ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university
texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev

I'EOJIOI'USA '’KOHE TEXHUKAJIBIK I'bIJIBIMJIAP
CEPUSACHI

¢

CEPUA

I'EOJOI'MN U TEXHUYECKHUX HAYK

¢

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

3 (429)

MAMBIP - MAYCBIM 2018 3.
MAM — MIOHbB 2018 r.
MAY - JUNE 2018

KYPHAIJI 1940 XbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

KBUIBIHA 6 PET IIbIFAZIBI

BBIXOIUT 6 PA3 B T'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBI, KP ¥FA AJIMATBI, HAH PK ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ANALYTICAL REVIEW OF SOFTWARE
FOR MULTI-AGENT SYSTEMS AND THEIR APPLICATIONS

Abstract. In this article there was conducted an analytical review of the most common modern software and
implemented on their basis practical applications. There is considered the history of development of multi-agent
systems (MAS). The relevance of the use of multi-agent technologies for the creation of information systems for the
complex objects modeling based on various methods and algorithms is noted. There were considered the most
widespread agent-oriented platforms of multi-agent systems, the comparative analysis of their characteristics and
presented the development tools was carried out. The examples of modern multi-agent applications implemented
with the help of these software products in industry, science and education were presented. The features of appli-
cations functioning in the production of goods and services, as well as of complex processes modeling were pointed
out. Particular attention is paid to the Java Agent Development Framework (JADE), presented the structure, main
functions and methodology of the multi-agent systems development. The advantages of multi-agent systems (flexi-
bility of operation, operational interaction between agents, optimal distribution of computing resources, self-orga-
nization and multifunctionality) at creating innovative intellectual technologies based on different approaches
applying and on system analysis were shown. There were analyzed the features of agent technologies and prospects
of their use for the development of complex multi-user programs.

Keywords: multi-agent systems, analytical review, software.

Introduction. The development of powerful personal computers with high computing productivity
and with large memory capacity, as well as the need to process large amounts of information led to the
development of new intelligent technologies based on various modern approaches. Multi-agent systems
(MAS), in which interacting agents are used for solving complex problems, have become widespread.
Many MASs are the basis of large-scale open, decentralized systems, which consist of autonomous
components with such features as reactivity, proactivity, and the ability for flexible interactions to achieve
their goals [1]. Under the term reactivity of agents, there is meant the ability of agents placed in the
environment to perceive this environment and to react to changes occurring in it. Proactivity is the
properties of agents in order to solve problems in the environment on their own initiative. In MAS agents
interact with each other, and also make independent decisions based on the implementation of certain
algorithms to achieve the set goals.

Multi-agent systems have a 40-year history [2, 3]. At the end of 1990, there was a significant interest
to self-organizing MAS. A lot of scientific works are devoted to the study of MAS, among which there are
works by Ferber J., Schumacher M [4], Roberto A. Flores-Mendez [5], Chavez A. [6], Brooks T., Finin N.
Jennings, Wooldridge M., B.I. Gorodetsky, V.B. Tarasova, V.F. Khoroshevsky and others. The most
famous works are by Jacques Ferber [7], who was one of the first in France in the 90s to publish works on
the MAS. In 2000-2005 there was created a working group "Self-organizing MAS" based on the European
project program FP3-5 "AgentLink", which gave a powerful impulse for the researches and development
in this field.

The relevance of MAS developing is determined by the need to solve complex problems that are
characterized by high complexity of calculations, parameters uncertainty and functioning in real time. The
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main advantages of MAS are the optimal distribution of computing resources, flexibility (the system can
be supplemented and modified), self-organization, self-recovery and fault tolerance, multifunctionality, etc.

The article gives an overview of the main agent-oriented platforms, their advantages and sphere of
their application. There are considered the examples of modern software products application implemen-
ting a multi-agent approach to real applications in various fields of science and technology. Particular
attention is paid to the multi-agent platform JADE, as to the most widespread and open system for the
development of MAS. At the end, there is given a conclusion on the results of the analytical review.

Multi-agent platforms review. There is a large number of software implementing the MAS. The
most famous platforms are: JADE (Java Agent Development Framework [5]), JACK Intelligent Agents
[17], MadKIT (Multi-Agent Development Kit [18]), Agent Builder [23], Cougaar (Cognitive Agent
Architecture [27]), Zeus (Agent Building Tool-kit) [34], MASON (Multi-Agent Simulator Of Neighbor-
hoods [36]), etc.

