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Abstract 
The objective of the present research is to develop an object-oriented simulation 
system of the holonic manufacturing systems. An object-oriented modelling 
method is applied to description of the data and the activities of the holons 
constituting the manufacturing systems, such as workpieces, machine tools, AGVs 
and storages. An object-oriented simulation model is developed to represent a 
holonic machining system for machine parts. The simulation model is applied to 
simulation of the holonic real-time scheduling systems. 
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1 INTRODUCTION 

With advances of manufacturing technologies in both software and hardware, 
automation of manufacturing systems in batch production has been much devel
oped. The control structures of the manufacturing systems, such as FMSs (Flexible 
Manufacturing Systems) and FMCs (Flexible Manufacturing Cells) are generally 
hierarchical. The hierarchical control structure is suitable for economical and effi
cient batch productions in steady state, but not necessarily so for very small batch 
productions with dynamic changes in volumes and varieties of products. 

Functions and capabilities of FA (Factory Automation) controllers have made 
much progress, and individual controllers are now able to share information 
processing and decision-making capabilities in the manufacturing systems. New 
architectures of the manufacturing systems are therefore proposed aiming at 
realising more flexible control structures of the manufacturing systems, which can 
cope with the dynamic changes in the volume and the variety of the products and 
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also the unforeseen disruptions such as breakdown of equipment and interruption 
by high priority jobs. (Okino, 1992), (Ueda, 1992), (Moriwaki, 1992), (Warnecke, 
1993), (Iwata, 1994), (Wiendahl, 1994), (Sugimura, 1996), (Wyns, 1996), (Fujii. 
1997), (Hatono, 1997) 

The objective of the present research is to develop an object-oriented 
simulation system of the holonic manufacturing systems (HMS). The main topics 
discussed in the paper are as follows; 
(1) Object-oriented modelling ofHMS, 
(2) Object-oriented simulation system of HMS, and 
(3) Simulation of holonic real-time production scheduling of the manufacturing 

systems for the machine parts. 

2 OBJECT-ORIENTED MODEL OF HMS 
2.1 Basic Architecture of Holonic Manufacturing System 

In the holonic manufacturing systems, all the tasks for planning and control of the 
manufacturing processes are carried out concurrently by the distributed holons. All 
the holons in the HMS are basically composed of two parts; they are, the physical 
processing part and the information processing part. The physical processing parts 
carry out the manufacturing process to transform the blank materials to the fmal 
products through the autonomous and co-operative activities of the holons. The 
data required in the physical processes are generated and determined in the 
information processing parts. The information processing parts have the algorithms 
and the criteria for the decision-making, the communications and the corporations. 

The decision-making functions in HMS form a hierarchical architecture called 
holarchy. Let us consider a case where a manufacturing system consists of a ma
chine shop holon and an assembly shop holon. The individual shop holons include 
such holons as machine tools, assembly stations, parts and assemblies. In the 
holarchy, local level decisions, such as shop scheduling, are made through the 
autonomous decisions of holons, and their co-operation. The co-ordinators in the 
shops co-ordinate and/or constrain the autonomous activities of individual holons. 
On the other hand, the higher level decisions related to both shops are made 
through the co-operation among the shops. Each shop acts as a holon in the higher 
level co-ordination to make higher level decisions, such as the production planning 
andMRP. 

2.2 Object Oriented Model of Holonic Manufacturing Systems 

All the holons in the HMS have the information representing their status and the 
activities in the information processing and the physical processing. The simulation 
model represents both the information and the activities of the individual holons. 
An object-oriented modelling technique is therefore adopted to describe the holons 
that carry out the decision-making functions for the production control and 
management of the manufacturing systems. The individual objects have both the 
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data representing the status and the methods describing the decision-making 
procedures. 

An object-oriented model shown in Fig. 1 is proposed to describe and to 
simulate the decision-making activities and the communication activities of the 
holons in the manufacturing systems. The holon object represents all the holons in 
the manufacturing systems, and it is basically divided mto the resources and the 
jobs. The resources include such equipment as machine tools, AGVs and storage, 
which transform the jobs to the products. The jobs represent the lots and the 
workpieces to be manufactured in the holonic manufacturing systems. 

