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Abstract

Global competition and rapidly changing customegureements are forcing
major changes in the production styles, plannimgyises, configuration of
manufacturing organizations and many other areas.

Agents and multi-agent systems are becoming a nayta analyze, design
and implement complex (software) systems, spedyicavhen the design
problem is distributed in nature, the development colution may benefit
from an agent-based approach.

Recently, agent technology has been considerea am@ortant approach for
developing industrial distributed systems. Disttdali Intelligent Multi-Agent
Systems offer modular, flexible, scalable and gaiseable algorithms and
systems solutions for information retrieval, extiag, fusion, and data-driven
knowledge discovery using heterogeneous, distritbutata and knowledge
sources in information rich, open environments. lSsystems consist of
multiple interacting intelligent software agents.
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1. INTRODUCTION AND CONCEPT DEFINITION

1.1 Agentis a computer system capable of autonomous (capabhcting
independently, exhibiting control over their internstate) action in some
environment in order to meet its design objectives.

1.2 Intelligent Agentsis a computer system capable of flexible auton@nou
action in some environment.

% ability to adapt : problem-solving-rules or algorithms

% ability to learn : trial-and-error example and generalization

1.3 Software Agentis a functional software module that is able tocexe
some predefined class of external tasks and ham@uty during these tasks
realization. It reacts on the predefined stategisoénvironment according to
acquitted information, its own build-in preferencasd knowledge.

1.4 Agent-Oriented Programmingis an approach to building agents, which
proposes programming them in terms of mentalistonst such as beliefs,
desire and intentions. [M.Wooldridge, 1995]

1.5 Agent-Based Programmingis an approach to the building software
systems using various agent frames as basic funatticomponents of the
designed system architecture (so called MAS arctite).

1.6 Autonomous agentis a system situated within and a part of an



environment that senses that environment and mdtsaver time, in pursuit of
its own agenda and so as to effect what it sems#sei future. [Franklin and
Graesser, 1995]

1.7 Intelligent Agents in Al, In the artificial intelligence sense of the term,

there are multiple types of agents and sub-agdpitysical Agents and

Temporal Agents It is possible to group agents into five classesedaon

their degree of perceived intelligence and capabili

1.7.1 Simple reflex agents;acts only on the basis of the current percept. The
agent function is based on the condition-actior:rlilcondition then
action rules this agent function only succeeds wherenvironment is
fully observable.

1.7.2 Model-based reflex agentsgcan handle partially observable
environments. Its current state is stored insiéeaifient maintaining
some kind of structure which describes the pathefworld which
cannot be seen. This behavior requires informairohow the world
behaves and works. This additional information cletgs the “World
View” model.

1.7.3 Goal-based agentsare model-based agents which store information
regarding situations that are desirable. This altive agent a way to
choose among multiple possibilities, selectingdhe which reaches a
goal state.

1.7.4 Utility-based agents;distinguish between goal states and non-goal
states. It is possible to define a measure of hesirable a particular
state is. This measure can be obtained throughsthef a utility
function which maps a state to a measure of thigyuf the state.

1.7.5 Learning agents;In some literature IAs are also referred to as
autonomousntelligent agents, which mean they act indepengeand
will learn and adapt to changing circumstances.ofdiog to Nikola
Kasabov.

1.8 Main differences Agents and Objects
« Agents are autonomous; decide for themselves

« Agents are smart; flexible(reactive, pro-active, scal) behavior

< Agents are active; at least one thread of active ntrol



1.9 Main differences Agents and Expert Systems
« Agents situated in an environment

< Agents act
Some real-time (typically process control) expgstems are agents.

1.10 Inter-agent Communication;effective communication requires:
« Shared Knowledge of syntax

« Shared understanding of semanticand pragmatics means of
exchanging sentences (or even signs) to communiat

1.11 Modes of Interaction,
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«» Coordinated collaboration(compatible goals, insufficient resources,
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» Pure collective competitiorfincompatible goals, sufficient
resources, insufficient skills)
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Individual conflict over resources(incompatible goals, insufficient
resources, sufficient skills)
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% Collective conflict over resourcegincompatible goals, insufficient
resources, insufficient skills)

2. OVERVIEW MAS TECHNOLOGY

2.1 Multi agents systems;In artificial intelligence research, agent-based
systems technology has been hailed as a new pardoigconceptualizing,



designing, and implementing software systems.
A multi-agent system is a group of agents thatradieto solve problems that
are beyond the individual capabilities. Multi-agesystem design is more
complicated than a single agent design. It preserday new cooperation
issues. This presents us...