Most of the presented platforms are based on the Java programming language, which allows to
develop multi-agent applications on a cross-platform basis, that is, to run the final software product in
various operating systems. Each platform has its own characteristics. Most multi-agent platforms have an
open license and are distributed free of charge. Paid platforms (for example, Agent Builder) are closed and
do not allow to change the initial code. Each software is characterized by its own tools and development
models, and also has various applications.

Table 1 presents the most known multi-agent platforms and their characteristics.

Table 1 — Multi-agent platforms

# Platform License Development tools
JADE open Agent Management System,
1 (Java Agent (GNU Lesser General Director Facilitor,
Development Framework) Public License) Agent Communication Channel
MadKIT open
2 (Multi-Agent (CEA CNRS Or, anizl:tig(frlll-tégritotigiiRl\(;Ilzl?; de‘;l; System
Development Kit) INRIA LogicielLibre) & g y
Belief-Desire-Intention Model,
3 JACK open JACK Development Environment (JDE),
Intelligent Agents (Proprietary software) JACK Object Modeller (JACOB),
JACK Plan Language (JPL), Agent Run-time
. closed Project Control Tools, Ontology Manager,
4 Agent Builder (not free of charge) Agency Manager, Agent Manager, Agent Debugger
5 Cougaar open (Cougaar Blackboard, Http servlet engine,
(Cognitive Agent Architecture) Open Source License) Knowledge representation system
6 Zeus open Three layers of agents,
(Agent Building Tool-kit) (free initial code) Role Modeling
MASON open
7 (Multi-Agent Simulator (free inilzial code) 2d and 3d Libraries
of Neighborhoods)

1. JADE (Java Agent Development Framework) [5] — a widely used software platform that is an
effective tool for the development of applications based on MAS. The platform has three main modules in
accordance with FIPA standards (Foundation for Intelligent Physical Agents). Agent Management System
AMS controls the registration and authentication of agents, manages the life cycle of all agents within it,
and also provides services of white pages (the register of existing agents). The DF (Director Facilitor)
module provides yellow page services (the register of agent services registered in the AMS). The third
module ACC (Agent Communication Channel) controls the communication between agents. The struc-
tural diagram of JADE is shown in figure 1.
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Figure 1 — Java Agent Development Framework multi-agent platform

Working with the multi-agent platform JADE there are used the standard agents Dummy Agent and
Sniffer Agent, which are system controllers responsible for the operation of the main container. In order to
transfer information between agents there is used a ready agent Dummy Agent, the parameters of which
are specified in the additional user interface. Another ready-made tool Sniffer Agent allows to view the
transmitted data between agents and to write them to the Log Manager.

Agents communicate through the ACL (Agent Communication Language) FIPA language and can
communicate, regardless whether they are in the same container (for example, A2 and A3) or on different
platforms (for example, Al and AS5). The communication is based on the paradigm of asynchronous
messaging. The message format is built in ACL (Agent Communication Language) language, which con-
sists of such fields as: sender, recipient, communication and content. The communication field indicates
the intention to transfer information to another recipient and sends a message through the sender. The
content field contains the type of processed information. In JADE the message elements can be of the
primitive type (logical expression, digit, line) or of the aggregate type (user-defined structure consisting of
primitive or of set of elements). Aggregate elements are usually represented as Java, XML, and bytecode
classes.

Multi-agent applications based on JADE are widely used in industry, education and science. In the
technology of industrial agents [9, 10] there are used the advantages of distributed computing, artificial
intelligence (AI) methods and semantics in production and services spheres. In real applications, there is
provided a new method of design and control based on decentralized control over distributed structures.
Advantages of industrial systems based on agents are: reliability, scalability, flexibility and productivity.
For example, the work [11] presents a system of information processes modeling using JADE. There is
used a library that integrates in JADE and allows the proper distribution of resources. As a result of
comparative tests, it was proved that in practice this modeling based on agents shows the best results.

