, AeeHMA 300P06bs, AeHMA NOMOU4-
HuKa u eocyoapcmeennoeo acenma. lannvle aeenmovl GbINOAHSIOM
c8ou uHOUBUAYanbHble (YHKUUU U 00ecneuusarm Ka4ecmeeHHYH
cpedy o0yueHus.

3axarouenue. Taxum obpasom, npedirazaemas smart-cucmema ouc-
MAHUUOHHO20 00YUeHUs AH00eli ¢ 02PaAHUHEHHBIMU 803MOJICHOCMAMU
3DeHUs N0360Asem CYUECMBEHHO NOBbICUMb IPdekmusHocms u
Kavecmeo noayuaemoeo o0pasoeanus 0aHHoU Kameeopuetli atodel.
OcobenHocmvl0 npUMeHeHUs Pa3padomAanHol OHMOA0UHECK O
Modeau smart-cucmemsl OUCMAHYUOHHO020 00y4eHus 0as arodell ¢
02PAHUYEHHBIMU B03MOJICHOCIAMU 3DeHUs. HA OCHO8e MHOOQDYHK-
UUOHANBHBIX A2CHMO8 S6A5eMCs: KOMIACKCHbIL N00X00 HA OCHOGe
UCNONB308AHUS PAMUYHBIX UHMEANeKMYAAbHbIX, KOCHUMUBHBIX U
CIMAMUCMU4eckKux Memooos; 603MOICHOCHb pa3pabomKu UHOUSU-
dyanvHoll mpaekmopuu o0yueHus ai00el ¢ 0ePAHUHEHHBIMU B03MONC-
HOCIAMU 3DeHUsi ¢ YHemoM NCUXOPU3UOA0SUHECKUX 0COOeHHOCmel
socnpusmus UHGOPMayuy; OUCMAHYUOHHbIL 0OCMYN K HOGeuulemy
mexHoA02UHeCKoMY 000pY008aHUI0 0451 8bINOAHEHUS 1A00PAMOPHbIX,
npakmuueckux pabom aooei ¢ 02PaAHUYEHHBIMU 803MONUCHOCMAMU
3peHUss 8 Aa60PAMOPUAX KOANEKMUBHO20 NOAb308AHUS 8 pedicume
peanvroeo epemenu. OHmoaocuueckas Modeab no3eoasem eayoosce
NPOAHANUZUPOBAMb MHO2OHUCACHHblE C853U Medcdy aceHmamu U
VUUMBIBAMb UX NPU PA3PAOOMKE NPOSPAMMHO20 00echeueHUs Smart-
cucmemsl OUCMAHYUOHHO20 00yueHus Adell ¢ 0epAHUYeHHbIMU
603MOdNCHOCMAMU 3penust. MyarbmuazenmHubiil nodxod obecneuusaem
MHOCOPYHKYUOHAALHOCHb CUCIEMbL, YCIOUMUBOCIb K CUCTEMHBIM
owubKam, a makKice ONMUMUZAUUIO BLIMUCAUMENLHBIX PECYDCO8.

Karouesnie caoea: ducmanyuonnoe obyuenue, 100U ¢ 02paHu4eH-
HbIMU 803MONCHOCMAMU 3PEHUSL, MYAbMUAZCHMHAs SMart-cucmema,
OWL modens.
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OWL model of multi-agent Smart-system
of distance learning for people with vision

disabilities

The aim of the study is to develop an ontological model of multi-
agent smart-system of distance learning for visually impaired
people based on Java Agent Development Framework for obtaining
high-quality engineering education in laboratories of join use on
modern equipment.

Materials and methods of research. In developing multi-agent
smart-system of distance learning, using various agents based on
cognitive, ontological, statistical and intellectual methods is impor-
tant. It is more convenient to implement this task in the form of
software using multi-agent approach and Java Agent Development

Framework. The main advantages of the platform are stability of
operation, clear interface, simplicity of creating agents and extensive
user database. In multi-agent systems, the solution is obtained au-
tomatically as result of interaction of many independent, purposeful
agents. Each agent can perform certain tasks and pursue specified
goals. Intellectual multi-agent systems and practical applications
in distance learning based on them are considered.

Results. The structural diagram of functioning of smart system
distance learning for visually impaired people using various agents
based on the system approach and the multi-agent platform Java
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Agent Development Framework is developed. The complex approach
of distance learning of visually impaired people for obtaining high-
quality engineering education in laboratories of joint use on modern
equipment is offered.

