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INTRODUCTION

dAn approach in the intelligent factory
direction could consist in interconnecting
two major research fields:

dComputer integrated manufacturing (CIM)
dMulti-agent systems (MAS)

dA multi-agent system implementation
involves two different intelligent behavior
sources:

dThe agent internal reasoning mechanism
Interaction between the designed agents
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INTRODUCTION

Is Using industrial robots in CIM
environments leads to flexible
manufacturing systems

dFlexibility creates the context for
task splitting and sharing:
dMachine flexibility — easier adaptationI
to new product types
dRouting flexibility — the possibility of
using different machines for the same
operation
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INTRODUCTION

dManufacturing a wide range of
products leads to the following
operations:
dPart processing
dManipulation
JAssembly
dPalletization

dEach product requires an initially
specified sequence involving one
or more of the above operations
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INTRODUCTION
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Figure 1. A flexible manufacturing system
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Figure 2. ABB IRB 2400 Robot
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Figure 3. ABB IRB 1400 Robot
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MULTI-AGENT SYSTEMS IN INDUSTRY.

'OFMS are linked with MAS
considering:

dEach robot being coupled with a
software agent

dProduct operation sequences are
dynamically determined by the
agents — distributed planning
mechanism

dRobot interaction in the
manufacturing process relies on
agent coordination and negotiation
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MULTI-AGENT SYSTEMS IN INDUSTRY

d Multi-agent systems:
dDynamic systems
dShared environment
dPlanning mechanism

dCentralised
dDistributed
dCoordination protocols
dCooperative
dCompetitive
dCommunication layer
dPeer-to-peer
Broadcast
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T SYSTEMS IN IN
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Figure 4. Contract NET protocol steps

a) Broadcast a task; b) Receive offers; ¢) Award contract
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Figure 5. A multi-agent system
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HOLONIC SYSTEMS

dModel — biological systems
dOrganizational structures
dWhole — Part paradigm
dRecursivity

dFactory
Collection of specialized sub-systems
JAutonomous character
dCooperativity
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HOLONIC SYSTEMS

UNew concept: Holon # Agent
dAgent - part of a holon

(dHolon - composite entity:
dSoftware Agent

dCommunication Middleware
Interface

dStructural component
dPhysical device
dHolarchy, by concatenation
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HOLONIC SYSTEMS

(ARecursive structure
(ADouble holon role:
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Figure 6.The generic holon
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THE STARTING POINT: PROSA

(dHolon types
dTemporary
dOrder
dProduct
JPermanent
1Resource
dSpecific functionality
dPhysical devices
Specialized software
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THE STARTING POINT: PROSA

jCoordination protocol
dPlanning
dPlan propagation

dfrom Order agent to
Resource agents

dMonitoring
dEvent propagation

dFrom Resource agents to
Order agent
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EXTENDING PROSA

1 Coordination protocol
dContract Net
dManager
JContractors
JOpen auction mechanism
dRecursive context
JTemporary bids support
Global goal
JAuto-organization @
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HOLONS AND SERVICES

1Services

Loose coupling
LQRobust communication mechanism

dDynamic service composition

A service call made by an upper level
agent might require several service
calls on a lower level

dAuto-organization
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Figure 9. Service composition in the holonic system
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RESOURCE HOLON IMPLEMENTATION

JFunctional components
dExecution device
dDriver application
dCommunication middleware

dSoftware Agent
Execution | __ R Driver : ,|Communication|, | Software
Device Application Middleware Agent
E I /\/\:/\/ i |
L Physical Service Command _
2 Layer Layer A Layer i

Figure 10. Typical resource holon architecture
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RESOURCE HOLON IMPLEMENTATION

Driver application
dConnected to a physical device
dExporting its functionality
dHigh specificity
dCommunication middleware
JCORBA compatible

QUnifying communication
channels for distributed and
heterogeneous systems
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COMMUNICATION MIDDLEWARE

JCORBA - Common Object Request
Broker Architecture

dCommunication layer

dLanguage specific interfaces

dStandardized by the Object management

group (omg.org)
(dMechanism for remote procedure call

dServant applications

dObject references

dRemote method invocations

dClient applications
dSupport layer for SOA
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COMMUNICATION MIDDLEWARE

'QCORBA Services
(OName service — a CORBA dns

dTrader service — open auction
system
dEvent service

dEvent channels

Event producers/consumers

dObject Request Broker (ORB)

dPlatform independent - Mico

Platform dependent
dJava RMI
QIIOP.NET
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PRELIMINARY CONCLUSIONS

1The holonic system advantages
dIncreased adaptability
dGoal driven auto-organization
dMinimum fault impact

dHolon implementation advantages

dModular architecture
dPlug & Play functionality
dQuick integration of legacy devices
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PRELIMINARY CONCLUSIONS

dMiddleware benefits
_Distributed event handling
Knowledge separation
JCommunication transparency

L1SOA benefits

1Decoupled agent system
JIncreased robustness
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FUTURE WORK

dCommunication middleware
support for higher level holons

dDynamic service composition
with CORBA

dImplementing the auto-
organization mechanism

dValidating the resulting
holonic system architecture
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FUTURE WORK

dInvestigating the usage of Petri-
Nets in validating holonic/agent
based systems

1Global action spaces

dNarrowing action chains
corresponding to goal solving plans

dDefining workflows

dAnalyzing performances and
obtaining a benchmark mechanism
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