« Task allocation: how to assign responsibility to a single agent?

+ Resolving Conflicts:How to resolve conflicting knowledge, actions
and goals among agents.

% Communication: How to understand each other?

2.2 Potential of Multi agents systemsDpen information systems will contain
multiple autonomous agents or agents acting onlbehautonomous users or
entities solution of complex problems require teeviEes of multiple agents
with diverse capabilities and needs e.g., the medlzased approach to
information systems Multi-agent systems can supgisttibuted collaborative
problem solving by agent collections that dynantjcaiganize themselves
Multi-agent systems support a modular, extensilpgpr@ach to design of
complex information systems.

2.3 Challenge Multi agents systemd:iow can multi agent systems generate
useful behaviors?
« Inter-agent communication (of knowledge, intentionsbeliefs).

« Inter-agent collaboration (e.g., through negotiatio among self-
interested rational agents).

« Coordination and Control in multi-agent systems.

2.4 Why MAS Are Different? In general agent-oriented programming is the
next step of object-oriented programming (OOP), colhiintegrates
achievements of last decades in artificial inteltige, parallel computing and
telecommunications. Comparing with objects in OOP,

2.4.1 Conventional Software ;lt is the example of a large program which
calls subprograms (methods) sequentially one byEwes with
progress of object-oriented programming (OOP) thestill pre-
organized structure of source code lines which divect instructions to
computer what to do, when and how. But all theseslihave “no ideas”
what they are doing and for what reason. To chaémgestructure you
will always need programmers.

2.4.2 Multi-Agent Software; It is a self-organized network of agents



(software objects) constantly working in parallellding or revising
links. No one knows which agent will call whicht-depends. Every
agent is autonomous and struggles to achieve oah gatonomy
means that agent cannot be invoked as a subprdgnathod), it only
decides what to do and when basing on knowledg®wiain. It looks
like clearly a work of swarm of bees or a colonyaaots.

2.5 Trust and Reputation; Advanced Agent Technologies supporting
decision making in complex domaingmproving Robustness and Fault
Tolerance by Assessing the Trustworthiness of médion and Sources As
decision-makers, software agents construct behbfsut themselves, others,
and the environment. These beliefs form the basidécisions and actions.
The concept of multi-dimensional trust is develogedhelp achieve goals
when the domain problem can be expressed usingod senstraints.

2.5 Multi agents system Applications ;lt is possible to group into:
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many other areas

2.6 Application of distributed agent-based systems;Application of

distributed agent-based systems often categorizediatributed Atrtificial

Intelligence (DAI) or Multi-Agent Systems (MAS), @ride decision support
and operation control in complex domains where gieci makers must
accomplish goals despite environments characterizgdhigh volatility,

information overload, and inherent uncertainty.



3. AGENT BASE APPROACH IN SOCIAL SERVICES IN RUSSIA

This section presents multi-agent system for soggaices based on social
passport and smart cards of citizens. It desculeegloped approach based on
agents and ontology, architecture of the systemi@nsipecific features. It is
shown that application of multi-agent technology daing high value and
clear benefits for clients in full scale regionaj@ernment systems.

Problem: This is a serious problem for social services afheregion which
give support to their citizens.

Solution: To solve problem, they have developed a multi-agerstem.
Citizens can access the system via the Internétrnet-kiosks which last
version includes services of a cash-machine.

3.1 Ontology, Social Passports and Smart Cards ofitfizen; The citizen of
Samara Region has the right to obtain a socialtscaad free of charge. It is
called “smart”. The smart card becomes the keytess those data bases. Part
of the provided data is obligatory and needs tadog#irmed with originals of
certain documents (e.g., passport number, €byiously it is very unlikely
that all these data will be accumulated in one tat®. Instead at this stage the
system uses ontology to integrate information al@operson. Their ontology
of social sphere, defined in the form of seman&étmorks, acts as a metadata
and contains data about location of different infation on a certain person
and its format.

For implementation of modern e-Government concédpis,agents
uninterruptedly work for the good of a man, ensyitins or her social support,
taking care of his or her health and educationkvemd security, culture and
sports.