The ontological model of multi-agent smart-system with a detailed
description of the functions of following agents is created: personal,
manager, ontological, cognitive, statistical, intellectual, shared
laboratory agent, health agent, assistant to the agent and state
agent. These agents execute their individual functions and provide
a quality environment for learning.

Conclusion. Thus, the proposed smart-system of distance learning
for visually impaired people can significantly improve effectiveness
and quality of the received education of this category of people.
The benefits of using of the developed ontological model of smart-
system of distance learning for visually impaired people based on

multifunctional agents are: complex approach, based on the use of
various intellectual, cognitive and statistical methods; possibility of
developing an individual trajectory of learning for visually impaired
people including the psychophysiological features of perception
information; distance access to the latest technological equipment
for performing laboratory and practical works by visually impaired
people in the shared laboratories in real time. The ontological model
provides to analyze more deeply the numerous connections between
agents and considers it in developing software for smart-system of
distance learning for visually impaired people. Multi-agent approach
provides multi functionality of system, stability to system errors, and
optimization of computing resources.

Keywords: distance learning, people with vision disabilities, multi-
agent smart-system, OWL model.

1. Introduction

Nowadays, distance learning
(DL) is widely used to obtain
affordable, quality and effective
education. Modern DL is char-
acterized by flexibility and versa-
tility, which allows it to compete
with traditional learning systems
[1]. In connection with the rapid
development of computer tech-
nology and artificial intelligence,
modern innovative DL technolo-
gies are being actively developed
to improve the quality and the
effectiveness of learning. The
smart-systems of distance learning
and smart-technologies, which
have opportunities to provide a
high Ievel of knowledge are of a
great interest [2, 3]. Such smart-
systems of DL provide an effec-
tive learning environment based
on artificial neural networks [4],
evolutionary algorithms, artificial
immune systems, and are used
to predict learning outcomes, to
analyze multidimensional data, to
extract informative features, and
for statistical data processing and
etc.

In modern DL it is important
to receive a high-quality educa-
tion on engineering specialties
using the latest high-tech equip-
ment in shared laboratories. The
study of new technologies has
great importance for the imple-
mentation of a full-fledged com-
munication between students
with various disabilities and soci-
ety [5, 6]. This category of peo-
ple faces to learning difficulties in
traditional DL systems and needs
in the creation of specialized sys-

tems [7]. Especially important is
the development of such learn-
ing systems for people with visual
disabilities, as many people in
the world have vision problems.
Organization of the process of e-
learning involves spending a lot
of time at the computer, which
negatively affects the visual appa-
ratus. The creation of such spe-
cialized systems, aimed at adapt-
ing people with impaired vision
(PIV) in society, is one of the
important problems of modern
distance education.

The use of system and agent-
based approaches is relevant at
the development of DL informa-
tion systems.

The use of MAS in the devel-
opment of modern applications
in the field of DL is convenient
for implementing various intel-
lectual approaches. ducation on
engineering specialties using the
latest high-tech equipment in
shared laboratories. The study of
new technologies has great im-
portance for the implementation
of a full-fledged communica-
tion between students with vari-
ous disabilities and society [5, 6].
This category of people faces to
learning difficulties in traditional
DL systems and needs in the cre-
ation of specialized systems [7].
Especially important is the devel-
opment of such learning systems
for people with visual disabilities,
as many people in the world have
vision problems. Organization of
the process of e-learning involves
spending a lot of time at the com-
puter, which negatively affects the
visual apparatus. The creation of

such specialized systems, aimed
at adapting people with impaired
vision (PIV) in society, is one of
the important problems of mod-
ern distance education.

The use of system and agent-
based approaches is relevant at
the development of DL informa-
tion systems. The use of MAS
in the development of modern
applications in the field of DL
is convenient for implementing
various intellectual approaches.

