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Simulation-based training system for job shop control (TRAIN-F) 
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The deployment of Production Planning and Control systems (PPC systems) in industry 
often leads to a gap between expectations and the logistic performance actually achieved. One 
important reason for this is the inadequate training of users. This paper presents a computer
aided training system which offers the opportunity to become familiar with the logistic process 
itself and the results of parameter changes on it. For that purpose an experimental environment 
was designed which makes it possible to influence a simulated job shop by varying PPC 
parameters. 
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1. INTRODUCTION 

Besides the implementation of Computer Integrated Manufacturing (CIM), the thorough 
optimization of production processes is the current main focus in industrial engineering and 
management in both research and practice. For this optimization the knowledge of the 
correlation between the various logistic objectives in the production process such as short lead 
times, low inventory, high utilization, and low order lateness is vital. On the one hand, during 
the restructuring phase with the establishment of new structures this lays a foundation for the 
highest possible process performance. On the other hand, for the ensuing operational phase, it 
allows maximum benefit to be obtained from the newly created potentials through appropriate 
Production Planning and Control (PPC). 

The tasks ofPPC are nowadays supported by constantly improved PPC systems. In the past 
PPC often failed to come up to expectations. The consequence is a widespread dissatisfaction 
with PPC systems1. This can be traced back to two problem fields, which stem from the 
interaction between PPC system and user, and PPC system and production. The users often 
lack basic knowledge of the concepts and definitions of PPC as well as of the operational 
process. The users do not know enough about the system to use it in a targeted way; in other 
words, the PPC functions and their effects on the production process are not sufficiently 
transparent. The requisite understanding of the process is sometimes inadequate. In addition to 
this the PPC systems employed are often not or only partially suited to the needs of the 
respective company, and the system parameters cannot be adapted to the current situation and 
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the desired objectives2. Even when there is sufficient potential support from a PPC system, 
appropriate adjustments of PPC parameters are not made even when operational conditions 
change considerably. 
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Figure 1. Different fields ofPPC education and training 
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To eliminate these defects, a comprehensive learning programme is necessary, training the 
user step by step (Fig. 1). In conventional education (school and vocational training) a basic 
knowledge of technology and organisation and sometimes even of PPC basics is imparted. 
Later, on the job, "learning by doing" allows the employee to gain insight into, for example, 
operational structures and processes. In this context the use of teachware can improve the 
understanding ofPPC functions and their performance as well as of the employed models and 
the accompanying parameters. This more or less static way of learning fosters the 
understanding of the dynamic correlations within the logistic process only to a limited extent. 
To further this understanding, only simulation-based training with a company model provides 
for the gaining of "experience" as regards the dynamic correlations between logistic objectives, 
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which have been proved to be fundamental laws of logistics3• This way, the effects of the 
chosen parameter-settings can be recognized and interpreted, and "process knowledge" can be 
acquired in an individual and action-oriented way. As a final step, the user has to be introduced 
to the specific computer system of his company, to get to know the applied hardware and to 
practise parameter setting on the keyboard, for example. 

The Institute for Production Systems (1F A) at the University of Hanover has developed a 
simulation-based training system for job shop control (TRAIN-F)4, for acquiring the necessary 
process knowledge increasing the understanding of the effects of PPC functions and 
parameters on the production process. It is designed for use in seminars. Step-by-step, first the 
theoretical basic knowledge of PPC terms and functions as well as methods for analysis and 
rating of operational processes is imparted. Subsequently the system (as explained in the 
following text) is used in small groups for training with a company model. 

2. PRODUCTION PLANNING AND CONTROL LOOP IN A TRAINING COURSE 

In this training system the trainee carries out planning and control tasks and is at the same 
time integrated into a control loop. By varying PPC parameters within the experimental 
environment, he can influence the production process of a simulated production, which means 
that he takes on planning and control tasks. Fig. 2 shows the control loop used in this training 
system. 
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Figure 2. Control loop for the training process 
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First learning objectives and tasks are defined; the trainee then sets the parameters of the 
following functions: "Lot Sizing", "Capacity Planning", "Scheduling" and "Order Release". The 
released orders are loaded into a simulated production, based on the funnel model. Then 
follows the simulation of the manufacturing process. The relevant data are taken from a real 
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company. Interchangeable data enable individual training for each company. During the 
simulation. feedback data from the ongoing process are generated in the computer. After the 
simulation the user is supported by an integrated monitoring system, which immediately 
demonstrates the effects of parameter settings. In this way he can measure the process quality 
as well as analyze and interpret the quality of his rating activities. 