Agent of a person -acts for and on behalf of a person,

Agent of a social law the agent of a law scans citizens social passports

and finds out relevant law

% Agent of a social officer Hts task is to find citizens who require social
support

% Agent of a social organization -acts for and on behalf of an

organization officer

K/ 7
L %4 0‘0

3.2 Real Time Knowledge Baseln their work system users and software
agents may use ontology-oriented knowledge baseskiéw that Modern
methods of ontology representation as the mosttievepread well specified
and open for extension. System use ontological infderepresentation of
laws in social sphereThe OWL standarddefines the format of ontology



representation in the form of an XML file based RDFS scheme. As an
example let's use regional lawel22-GD “On governmental support of
citizens with children”. It defines several bengfior families with 3 or more
children, including “30% discount from statute-éditshed public utilities fee”.
The following is a description of the benefit:

<owl:Class rdf:ID="30_percent_discount_for_publitlities ">

<l—- Restriction defining the document which prossd benefits (defined
directly without a link) -->

<rdfs:subClassOf>

<owl:Restriction>

<owl:onProperty rdf:resource="http://www.kg.ru/laBase.owl#byLaws"/>
<owl:hasValue>

<laws:Regulatory _document rdf:ID="Statute 122-GD">

<rdfs:comment rdf.datatype="http://www.w3.0rg/20RBILSchema#string"
>STATUTE Nel122-GD “On governmental support of citizens withlaten
"</rdfs:comment>

</laws:Regulatory_document>

</owl:hasValue>

</owl:Restriction>

</rdfs:subClassOf>

<rdfs:subClassOf
rdf:resource="http://www.kg.ru/lawsBase.owl#Publitlities"/>

<l—- Restriction on categories of citizens who tise benefit (defined by a
link to the class, defined later) -->

<rdfs:subClassOf>

<owl:Restriction>

<owl:allValuesFrom>

<owl:Class rdf:ID="Families_with_3_or_more_childén
</owl:allValuesFrom>

<owl:onProperty
rdf:resource="http://www.kg.ru/lawsBase.owl#forGaiees"/>
</owl:Restriction>

</rdfs:subClassOf>

<rdfs:comment rdf.datatype="http://www.w3.0rg/20RBILSchema#string"
>30% discount from statute-established publictigsifee</rdfs:comment>
</owl:Class>

It illustrates the use of ontology language in digsion of social laws. It is
worthy of note that description possibilities mag Wwidened due to use of
mechanisms of inheritance, import and definitionegliivalency of different
components. With the developed description anddstah OWL ontology



analysis tools it is possible to make conclusionspossibility of granting

benefits to particular people. It was also essktdgianplement tools to access
personal data in external information systems ideorfor the system to
function.

3.3 Technical Architecture

The developed system historically was formed onbisis of quite a number
of existing data bases of Ministry of Social andntéuitarian Development of
the Samara region. The software was developed @e-thvel architecture
with the use of J2EE technologies which allow darepplatform-independent
applications, including:

% subsystem of personal interaction with citizenshwite use of internet
kiosks;

% subsystem of decision making support for socialesphministries,
namely Ministry of Social Protection, Public HealtRulture and
Education;

% Internet portal for integration of social spheresa@ces, which are
organizations, authorized by the above-mentionedstnies.

Originally the system was hosted on one centralesesf the Ministry, which
was accessed both from the local network by thisovssof the Ministry and its
social officers and from the internet by the pubAdl data bases were also
located on one server, which contained informatoom approximately 1.5
million People. The development of the system a geal was set: to create a
distributedP2P system architecture capabilities of transpareat ascess to all
nodes of the system from any geographic locatitve ystem is organized as
Service-Oriented Architecture which has nested sptat all of them, being
autonomous parts of the system in the whalee most important step to
construction of the distributed network was creaatd a single repository of
all ontology, which is replicated and updated oh sdrvers and ensures
common knowledge for each remote server. This iitegirates structure of a
fully distributed system, being developed now, whhiacludes Ministry of
Humanitarian and Social Development...

3.3 Key Stages of the System

« With the pilot system (2001) at the first stage $aenara Region
Administration became the winner of “Electronic Rias, a



national-wide projects contest.

«» The second stage (2003 — 2005) developed its oeriazed
software on a large scale.

« At present time the third stage of the system @eas being
completed, replication and implementation of thetem are being
carried out.