Various agent platforms (AP)
are used to create the multi-agent
environment of the DL. The most
known platforms are: JADE (Java
Agent Development Framework),
Jack Intelligent Agents, MadKIT
(Multi-Agent Development Kit),
AgentBuilder, Cougaar (Cogni-
tive Agent Architecture), MA-
SON (Multi-Agent Simulator
of Neighborhoods), CogniTAO,
Adaptive Modeler and etc. One
of the most widely used program-
ming environments for develop-
ing MAS is JADE, written on
Java language [20]. The basis of
this system is the software envi-
ronment, without which the ex-
istence of agents is impossible.
Inside the environment there are
formed containers in which agents
function. After the startup, each
agent must transfer data about
himself to one of the containers
in order to register in the system.
Next, the software environment
will monitor the operation of the
entire system and, if necessary,
make the required control ac-
tions on individual agents. Agents
exchange information among A
number of publications are de-

50

Omxkpoimoe oopazosanue ¢ T. 21. Ne 6. 2017



New Technologies

voted to the development of in-
telligent DL systems. Multi-agent
personalized learning systems are
widely used, which are aimed at
creation of individual trajectories
of learning, taking into account
the individual characteristics of
the student. In work [8] there
was proposed an intellectual sys-
tem of learning on the basis of
APLe (Agents for Personalized
Learning), which allows to con-
duct learning taking into account
the preferences of the student.
Multi-agent systems are widely
used in smart-learning systems,
at the development of which a set
of agents with the necessary func-
tions is created [9]. In order to
ensure the creation of an individ-
ual trajectory of learning taking
into account the intellectual and
psychophysical characteristics of
students in DL there are applied
the MAS on the basis of cognitive
and ontological approaches [10,
11]. Ontological models (OM)
are usually created using standard
LOM metadata (Learning Object
Metadata), which have a hierar-
chical structure [12]. Such mod-
els allow to systematize the teach-
ing material and contribute to the
formation of its optimal structure.

Agent environment

Personal
agent

NN

_?_

Intelligent
|_ agent

Smart-system of DL for PIV
on the basis of
multi-agent approach

The article [13] describes agents
created on the basis of the on-
tological approach, which serve
as assistants in the choice of the
study material. The multi-agent
system helps the student to select
the material necessary for him to
learn on the basis of the data col-
lection and processing using on-
tological models.

The following structure of
the article is proposed: the sec-
ond chapter shows the state-
ment of the problem of the
research. The third chapter is
devoted to the development of
agents of the Smart-system of
DL PIV. In the fourth chapter,
an ontological model of the in-
formation system is construct-
ed. The fifth chapter presents
the results of the OWL model
in the Protege ontology editor.
At the end of the article there
is given a conclusion and a list
of used literature.

2. Statement of the problem

The statement of the problem
is formulated as follows: it is nec-
essary to develop the OWL model
of a multi-agent Smart-System
of Distance Learning for people

Ontological
agent

o I
Qe o
s 2
2=

A

Cognitive
agent

2
® o
3-.:

with visual disabilities, in order to
optimize the learning process and
to obtain high-quality engineer-
ing education in a shared labora-
tory using modern equipment.

Let’s introduce the following
definition: as shared laboratories
there are considered any labora-
tory that has a complete infra-
structure (modern equipment,
hardware and software) for dis-
tance learning and to obtain a
quality engineering education for
people with visual disabilities.

To achieve this aim it is nec-
essary to solve the following tasks:

— to create and to define
agents’ functions for multi-agent
Smart-system of DL PIV creation
in JADE;

— to create an OWL model
of information system for imple-
menting the system and agent-
based approaches.

3. Development of the agents of
the Smart-system of DL PIV

At the development of multi-
agent DL smart-systems the use
of various agents is relevant on
the basis of the use of cognitive,
ontological, statistical and intel-
lectual approaches.

Statistical
agent

Fig. 1. Structural diagram of multi-agent smart-system of DL for PIV in JADE
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During the designing of DL
multi-agent system, the following
agents are created: personal, cog-
nitive, ontological, statistical, in-
tellectual, support and decision-
making, manager, health, shared
laboratories and state agent. The
structural diagram of the multi-
agent smart-system of DL PIV,
which consists of the created
agents, is shown in Figure 1.