3. STEPS IN THE TRAIN-F TRA1NING SCHEME 

The typical steps in a training circuit are shown in Fig. 3. First of all the trainee determines 
his individual objectives for lead time, inventory, utilization and order delay for the following 
experiments. 

Then he can choose one out of three alternative order-mixes: original data from the 
company, and two other order-mixes which have been realized with a "throughput-oriented 
lot-sizing"' method which leads to a harmonious distribution of operation times. With a 
detailed graphic analysis of the order key data the user can examine the chosen "system-load" 
resulting from the present orders. 

In the next step, capacity planning is carried out. Here it is possible to adapt the available 
capacity of machines to the capacity demand due to the current orders. So the user has the 
opportuility to set a rough balance between capacity and demand. 

The order key data and the set capacity values are input parameters, which are used to 
calculate the logistic operating curves6 in the next step. These curves show the behaviour of 
the job shop regarding lead time and utilization values by variation of the central parameter, the 
in-process inventory. With logistic operating curves the objectives set in the first step can be 
checked and perhaps changed to more realistic targets. 

The user can now set the parameters for scheduling, order release and the priority rules for 
the work centers. He can not only set the parameters in a wide range, but also choose between 
two scheduling methods. After the parameter setting and the selection of methods is 
completed, the user starts a simulation run for several periods (maximum: 25). The scheduling 
and the order release are carried out and the manufacturing process is correspondingly 
simulated. The engendered manufacturing results are the basis for a comprehensive analysis of 
parameters regarding work centers and orders by means of frequency distributions, throughput 
diagrams, time series, key data tables, etc. The evaluation can be carried out regarding the 
user's own objectives as well as the optimal possible achievement of limiting values. It is now 
possible to change parameters in the following simulation runs to improve logistic 
performance. With the active pursuance of logistic targets the user learns to distinguish 
between significant and less important PPC parameters and gains experience of how to utilize 
the interdependencies within production logistics in order to improve the process and logistic 
performance. 

The following choices for setting PPC parameters are offered in TRAIN-F. After choosing 
an order-mix (orders with their routing file) the user can set six different capacity values and 
two different methods for backwards scheduling. For order release, the loading percentage, the 
anticipation horizOn of orders to be released and the rated length of period can be varied within 
wide limits. This function is not only possible with load-oriented order release but also with 
conventional production control. The trainee can choose between five priority rules to 
determine the working order at the work systems. So there is a wide variety of possibilities, 
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increased further by the option to choose between different company models. At the moment 
two company models are available. 
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Figure 3. Steps of a training circuit in TRAIN-F 
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4. STRUCTURE OF THE INTEGRA TED SIMULATOR PROSIM ll 

The structure of TRAIN-F has been designed with the intention to integrate the 
PROduction SIMulator PROSIM II developed at the IF A7. One advantage of this integration is 
the use of a system which has been tested in practice and can be modified easily. Moreover 
every further development of PROSIM II can be integrated into the training system. The 
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structure of the simulator is shown in Fig. 4. The core of this system is the data basis. It 
includes the following data: 

A. PPC basic data: 
- shop calendar 
- routing data 
- work center data 
- capacity data 
- production program 

B. Order data: 
- planned orders 
- scheduled orders 
- released orders 
- orders in progress 
- completed orders 

C. Data for documentation of working progress (feedback data) 

The data are stored in a relational data base. This technique has several advantages. The 
most important are on the one hand the easy handling of a large quantity of data and on the 
other hand the open structure of the data base regarding the various program elements. To 
transfer the data of the company into the data base, an interface with neutral format was 
realized. 

The simulation of the processes on shop floor area is called job shop simulation. This 
module represents the model of the manufacturing process. A detailed description of the job 
shop simulation follows in section 5. 

Another part of this simulator is the manufacturing control. In analogy to the job shop 
simulation the control is also realized as an interchangeable element. Thus it is easy to use 
alternative control methods by changing the modules. In this application the manufacturing 
control consists of two functions. The first function carries out the backwards scheduling of 
manufacturing orders to determine the rated order dates. Possible alternatives are the 
scheduling 

- with a constant rated lead time per operation or 
-with the method of load-oriented manufacturing control8 . 

The second function determines the orders to be released. The order release could be 
effected by various methods; at the moment the method of load-oriented order release is used 
in TRAIN-F. 