Also, JADE is widely used in the creation of information systems in the field of education. The
article [12] presents a multi-agent smart-system of distance learning (DL) for people with impaired vision
(PIV). The multi-agent approach is used to optimize the functioning of the information system of DL
based on intellectual, cognitive and statistical methods. In order to optimize the work of DL for PIV, the
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agents were distributed by containers in the JADE software environment. In work [13] there was de-
veloped a multi-agent system which is used to search and to submit training materials stored on various
servers. This model is developed using JADE and the standard of metadata LOM (Learning Object
Metadata), which has a hierarchical structure and provides quick access to information. The multi-agent
technology improves the effectiveness of the search for educational materials. The article [14] presents a
multi-agent system, which is designed to facilitate the acquisition of knowledge by older people. The
advantage of the proposed approach is the possibility of using mobile devices that increase the availability
of learning for dependent people. In work [15] there is considered a multi-agent model for the computer
support system for collective learning. The model is aimed at identifying conflicts that have arisen in
groups for improving co-education, as well as for personal training of group members. By analyzing the
processes of interaction between groups, the conflicts are recognized. In order to determine the most
appropriate learning strategy, the joint characteristics of students are taken into account. A similar MAS is
presented in the article [16]. There is used a problem-based learning model (PBL, Problem-Based
Learning) to detect passive students in a virtual DL environment. The system is designed to identify
undesirable situations and to improve the learning process.

2. MADK:it (Multi Agent Development Kit) [17] - is a modular and scalable multi-agent platform with
open initial code written in Java and built using the AGR (Agent / Group / Role) model. The platform
allows to create the distributed applications and to conduct modeling using a multi-agent paradigm. One of
the key aspects of MADK:it is that in comparison with conventional approaches that are mostly agent-
oriented MaDKit uses the OCMAS (Organization-centered Multi- AgentSystem) approach. The main
features of MaDKit are:

- the creation of intelligent agents and lifecycle control;

- the creation of an infrastructure that is used to provide communication between agents and for the
structuring of multi-agent models;

- the development of distributed applications based on a set of agents.

Based on MADK:it there are created the majority of multi-agent applications in the field of modeling
for the industry. In work [18] there is proposed the multi-agent system IDS (Intrusion Detection System),
which uses the advantages of mobile agents to improve the output of network channels. Mobile agents
provide network security. In work [19] there is proposed the MAS for control and optimization the heating
and ventilation processes inside the smart building. This MAS is designed to maintain a high level of
comfort for residents, for minimization energy consumption and for reduction of its cost. Experimental
results and their analysis confirm the effectiveness of the created MAS.

3. JACK Intelligent Agents — software complex [20] is a cross-platform environment for the creation
and integration of commercial industrial systems. The complex is built on an efficient logical basis BDI
(Beliefs/Desires/Intentions). In JACK there are created the agents taking into account beliefs, desires and
intentions for the realization of their own goals. System packers with a high degree of encapsulation are
responsible for the work of agents. Each agent is determined depending on its goals, knowledge and
communication capabilities, and then autonomously performs its individual function in the environment.
This approach in JACK is an effective way to create applications for dynamic and complex environments.
Each agent is responsible for the implementation of its own goals, responds to events in the environment
and communicates with other agents.

The key advantage of [21] JACK is an efficient cross-platform platform:

- low requirements for computing resources, designed for processing hundreds of agents working on
low-level hardware;

- "transparent" communication between agents;

- the availability of a graphical tool for developing agents.

For example, the article [22] presents the dynamic planning MAS for production of MFL
(Manufacturing Flow Lines) using the JACK-based Prometheus (PM) design tools. The PM methodology
is used to develop a decision-making system with the possibility of dynamic restructuring. Each agent in
the MAS is autonomous and has the ability to interact with other agents. The proposed decision-making
system supports both static and dynamic planning.

4. Agent Builder [23] — is an integrated set of tools for creating intelligent software agents. Agent
Builder consists of two main components: the toolkit and the compilation environment. The Agent Builder
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toolkit includes: tools for controlling the development of multi-agent software, for analyzing agent
transactions, for designing and developing interrelated agents, for determining the behavior of individual
agents, and tools for agents debugging and testing. The agents created with the help of Agent Builder
communicate using the knowledge management language and KQML (Knowledge Query and
Manipulation Language) requests and support many functions for information exchange.

Agent Builder Toolkit is designed for quick and easy creation of intelligent agents and multi-agent
software on a commercial basis. It has flexible tools for organizing the projects that allow the MAS deve-
loper effectively to manage the process of creating the entire software. This toolkit contains:

- Ontology Manager, which assists the developer in analyzing the agent's problem area and in
determining the structure relevant to the agent's work in this area.

- MAS Manager (Agency Manager) provides a temporary user window for viewing the operation of
the entire agent system. Therefore, the developer can monitor and manage inter-agent communications,
and also run a debugger to check the status of individual agents.

- Agent Manager has a tool for configuring the behavior of an individual agent. This tool includes a
graphical editor for setting the initial characteristics of an agent: beliefs, commitments, intentions, oppor-
tunities and behavior. In addition, the agent manager provides the ability to plan and to train the agent.