Each agent in the DL smart-
system performs a specific func-
tion:

— the personal agent (PA)
registers personal data, collects
individual characteristics (at-
tributes) of PIV and chooses the
trajectory of PIV learning with
regard to visual defects, and also
selects the necessary educational
material;

— the manager agent (MA)
monitors the flow of messages
from other agents in order to cor-
relate them correctly;

— the ontological agent (OA)
constructs the OWL model of
PIV, and also structures the input
and output data of the system;

— the cognitive agent (CA) is
designed to identify the level of
perception of information by PIV
ay myopia, hypermetropia, with
deep and moderate visual impair-
ment, as well as the implemen-
tation of cognitive learning tech-
niques;

— the statistical agent (AS)
takes into account the dynamics
of DL users, records the logs of
events, system errors, and pro-
vides with the identification of
informative features of PIV based
on factor analysis;

— the intelligent agent (IA)
determines the level of learning
based on fuzzy logic and predicts
the results of PIV learning with
the help of neuro-fuzzy logic;

— the shared laboratory agent
(SL_A) connects PIV to SL A
and gives an access to modern
equipment;

— the health agent (HA) pro-
vides a complex of therapeutic
gymnastics for the eyes and of-
fers an individual mode of work
on the computer, taking into ac-
count the features of vision;

Table 1

Description of the agents of MAS DL for PIV

Agent

De-
nomi-
nation

Description

Personal agent

OM;,

1. Registration or authorization of the user in the
smart-system of DL for PIV.

2. Download the profile with the current user's
learning trajectory.

3. Creation of the trajectory of user's learning tra-
jectory.

4. Forming the learning interface.

5. Loading the processed information into a data-
base and knowledge base.

6. Activating the container 2.

7. Operation in a software environment.

Manager agent

OMyix

1. Establishing communication with agents.

2. Performing an asynchronous transfer of mes-
sages from other agents.

3. Implementation of the information submission
regime.

. Coordination of the work of agents.

. Activating the container 1.

. Operation in the software environment.

Ontological
agent

OMg,

. Forming of OM of PIV.

. Forming of OM of learning.

. Forming of OM of SL.

. Activating the container No2.

. Selection of the learning class.

. Activating the container Ne5.

. Selection of the course.

. Interactive elements of the course.

. Activating the container Ne3.

10. Operation in the software environment.

OO UNDBWN— N B

Cognitive agent

OMc4

1. Distinguishing of psycho-physiological signs of
PIV based on the questionnaire:

— test of Eysenck;

— Amthauer test;

— special tables for determining visual acuity and
defects.

2. Formation of the information perception en-
vironment.

3. Submission of learning information from the
monitor screen:

— myopia mode;

— hypermetropia;

— with deep and moderate visual impairment;

— normal vision mode.

4. Choice of color schemes:

— selection of a background of pale yellow, pale
green for myopia mode;

— selection of the background of bright yellow,
bright orange color for hypermetropia regime;

— selection of a background of white text and
black background for mode with deep and mod-
erate visual impairment;

— normal vision mode.

5. Location of the learning information:

— in the upper left part of the screen at myopia;
— in the right lower part of the screen at hyper-
metropia.

6. Sound.

7. Preferred time of day for better information
assimilation.

8. Activating the container No2.

9. Loading the processed information into the
database.

10. Operation in the software environment.
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— the help agent (AH) by the
prompts and messages helps stu-
dents to choose teaching materi-
als;

— the state agent (SA) con-
nects the smart-system of DL for
PIV with government agencies,
provides legal information to us-
ers and access to the regulatory
database.

Agents operate in a software
environment that is constantly
changing under the influence of
the activity of PIV in the system.
To program the configuration of
the created agents there is used
an environment that includes the
classes and libraries of JADE plat-
form. There were created 5 con-
tainers in which the relevant agents
are placed: container 1 (MA), con-
tainer 2 (PA, CA, IA), container 3
(AS, OA), container 4 (HA, AH),
container 5 (SL_A, SA).

4. Creation of owl model of
multi-agent smart-system of dl
for PIV

In order to solve the problem
there was developed an ontologi-
cal model of multi-agent smart-
system of DL for PIV in the form
of the following map:

OMMAS DL PIV =
< OMPA, OMMA, OMOA,
OMCA, OMAS, OMIA,
OMSL A, OMHA, OMAH,

OMSA>,

where

OMPA — ontological model
of PA;

OMMA — ontological model
of MA;

OMOA - ontological model
of OA;

OMCA - ontological model
of CA;

OMAS — ontological model
of AS;

OMIA — ontological model of
1A;

OMSL_A — ontological mod-
el of SL_A,;

OMHA - ontological model
of HA;

OMAH - ontological model
of AH;

OMSA — ontological model
of SA.

