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ABSTRACT

This chapter describes the application of the RAP/AOR methodology proposed by Taveter and
Wagner (2005, 2006) to the modeling and simulation of a real ceramics factory. The chapter
addresses the modeling of the ceramics factory from the interaction, information, and
behavior aspects of the methodology. The chapter also discusses the simulation of the
manufacturing processes of the ceramics factory by executing the process models developed
using the RAP/AOR methodol ogy. The method is aimed at the creation of simulation environments
and automation systems of distributed manufacturing.

INTRODUCTION

According to Tamm, Puusepp, and Tavast
(1987), the so-called “ modeling by simulation”
is one of the most practical means of concep-
tual analysis of a problem domain, because it
enables learning of and experimenting on the
target system with complex internal dependen-
cies, and trying out the influences of decisions
of informational, technological, and organiza-
tional nature.

On the other hand, new business models
emerge. The importance of subcontracting is

emphasized by, for example, Zeng and Sycara
(1999): “In manufacturing, managers face
‘make or buy’ decisions, i.e., the choice of
making components/products in house or sub-
contracting them to outside sources ... These
decisionsarecritical intoday’ shighly competi-
tive and dynamic business environment.” On
the European scale, subcontracting is often the
only way how the countries newly admitted to
the European Union, as well as the other can-
didate countries from Central and Eastern Eu-
rope, are able to participate in the European
division of labor. Primarily for this reason the
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case study of the current chapter dealswith the
Tallinn Ceramics Factory Ltd. (http://
www.keraamikatehas.ee) located in Tallinn,
Estonia. Introducing new business models is
already acute at the Tallinn Ceramics Factory
because a remarkable portion of the orders
received by it are sub-contractual orders for
mug handles and stovetilesfor fireplacesfrom
Sweden and other countries.

In this chapter, the Radical Agent-Ori-
ented Process (RAP) methodology of agent-
oriented modelingisemployed. The RAPmeth-
odology was proposed by Taveter and Wagner
(2005, 2006), and it is based on the agent-
object-relationship (AOR) Modeling Language
(AORML, http://aor.rezearch.info). In
AORML, the agents in a problem domain are
distinguished from the (non-agentive) objects.
The agents’ actions, event perceptions, com-
mitments, and claimsareexplicitly includedin
the models.

It was demonstrated earlier by Wagner and
Tulba (2003) that agent-oriented modeling by
AORML lendsitself easily to simulation. Inthis
chapter, wefirst show how businessand manu-
facturing processes of the ceramics factory
can be modeled by making use of the RAP/
AOR methodology. Thereafter we address the
actual simulation of the manufacturing pro-
cesses by meansof the simulation environment
described by Taveter and Wagner (2006).

MODELING OF THE
CERAMICS FACTORY

I nthissection, themodeling methodol ogy pro-
posed by Taveter and Wagner (2005, 2006) is
appliedtothe casestudy of the Tallinn Ceram-
ics Factory. We decided to model the factory
in an agent-oriented manner for two reasons.
Firstly, since there are communicating and
interacting agents (actors') everywhere, it is
the most natural way and in a sense truly
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nature-inspired. Secondly, an agent-oriented
modeling approach lendsitself easily to simu-
lation. As has been shown by Taveter and
Wagner (2006), the models of the problem
domain worked out by following the RAP/
AOR methodol ogy can thus be quite straight-
forwardly turned into theimplementation con-
structs of the simulation environment. It is
important to emphasize here that agent-ori-
ented modeling and simulation of a problem
domain doesnot imply an automation solution
based on software agents.

Principles of Reactive Scheduling

The core of manufacturing processes of any
factory lies in the scheduling of production
operations. Inreal life, schedulingisreactiveas
much aspredictive. A general scheduling solu-
tion utilized in the modeling and simulation
effort described in this chapter is based on the
worksby Ow, Smith, and Howie (1988), Smith,
Ow, Muscettola, Potvin, and Matthys (1990),
and Smith (1995) becausethe method proposed
inthem can beeasily transformedinto an agent-
oriented one. Notethat applying the scheduling
method described in the works referenced ef-
fectively meansre-engineering, thatis, improv-
ing the existing manufacturing processes of the
factory.

Accordingto Smithetal. (1990), the factory
scheduling problem can be defined as one of
coordinating sequences of manufacturing op-
erations for multiple orders so as to:

. obey the temporal restrictions of produc-
tion processesand the capacity limitations
of a set of shared resources (i.e., ma-
chines); and

. achieve a satisfactory compromise with
respect to amyriad of conflicting prefer-
ential constraints (i.e., meeting due dates,
minimizing work-in-progress, etc.).
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