- Agent Debugger provides the means to communicate with the executing agent, and also enables the
software developer to detect system errors. Therefore, Agent Builder reduces time and development costs
and simplifies the creation of high-performance, fault tolerant multi-agent applications.

There are many commercial high-performance systems [24]. The article [25] presents an intelligent
factory control system that includes an industrial network, a cloud storage and dispatcher control terminals
for facilities (machines, conveyors and products). These objects are classified by different types of agents,
which are coordinated and controlled in the cloud space. On the basis of self-organizing MAS the work of
the factory's infrastructure is coordinated through the feedback.

In the research [26] there are considered the MAS for solving the problems of production automation.
There were developed the agents for the physical equipment control, which is implemented on the basis of
special standards of industrial control.

5. Cougaar (Cognitive Agent Architecture) [27] — is a Java architecture for the creation of large-scale
applications based on distributed agents. The Cougaar architecture is an open initial code that describes
the class structure and basic service procedures for the creation of multi-agent applications. The Cougaar
platform allows the creation of large-scale distributed systems consisting of a large number of agents.
Organization of the agents work at the creation of applications is carried out using peer-to-peer groups that
can effectively perform localized functions. As a result, communities are created, consisting of a set of
agents.

The structure of Cougaar agents includes several integrated extended services:

- "blackboard" is intended for communication of agents among themselves;

- HTTP services (Hyper Text Transfer Protocol) for user interfaces;

- knowledge representation systems;

- coordination between the agents through the mechanisms of assignments.

With the use of Cougaar there are created applications in the field of logistics [28-30], modeling and
technical objects support. The article [31] there was developed a cyber-physical system based on MAS in
order to solve the problem of optimizing urban traffic. An effective mechanism is introduced in order to
control the traffic taking into account the infrastructure, which allows to analyze the traffic capacity and to
recognize its participants. The ontology, which acts as a knowledge base. is included in the traffic control
system. The research [32] considers an adaptive MAS based on the behavior of an ant colony and a
hierarchical fuzzy model. This system allows effectively to regulate the traffic in accordance with the
changes in road networks in real time. The article [33] proposes an integrated approach for modeling the
transport infrastructure and for optimization the traffic around the city. In order to create an extensive
multi-layer transport network, there are modeled various intelligent transport agents taking into account
the roads, tram and bus routes, bicycle paths, pedestrian paths. Direct interaction is provided between the
mobile devices of the users and the MAS in order to send travel requests.

6. Zeus (Agent Building Tool-kit) [34] is a graphical environment for creating systems based on
distributed agents. It includes tools for development, planning and visualization. Platform agents have
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three levels. In the first level, the agent is viewed as an autonomous object that can act according to his
beliefs, resources and preferences. In the second level, the agent is defined as the organization in which
the relationship between agents, protocols and other interaction mechanisms is examined. The third level
serves for coordination, where each agent is viewed as an object with its own communication and control skills.
In Zeus there is used the "RoleModeling" approach based on the distribution of agents by functional roles.

The main features of the Zeus Agent Toolkit are the modeling of complex processes. Applications
based on the Zeus Agent Toolkit can be used to solve problems in the oil and gas industry. The work [35]
presents the MAS, the agents in which successfully solve complex and distributed problems related to the
production, storage, transportation and processing of petroleum products.

7. MASON (Multi-Agent Simulator of Neighborhoods) [36] - is a high-performance Java platform for
multi-agent modeling of various processes, which has opportunities for graphical representation in two-
dimensional and three-dimensional forms.

This platform has the following advantages:

— speed of data processing;

— small requirements for computing resources;

— possibility of integration with other applications;

— 2D and 3D visualization.

The MASON platform is used to develop practical applications for solving various tasks, for example:

— urban traffic modeling;

— surveillance of unmanned aerial vehicles, etc.

Using MASON [37] there was developed a multi-agent model of urban traffic in order to study the
cars movement and to analyze its flows. Modeling predicts the occurrence of cars at intersections, taking
into account the distance and speed of movement. It also takes into account the work of traffic lights,
which are involved in the traffic distribution. With the help of this system, there are solved the problems
of the transport optimal distribution along the roads.

In work [38] there is considered the effectiveness of the application of various algorithms for agents
of observers. Observers and objects are modeled in a virtual environment (2D or 3D) in real time. There is
formed a joint target surveillance environment in which customizable algorithms are implemented.