The production planning is realized by the materials planning and its main function, order 
generation. In this step the manufacturing orders are generated to meet the net secondary 
requirement, and the due date of each order is determined. The materials planning function was 
realized as a separate program to facilitate an order generation with various lot-sizing methods, 
such as Andler, Wagner-Whitin and a newly developed throughput-oriented approach 
(DOLOS). The present training process does however not intend this module to be started 
within every simulation run, but rather that the user can select prepared order-mixes. 
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Lot Sizing 

Order Scheduling 

Figure 4. Main modules of a system for production simulation 

The last described part of this system, the monitoring, is for evaluation and analysis of the 
simulation results. The monitoring and the necessary target system are basic requirements for 
an effective utilization of simulation results, but have often been neglected in most existing 
concepts. So the simulation system PROSIM II and the training system TRAIN-F use an 
evaluation method (graphs and key data) developed by IFA for analyzing real production 
processes9 . This method is integrated nowadays in several commercial monitoring systems and 
is used by a number of companies to determine production-logistic key data1° The monitoring 
in the training system uses a menu control to allow easy handling of the system; for training 
purposes some diagrams had to be simplified. 

5. THE JOB SHOP SIMULATION BASED ON THE FUNNEL MODEL 

The job shop simulation is based on a simulation concept called "list concept". This concept 
is described by Noche!W enzeJ1 1: 

"List concepts are often found in job shop control systems or with simulators for other PPC 
applications .. . Normally they are employed for a special area of application and can be 
integrated in the respective EDP environment. 

The process logistics in a list concept are controlled by external files .. . 
The advantages of a list concept are the specially adapted interfaces, which make it possible 

to process external files generated by other EDP systems." 



36 Part Two Games with a Single Decision Maker 

A routing file describing the processes of a job shop is a typical "list". It describes the 
sequence of operations of orders. Routing files also detennine the order throughput through a 
simulated manufacturing area. Routing files are basic data of the company, so they can be used 
as control lists in the simulation program. Simulators based on the list concept are especially 
suited for the simulation of job shop manufacturing. 

To model work centers of a job shop, the funnel model12 developed by IFA is used, shown 
in Fig. 5. Every work center consisting of one or more work stations is represented by a 
funnel. If a work center includes only one work station only one order can be in process. A 
queue in front of the work center builds up when there are more orders to be processed than 
work stations available. When the processing of an operation is completed, the order leaves the 
work center and a successor is taken from the queue. 
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Figure 5. Shop floor model with work center as basic element 

Fig. 6 shows the model of order throughput through the job shop used in the simulator. 
After the order release, the processing of the order starts considering the routing file. But first 
of all, the order must be transported (TR). There is a transport system, consisting of several 
units. Here too, a backlog of orders to be transported is built up, if every transport unit is busy. 
Every operation (OP) of an order is described by the same events, which are (see 
Fig. 6): 

transport begin 
transport end 
process start and 
process end 

After the completion of an operation (in the example in Fig. 6 this is the OP 2), the order is 
passed on to the transport system (TR), where it waits until a transport unit is available. The 
events transport start and transport end fix the time span necessary for the transport and can 
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be varied in a parameter table. At the transport end the order is passed on to the next work 
center. If a work station is free, processing can start at once. If there are already waiting 
orders, the order queues up in the waiting queue. When a work station becomes free, an order 
is chosen out of the queue with respect to the priority rules. The operation time is calculated 
from the setup time plus the operation time per item multiplied by the lot size. After process 
end the order is passed on to the transport system again. With process end of the last operation 
the order throughput is concluded. 
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Figure 6. Model of order throughput in the production simulator 
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The process control within the job shop simulation is effected according to the priority rules 
at the separate work centers. These are chosen as parameters before the simulation is started. 
Rules like FiFo (First in -First out), SOT (shortest operation time) or LOT (longest operation 
time) and on the other hand strategies for setup-time minimization, for selection of the most 
urgent order or for processing following the fixed priorities of orders, are included. 

6. EXAMPLES FOR THE USE OF TRAIN-FIN TRAINING COURSES 

Before the use of this system in training courses is described, the most important element of 
each training course, the monitoring will be presented. 