Agent

De-
nomi-
nation

Description

Statistical agent

OM,s

1. Processing of multidimensional data.

2. Distiguishing of informative features of PIV
and factor analysis of data.

3. Collection of statistical data of the surveyed
learning materials for a certain period of time.

4. Information about system errors.

5. Loading of the received information into the
data and knowledge base.

6. Activating the container 3.

Operation in the software environment.

Intellectual
agent

OM;,

1. Determination of the knowledge level of PIV.
2. Data forecasting based on neural-fuzzy logic.
3. Issuance of the certificate of completion of the
course or its redirection to re-training.

4. Loading of the received information into the
data and knowledge base.

Activating the container 2.

Shared labora-
tories agent

OMg; 4

1. Providing access to the SL.

2. Modern equipment:

— Computing cluster;

— laboratory with industrial equipment.

3. Creation of a virtual machine.

4. Installing of software (SW) and receiving tasks.
5. Calculations.

6. Programming of Logic Controllers.

7. Checking and debugging of the created soft-
ware for PIV with the teacher and without him.
8. Obtaining simulation results.

9. Access and work with real equipment.

10. Activating the container No 5.

11. Loading of the received information into the
database.

12. Operation in the software environment.

Health agent

OMy,

1. Determining of the learning mode in time for
various diseases.

2. Selection of a set of exercises for myopia.

3. Selection of a set of exercises for hyperme-
tropia.

4. Selection of a set of exercises for deep and
moderate visual impairment.

5. Activating the container No 4.

Operation in the software environment.

Help agent

OM,y

1. Determination of the current learning page.

2. Forming hints on the learning page and issu-
ance of hints on request.

3. Activating the container 4.

Operation in the software environment.

State agent

OMg,

1. Organization of access to the knowledge base
of universities:

— el. libraries;

— catalogs;

— intellectual elements of the course.

2. Organization of access to the legal database:
laws; acts; regulations.

3. Organization of access to websites of state in-
stitutions:

— site of the Ministry of Education and Science
of the Republic of Kazakhstan;

— CCSES MES website;

— e-mail of the Government of the Republic of
Kazakhstan.

4. Activating the container No 5.

5. Operation in the software environment.
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Fig.2. A fragment of a graphical representation of the OWL model of the multi-agent smart-system of DL for PIV

Table 1 describes the created
agents.

On the basis of research in
the ontology editor Protégé was
constructed the combined OWL
model of Smart-system of DL vi-
sually impaired people.

5. Representation of the owl
model in the ontology editor
PROTEGE

There are many special tools
for ontology visualization. One
of the convenient editors for
representing the OWL model is
Protégé.

Next in Fig. 2 there is a frag-
ment of the graphical representa-
tion of the ontological model of
the multi-agent smart-system of
DL for PIV using the OntoGraf
tool in Protégé. This information
system is presented in the form of
a graph, the nodes of which rep-
resent concepts (objects or con-
cepts), and directed relations arcs
(links) which allow us to examine
in detail the subject area of dis-
tance learning of PIV.

The OWL model allows for a
systematic approach to construc-
tion Smart - systems based on
methods of artificial intelligence
and cognitive approach and helps
to create effective individual

process of learning visually im-
paired people.

6. Conclusion

The conducted researches and
numerous publications on this
question demonstrate the rel-
evance of development of Smart-
systems of DL based on intel-
lectual approaches for visually
impaired people, including with
visual impairments.

The proposed structural dia-
gram of the multi-agent Smart-
system of DL for PIV and created
on its basis the OWL model allow
structuring the input and output
data, facilitates the writing of
Software, selecting of Hardware,
and contributes to the qualitative
engineering education of PIV.

Therefore, the dignity of using
the developed by OWL model of
a specialized Smart-system of DL
for PIV based on multifunctional
agents is:
an integrated approach
based on the use of various in-
tellectual, cognitive and statistical
methods;

— development of an individ-
ual trajectory of learning of PIV
taking into account psychophysi-
ological features of information
perception;

— submission and positioning
of information on the monitor
screen, depending on the features
of the vision.

Determination of the preferred
form of information (text, graph-
ic) on the screen at various visual
defects (myopia, hypermetropia)
and with residual vision;

— the choice of color schemes,
best for people with various eye
diseases;

— distance learning of PIV of
the newest equipment in the SL;

— multifunctionality, stabil-
ity to system errors and high
self-organization of compo-
nents (agents)of MAS, created
with the help of modern multi-
agent platform JADE, and
also optimization of computing
resources.
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