The article [39] presents researches aimed at developing an application on the basis of MAS for the
mobile health application SMPHR (Self-Management mobile Personal Health Record). The system is
designed for continuous care of patients with chronic diseases. The SmPHR application was developed for
the mobile operating system Android 4.0.3 and implemented in accordance with standard health protocols.
As a result, SmPHR can provide patients with mobile medical care and connect them to various devices
via standard protocols.

Conclusion. Therefore, as a result of the conducted analytical review, there were considered the
widespread agent-oriented MAS platforms and was carried out a comparative analysis of their charac-
teristics. There were presented examples of practical multi-agent applications implemented with the help
of the software in various fields of industry, science and education. Particular attention is paid to the Java
Agent Development Framework (JADE), were shown the structure, main functions and methodology of
the MAS development.

Advantages of MAS:

— flexibility of functioning;

— operational interaction between agents;

— optimal distribution of computing resources;

— the ability to learn and solve specific and global problems;

— autonomy, limited representation, decentralization of agents;

— self-organization;

— multifunctionality;

— reliability and resistance to failures.

The article deals with the features of agent technologies and the prospects of their use in the
development of complex multi-functional applications. There were noted the actual directions of MAS,
the possibility of creating and implementing mechanisms that allow agents dynamically to change the
nature of interaction, and also to adjust goals, depending on changing conditions.
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I'. A. Camuryauna, A. T. Hiocynos, A. C. lllasixmeToBa
AKNapaTThIK )KOHE €CEeNTeyYill TEXHOJOIHsIap HHCTUTYTHI, AnMaThl, Kasakcran

MYJIbTUATEHTTIK )KXYWEJEP MEH OJIAPJIbIH, KOCBIMIIIAJIAPBIH
NPOI'PAMMAUJIBIK KAMTAMACBI3 ETYIHE AHAJIMTUKAJIBIK IIOJIY

AHHOTanusi. Makanaza KeH TapajiFaH 3aMaHayid OargapiiaMalblk KaMTaMachl3 €Ty MEH OHBIH HETi3iH/e JKy3ere
acaTelH TOXKIpUOENIK KOChIMIIANapra Tajjay >Kyprizingi. MynpruarentTik okyhenepnin (MAX) nmamy Tapuxsl
KapacThIPBULIBI. OPTYPIIi 9JicTep MEH aJIrOpUTMIIEP HeTi3iHae Kypaeni oObeKTinep i Moaeney yaepici yiiH aKmna-
PaTTHIK )KyHenepi KypyAarbl MyJIbTHAr€HTTIK TEXHOJIOTUSUIAPABI KYPY/IbIH ©3EKTUIITT KenTipiiredH. MyabTHareHTTiK
JKYHenepAiH areHTTi-OarbITTanFa IuiaTdopManapsl KapacThIPBUIFaH, CHIIATTaMalapblHa CaJIBICTBHIPMAJIbl Tajnay
JKacallblll, oJIapAbl Kypy Kypajjapbl KelTipiireH. OHaipicTe, FUIBIM MEH OUliM Oepysae KoigaHblcKa ue Oarmap-
JaMalblK OHIMJAEPIIH HETi3iHIe Xy3ere ackaH 3amMaHayll MyJbTHAreHTTIK KOCBIMINAJIAPIBIH MbICAJIAphl KEJNTi-
pinren. Tayap eHipy camackl MEH KbI3METi, COHJal-aK Kypaeli ylepicrepii Mozaesieyae naiaajaHaTblH KOChIM-
manap KbI3METiHIH epekuieniri aikeiHaangsl. Java Agent Development Framework (JADE) nmatdopmackina epek-
e MoH Oepulin, OHBIH KYPBUIBIMBI, HETi3ri (YHKIMSIaphl MEH MYJIBTHUTAreHTTIK XKyHenepai KypyablH omicremeci
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kenripinren. JKy#emik Tanmay MeH Typii TOCiImepre HETi3feNreH WHHOBAIMSUIBIK HHTEIEKTYaIIbl TEXHOIOTHS-
Jap/bl KYpyJAa KOJIAAHBUIATHIH MYJIBTHATCHTTIK JKYHENEpAiH apThIKUIBUIBIKTAphl ((QYHKIHOHAJIAHY HWIUITILITIT,
areHTTEp/iH apachlHAa MIYFBUT e3apa OaiiaHblc OpHATY, €CENTEeyilll KOpJapiasl OHTAWIbl Tapary, e3apa YibIM-
JAacTBIPy MEH Kol (pyHKIIMOHAIIBIK) YCHIHBLUIFAH. ATEHTTIK TEXHOJOTHSUIAPIBIH CPEKIICTIKTepi MEH KYpIel Kem
MaiIaIaHy IbUIBIK OaFmapiaManapasl Kypyaa KOJIIaHbuTy OOJaliars! TalaaH b,

TyiiiH ce3qep: MyJIbTHATCHTTI KYiienep, aHATUTHKAJIBIK IOy, OaFaapiaMaiblK KaMTaMachl3 eTy.