3.4 Next Steps and Development Plan

3.4.1 The system development in new domains of thecial sphere:
% System development in new social spheres: heaéhaavil registry
office, public utilities, education, culture, etc.;
% Integration of social passport with medical inswencertificate,
patronymic certificate, etc;
% Transfer of social payments and a possibility te tisese money in
supermarkets, for other expenses;
3.4.2 Develop a toolkit, architecture and functionbty of the system:
% Transfer to a fully distributed SOA system archibee with P2P
interaction of servers;
% Electronic protocol of interactions between minesty organizations and
citizens;
% extension of agents functionality which pro-activéb implement a
wider range of citizens’ demands and needs;
% creation of multi-user, distributed ontologies asulving problems of
their collaborative building and using;

4. AGENT BASE APPROACH IN MANUFACTURING CONTROL

Manufacturing scheduling and control is a difficptbblem, particularly when

it takes place in an open, dynamic environment.

In a manufacturing system, rarely do things goxgeeted. The set of things to
do is generally dynamic. A task can take more tthen anticipated or less
time than anticipated, and tasks can arrive earlgte.

Because of its highly combinatorial aspects, itsaggic nature and its practical
interest for manufacturing systems, the schedutirmblem has been widely
studied in the literature by various methods:

Heuristics, constraint propagation techniques, ttamg satisfaction problem
formalism, simulated annealing, Taboo search, geragorithms, neural

networks, etc.

Agent technology has recently been used in attetopssolve this problem.
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4.1 Agents and controllers

The comparing becomes important when developinggant-based method
for solving control problems. Several similaritiesd differences between
these two concepts can be noticed.

41.1

/7
0’0
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4.1.2

Similarities between agents and controllers are:

Objective: Both a controller and an agent have objectives that

determine their behavior. A controller resemblesative agent.
Situatedness: Both an agent and a controller interact with some
“surrounding” by sensing and acting.

Differencesbetween agents and controllers are:

% Pro-active: A controller is usually designed to operate cordunly during
the whole operating time of a control system. Aerdghowever, decides
whether it wants to gets operational and Produd®srec It might not
produce actions during the hole operating timenefdystem.

*,

L)

» Thread of control: Matters related to the thread of control are a majo

concern in MAS, whereas this is generally not asi#d during the design
of controllers. Agent based systems are typicallyucsured and
implemented in ways that make it impossible to gotee that hard real-
time bounds will be met.

4.2 Agents are not (yet) common in control engineeringhecause the field
of multi-agent systems is relatively new and Cdntineory has a strong
mathematical foundation, whereas the field of madfent system mainly
is focused on abstract descriptions of systeml tBgre are examples in
which MAS has been used in control engineering.

4.2.1 Applications are described by Mac-Leod & Stoth&tiey describe the

4.2.2

problem of controlling amine refrigeration system To model the

refrigeration system as a cooperating multi-aggstesn and results in a
planning mechanism that launches specialized adergsit operating

conditions and operator demand.” The applicatioMaitLeod and &

Stothert clearly is of the kind “constructing a toh system by using
agents”.

Lygeros, Godbole and Sastry describe an applicatibich could be

described as “constructing controllers as architest of agents”. They
consider problems that consist ofamge number of agentsand that

have to make efficient use of sxarce resource Examples of such
problems include highway systems, where vehicles lwa viewed as

11



4.2.3

agents competing for scarce highway space-time amd traffic
management systems where aircraft compete forpaicesand runway
space.

MacKenzie describes an agent-based method fogrdagi controllers
for (mobile) robots. This method is based on théaber-based
robotics paradigm: the controller of the robot dstss of a set of
concurrently operating agents. MacKenzie defineagent as a distinct
entity capable of exhibiting a behavioral resportee stimulus.
Furthermore, in order to build hierarchical corled, he defines an
“assemblage agent’ An assemblage agent is a society of coordinated
agents and can be part of some other assemblage age

4.3 Controller-agent

Multi-controllers consist of several locally opengtcontrollers. A controller-
agent is a largely autonomous, locally operatingiradler that consists of a
control algorithm (in the form of an update anda&alate function), an
operating regime characterization, initializatiordinalization functions and
an interface to coordinate its behavior in ordendadle dependencies among
controller-agents.

4.4 Some application using agent-based design methfmr multi controller
system Controller-agent

Design and implementation of an intelligent roomerthostat(Assen,
Van Breemen & De Vries)

Design and (partial) implementation of a safeguarddule for an
industrial manipulato(K upers)

Design and implementation of a controller for theulkle beam
experimental setufDe Kruif)

Design and implementation of a behavior-based obetr for the
autonomous mobile robot Ar(Balkema,Boer, Dertien et)

Controller design and implementation for a placeinmaodule of the
Fast Component Mountélansen, Lubek& Seters)

Design and simulation of the water vessel prob(®an Breemen &
DeVries)

Modeling of the manufacturing process of corrugataaiboard process
(Van Breemen, De Vries & Striper)

Design and simulation of a controller for the maut@iring process of
corrugated cardboaf8triper)

4.5 Manufacturing Planning, Scheduling and Control

12



Manufacturing control relates to strategies andorgtigms for operating a
manufacturing plant, taking into account both tliespnt and past observed
states of the manufacturing plant, as well as graahd from the market.

