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problem. This simulation is processed by the state change that is caused by an execution of
the operator, and it finds the schedule with the best handle values considering the current
status. Several simulation runs with diverse handle values were required to find the best
values because the status of the shop floor can change dynamically. To validate the simu-
lation, this production system-based simulation is applied to the on-line job change sched-
uling of a tire belt processing step as part of the tire manufacturing process.
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1. Introduction

The backward on-line job change scheduling (BJCS) problem is an on-line job change scheduling problem between two
processing steps, involving a number of machines with various processing times separated by a buffer. On-line job change
scheduling implies job change scheduling for a real-world operation, requiring the application of current statuses of the shop
floor, such as the current loading status of machines and the current WIP information, and to make the job change scheduling
no longer than 10 min in order to apply the current status rapidly or to handle disturbance situations immediately. The job
change schedule determines the start time of the job change, the production quantity, and the operating machines for each
job-type. A job change is equivalent to the operation required when the loading job-type is switched and the job is the unit of
production in the processing step and has a job-type attribute. The BJCS problem is defined as follows: given a job change
schedule of the following processing step, the task is to find the job change schedule of the current processing step that min-
imizes the starving time of the following processing step and the job change loss time of the current processing step and
holds the WIP level between the current and the following processing step steady. The starving time is sum of the idle time
during the processing step caused by the late arrival of a job in the previous processing step. The details of the starving time
are described in the Appendix A. The job change loss time is defined as the sum of the job change time in the processing step.
The BJCS problem uses the job change schedule of the following processing step as its input. The output of the problem is the
job change schedule of the current processing step. The target WIP, the initial WIP for each job-type and the loading status of
the machines are also part of the input information. Reference information such as the processing time, the job change time
and the bill of processes are used, and several constraints and requirements should be satisfied. The constraints and require-
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ments can be added or removed according to the features of the target domain. In addition, this BJCS problem focuses on the
shop floor which has the feature of a static job-shop. Therefore, all materials for the current processing step already exist in
the stock. The objective of the BJCS is for the performance evaluation measures to guarantee a certain level, as determined by
the manager. The starving time of the following processing step, the job change loss time of the current processing step and
the WIP level between the current and the following processing step are the performance evaluation measures of the BJCS
problem. A summary of the BJCS problem is depicted in Fig. 1.

The BJCS problem is a production scheduling problem. In general, to solve a production scheduling problem, there are two
major approaches - a mathematical approach and a simulation-based approach. In the mathematical approach, there is a
wealth of research about scheduling using Linear Programming, Integer Programming, Mixed Integer Programming and
other methods, but they solve the problem under certain assumptions of problem environments, making them difficult to
apply as a solution in the real-world. The BJCS problem can be represented by the Integer Programming formulation, but
it cannot apply the current status and it takes a long time to make a schedule of the proper size for use in the real-world.
The details of the Integer Programming formulation are explained in Appendix B. On the other hand, a simulation is free from
those limits. With simulation-based scheduling, discrete event simulation methodologies are mainly used. There are three
simulation modeling approaches for discrete event simulations: the event, activity and state approaches [13]. Among these
approaches, event-based modeling [21] and simulation are largely used for production scheduling. In previous research on
backward scheduling using event-based simulation, the release plan was initially created by a backward simulation. A for-
ward simulation was then executed using the release plan [1-4]. However, this approach is limited by its inability to follow
the sequence of operations as predicted by the backward simulation [2]. The event-based simulation is executed by means of
a forward time-advance in the forward simulation and by a backward time-advance in the backward simulation. Hence, the
backward scheduling problem cannot be solved at once and is therefore divided into release planning and production sched-
uling problems. This lowers the capability level. This is identical to an activity-based simulation. A state-based simulation is
executed by a state change rather than a time-advance. In research on production scheduling with a state-based simulation,
the modeling of a job shop problem with Discrete Event System Specification (DEVS) [15] deals only with the concept of a
simple job shop, and Finite State Automata is used in the scheduling of cluster tools [ 16]. However, the backward scheduling
problem is not considered to be serious.

The production system, one of the state-based simulation approaches, is a problem-solving methodology that uses the
productions (i.e., condition-action rules) [5]. Its concept is explained in terms of states and operators. The production system
can easily represent the thinking process of a human [7]. Therefore, it has been widely researched in the Artificial Intelli-
gence (Al) domain. It is applied to expert systems in various domains, such as agriculture [8], finance [9] and mechanical
engineering [10]. It is also used in the manufacturing domain. Expert systems for Flexible Manufacturing System (FMS)
scheduling and planning are developed with the concept of the production system [14,17]. However, this system is specific
to the FMS domain, which is focused on operation sequencing and does not consider job changes. This makes it difficult to
apply to BJCS problems.

In this study, a simulation using a production system is proposed to solve the BJCS problem. The BJCS problem is de-
scribed in terms of the state and operator. The state is defined in terms of the job and the machine state and the operator
is described as executing the loading of the job to the machine. Solving this problem is identical to the selection and execu-
tion of the operator to change the state so as to achieve the goal state. That is, solving the BJCS problem involves a transition
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Fig. 1. Backward on-line job change scheduling problem.
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