I'. A. Camuryauna, A. T. Hiocynos, A. C. IllasixmeToBa
PI'TI UucTuTyT MHPOPMAITMOHHBIX 1 BeraucauTeIpHBIX TexHOTornit KH MOH PK, Anmarter, Kazaxcran

AHAJIMTUYECKHANA OB30P 110 TIPOTPAMMHOMY OBECIIEYEHUIO
MYJbTUATEHTHBIX CUCTEM U UX IPUJIOXEHUN

AnHoTtanus. B 1anHOi cTaThe MPOBEICH aHAIUTHYECKUI 0030p HamboJee pacIpoCTPaHEHHOTO COBPEMEHHOTO
MPOTPaMMHOTO 00ECHEeUeHNsI U PEaln30BaHHBIX HA MX OCHOBE IMPAKTHYECKUX NPHIOKEHUH. PaccmoTpena ucropus
pasButust MynbTHareHTHBIX cucteM (MAC). OTMeueHa akTyalbHOCTh NMPUMEHEHHsI MYJIbTHAT€HTHBIX TEXHOJIOTHH
IIPU CO3/1aHUH MH(OPMALMOHHBIX CUCTEM JUIS MPOLECCOB MOIEIMPOBAHUS CIOXKHBIX 00BEKTOB HA OCHOBE Pa3iny-
HBIX METOJIOB M alNropuTMOB. PaccMoTpeHs! Hanbosee pacipocTpaHEHHBIE ar€HTHO-OPUEHTHPOBAHHBIE TUIAT()OPMBI
MYJIBTHAreHTHBIX CHCTEM, OCYIIECTBJIEH CPAaBHHUTENBHBIN aHAIN3 X XapaKTEPUCTHK W NPHBEACHBI MHCTPYMEHTHI
paspabotku. IIpencraBieHsl IpUMEPbl COBPEMEHHBIX MYJIBTHATCHTHBIX NPHJIOKECHUH PEaTH30BAHHBIX C MOMOIIBIO
3THX MPOTPaMMHBIX NPOAYKTOB B IPOMBIIIIEHHOCTH, HAyKe M 00pa3oBaHHH. BbIneneHbl 0cOOEHHOCTH (yHKIHO-
HUPOBaHMS NPHIOKEHUH B chepe IMPOU3BOJCTBA TOBAPOB U YCIYT, a TAK)KE€ MOJSIMUPOBAHUS CIIOKHBIX IPOIECCOB.
Ocobennoe BHUMaHue yneneHo miatgopme Java Agent Development Framework (JADE), mpuBeneHs! CTpyKTypa,
OCHOBHBIE (DYHKIMM M METOJOJIOTHS Pa3padOTKH MyJIBTHAareHTHBIX cHucTeM. [loka3aHbl NOCTOMHCTBA MYJIBTH-
areHTHBIX CHUCTeM (TMOKOCTh (JyHKIIMOHMPOBAHMSA, ONEPATUBHOE B3aMMOJCHCTBHE MEXIy areéHTaMH, ONTUMAaIbHOE
pacIpeeneHe BhIYUCIUTENBHBIX PECYPCOB, CAMOOPTaHU30BAHHOCT U MHOTO(YHKIIMOHAIBHOCTD) MPH CO3/1aHUN
WHHOBALMOHHBIX MHTEIUIEKTYAIBHBIX TEXHOJIOTHH, OCHOBAaHHBIX HAa NMPUMEHEHNH PA3INYHBIX MOJIXOJOB U CHCTEM-
HOM aHanmu3e. [IpoaHann3MpoBaHBl OCOOEHHOCTH areHTHBIX TEXHOJOTMH M MEPCIEKTHBBI MX HCIIOJIB30BAHUS UL
pa3pabOTKH CI0XKHBIX MHOTOIIOJIB30BATEIBCKUX MPOTPAMM.

KiroueBble c10Ba: MyJIbTHAT€HTHBIE CUCTEMBI, aHAJTATHYECKUH 0030p, MpOrpaMMHOe o0ecTieueHHe.
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