The resource controllers and the job controllers represent the information proc
essing parts of the holons. In the real-time scheduling processes, they have the de
cision criteria to select suitable manufacturing schedules for the individual holons. 

The processes and the operations are the objects representing the feasible ma
chining processes of the jobs to be manufactured and the manufacturing operations 
of the various resources, respectively. These objects do not represent the holons in 
the HMS, but they give the manufacturing process information of the individual 
holons. 
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Fig. 1 Object-oriented simulation model of HMS 

3 SIMULATION SYSTEM 

Figure 2 shows the object-oriented simulation system developed in the research, 
based on the model given in Fig. I. The simulation system consists of the 
following five parts. 
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Fig. 2 Object-oriented simulation system 

1. Manufacturing system model 
The manufacturing system model consists of a set of objects representing the 
holons in the HMS. The model includes such models of the holons representing the 
machine tools, AGVs, storages, lots and workpieces to be manufactured. 
2. Timing control system 
The timing control system monitors the all the events that occur in the 
manufacturing system model and controls the simulation time of all the holons and 
the objects in the simulation system. The timing control system has the event table, 
which describes the discrete events. 
3. Simulation controller 
The simulation controller is a user-interface for control the simulation system. 
4. Data viewer 
The data viewer is a user-interface for reviewing the data representing the status of 
the individual holons. 
5. Unexpected event manager 
The unexpected event manager is a user-interface for inputting unexpected 
disturbances directly to the simulation system, such as breakdown of resources and 
input of high priority jobs. 

The simulation system has been implemented by using the Smalltalk language, and 
applied to the simulation of the real-time scheduling process of the holonic 
manufacturing test-bed for the induction motor parts. In this application, the 
controller holons are developed for carrying out the decision-making process of the 
real-time scheduling. 
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4 REAL-TIME SCHEDULING SIMULATION 

An object-oriented simulation system has been developed and applied to 
simulation of real-time scheduling in the holonic machining systems shown in Fig. 
3. The machining system has been designed for the induction motor parts 
manufacturing test-bed in the HMS consortium. The system consists of the 
following resources that were designed based on the machining processes of all the 
induction motor parts considered. They are, 12 turning centers, 3 machining 
centers, 3 grinding centers, one buffer, one input/output buffer and 7 AGVs. All 
the parts needed for assembling 3 types of motors are machined in the system. 

The real-time scheduling considered here means that the schedule is determined 
dynamically only when the status of the manufacturing system is changed due to 
the progress of the manufacturing processes and the unforeseen events. Therefore, 
the scheduling system only determines the schedules of the jobs and the resources 
for a very short time period. The scheduling procedure is activated when one of 
the following events occurs. 
(1) A machining operation ofajob is fmished, 
(2) A job is inputted to the input/output buffer, 
(3) A resource is broken down, or is recovered, and 
(4) A status of a job is changed from the normal one to the high priority one. 

The scheduling system consists of a set of holons of the jobs and the 
resources. The production schedule is determined based on the decision-makings 
of the individual holons and their communications. A rule-based approach is 
adopted for determining the schedule. The scheduling rules are given to the job 
controllers who select the suitable resources for their machining operations. Two 
types of rules has been implemented as the ftrst step of the simulation; they are, 
RULE 1: Select a resource which fmishes the next machining process in 

shortest time, and 
RULE 2: Select a resource which has lowefftciency, 

The individual jobs select a most suitable resource by applying the rules. If 
more then two jobs select a same resource, higher priority is given to the job which 
has the earliest due date. 

Machining process information about 30 jobs has been provided, and the real
time scheduling processes of the jobs have been simulated for the test-bed shown 
in Fig. 3. Figure 4 shows the simulation results given by the Gantt chart which 
represents the manufacturing schedules of the resources obtained by applying the 
RULE 1. 

5 CONCLUSIONS 

An object-oriented simulation system has been developed and applied to 
simulation of real-time scheduling in the holonic manufacturing systems. A 
simulation model has been developed to represent the test-bed manufacturing 
system of the HMS consortium. It was shown, through case studies, that the 
developed simulation system is effective to verify the real-time scheduling 
procedures of the holonic manufacturing systems. 
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Fig. 4 Simulation result of real-time scheduling 
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