The manufacturing control problem can be considatddo levels:

s Low-level, the individual manufacturing resources are to betrotled
to deliver unit-processes expected by the hightleestrol functions.

% High-level manufacturing control is concerned with coordingtiie
available manufacturing resources to make the eksiumbers of types
of products.

In agent-based manufacturing systems, agent teatpnas usually applied to
high-level manufacturing control, but can also Ipplieed at the lower level
(Brennan et al 1997; Wang et al 1998).

Shaw may have beerthe first to propose using agents in manufacturing
scheduling and factory control. He proposed thataamufacturing cell could
subcontract work to other cells through a biddingchanism (Shaw and
Whinston1983; Shaw 1988).

YAMS (Yet Another Manufacturing System) (Parunak 198&p another of
the earliest agent-based manufacturing systemsrewheach factory and
factory component is represented asagent Each agent has a collection of
plans, representing its capabilities.

4.6 Some projects using agent technology for manufuring planning,
scheduling and execution control

s Using autonomous agents to represent physicalieentprocesses and
operationgParunak et al ITI, U of Cincinnati)

% Using simulated annealing to search problem sp&mumont &
Muller U. of Neuchatel)

% Design each joint of a robot is modeled as an afféwergaard et al
Odense U)

% Partial Dynamic Control Hierarchy (PDCH); Using ateto model
IEC-1499 Functional BlocKkBrennan et al 1997, Wang et al U of
Calgary)

% Emergent Behavior in Manufacturing Control; ProaetDisturbance
Handling; Hot Pluggable Ager{Bruckner et al Daimler-Benz AG,
KULeuven)

% Implemented as CORBA objects communicating throlgh object
environmeniBarber et al U of Texas at Austin)

4.7 Intelligent controllers in complex control systms
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For the demand of large scaled and complex corgtystems in industry
process, we define project to put forward a genkesahework of agent-based
distributed intelligent control systems (ADICS), ialin combines the natural
distribution of distributed control systems, andchstoucts a multi-agent system
(MAS) by taking agents as intelligent controllers. distributed intelligent

manufacturing systems, agents can be used to:

% Encapsulate existing software systems to resolveghkey problems
and integrate manufacturing enterprises

% Represent manufacturing resources

% Model special services in manufacturing systems,

% Incorporate a whole scheduler or planner and contrb

5. CONCLUSIONS

5.1 Prospects

Currently, there is an interest from both industngl universities into design
methods for embedded systems. The main focus @esmn of both software
and hardware aspects of a systems. Often, thesedel®th systems are
complex systems, as they consist of multiple fumal components on both
the software and hardware level.

The concept of an agent should be used more ie thesign methods.

5.2 Suggestions for future research

The most exist agent-based framework is aimed\atldping discrete-time
controllers that run on single processors. In otddrave a more general
framework, the following options for future resdaare suggested:

% Discrete-event system approachsontrol systems may contain sensors and
actuators that operate on an event-driven baswder to build such
control systems, a discrete time approach is rificent, or even feasible.
A discrete-event system approach may provide ther#tical basis for
developing a design framework in which both peaahd periodic
components can be specified.

% Heterogeneous hardwareTo avoid the difficulties of a multiple
(heterogeneous) processor system typically exasaéwork run on a single
processor .A multiple processor system requiresligtebution of the
software components over the processors.

D)
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In overall conclusion; The agent-based design helps the designer to solve
complex control problems, by offering conceptsttacure the problem and to
organize the solution.

It is essential to create a control system forab@nomical operation.

We discussed that Intelligent Multi-Agent Theoryncereate an intelligent
control system for Dynamic environment.

New intelligent control systems are very differdndbm previous control
approaches. It combines optimized computation \afittomatic control and
introduces a multi-agent, intelligent control syst® improve total efficiency.
In new intelligent distribution control system agdmase system, agents with
different objectives all work together with mutualoordination and
consultation to improve operations.

Combining multi-agent theory and optimization teate a more intelligent
control system will greatly improve efficiency, neasing the Reliability of
Control Systems with Agent Technology and redueediberating costs.
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