Monitoring offers the user the necessary evaluation to understand and quantifY parameter 
effects on the manufacturing process (Fig. 2). The user is thus able to evaluate the behaviour of 
individual work centers with regard to logistic objectives. The different choices are shown in 
form of symbols. Fig. 7 shows the selection mask for possible evaluation methods. Besides the 
different throughput diagrams there are distributions as well as a representation of time series 
available. On the one hand the achieved actual values with regard to the logistic (objective) 
parameters can be indicated and on the other hand a comparison between actual values and 
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rated values is offered. Furthermore, the order lateness in input and output of orders at the 
work centers can be indicated. The difference between order lateness input and order lateness 
output shows the user whether the work center has decreased or improved scheduled 
performance. The user can select up to four diagrams from this mask. The chosen alternatives 
are marked with coloured frames. As a rule the evaluations are shown in a diagram. But the 
user also has the opportunity to look at trends of mean values over the simulated periods. 
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Figure 7. Screen mask for the selection of work center evaluation 

6.1. Training unit: "Effects of inventory leve1"13 
The training unit "effects of inventory level" gives the trainee an insight into how the logistic 

objectives are influenced by the inventory. For this he is given the task to alter the loading 
percentage, available in the load-oriented manufacturing control step by step and by this to 
influence the in-process inventory. All the other parameters are held constant. Subsequently the 
trainee has to choose the proper diagrams for the evaluation of work centers to analyze the 
results. 

The general training process for this item is shown in Fig. 8. Various fixed loading 
percentages lead to different operation points. With the step by step increase of the inventory 
level the mean output of the work center grows and at the same time the corresponding lead 
time. The measured operation points can be connected to form logistic operating curves. In 
Fig. 8 the operation points A and B are identified on the curves. 
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The dynamic behaviour of the work system can be shown with the throughput diagram, be
cause here the exact daily display of the manufacturing process is given. Frequency distribu
tions of lead times and order latenesses allow a more detailed evaluation of the manufacturing 
process. 

To derive relations between key data, these have to be compared directly. At operation 
point B the input and output curves of the throughput diagram are far apart. Also the key data 
of lead time and order lateness vary strongly, as is apparent in the insertable frequency distri
bution (see as an example the schematic frequency distribution of the lead time in 
Fig. 8). In contrast to this, operation point A shows that lower inventory leads to shorter lead 
times. The mean value and the variance of the order lateness turns out smaller too. 

The next training step shows that different operation points lead to a varying process reli
ability. Operation point A has better process reliability than operation point B, because of 
higher scheduling performance. However, there is a considerably smaller utilization of ma
chines at operation point A. So the trainee concludes that there is not such thing as an 
"optimum operation point" but only an appropriate operation point corresponding to the set of 
objectives. 

6-2. Training unit: "Dynamic correlations in the manufacturing process" 
Apart from the behaviour of manufacturing in a steady state, the transitional behaviour with 

changed parameter is also of interest. The aim of this training sequence is to give the learner an 
idea of how Jong·it takes for a change of parameters to take effect. For this purpose he can 
vary the parameters and check the effects on the logistic objectives. For example, if he reduces 
the inventory shown in Fig. 8 from operation point B to A by decreasing the loading percent
age at the thirteenth period (see Fig. 9), the mean inventory falls immediately and reaches the 
new inventory level after four or five periods. 
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Figure 9. Development of inventory and lead time caused by the reduction of inventory 

The lead time does not react until after the fifteenth period and the new lead time level is 
reached after a further four or five periods. The user now sees that the job shop has its own 
dynamics. Changed parameters have not an immediate, but rather a delayed effect on the 
manufacturing process. The time behaviour of individual logistic objectives differs. While 
decreasing the order input leads to an almost immediate reduction of the mean inventory, the 
lead time reacts with a time delay depending on the level of inventory before parameter change. 
So the change of parameters has to be done very carefully and the effects have to be traced 
with special key data, to obtain a reliable planning basis. 

7. LEARNING SUCCESSES WITH SIMULATION-BASED TRAINING SYSTEMS 

The complexity of today's PPC systems leads to the necessity to train the users in industry 
continuously in order to take effective advantage of the potentials opened up by PPC measures 
in future. The existing knowledge of processes and functions of PPC and the ability to handle 
the PPC systems must be extended by another element, which includes process knowledge, i.e. 
the understanding of effects of correlations of parameters in the manufacturing process. 
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To provide the user with process lmowledge, a computer-integrated, simulation-based 
training environment offers a good method, because among other things it can be used directly 
at the company. The training success corresponds with the steps of the training units. The 
trainee sets the parameters of the training system following his tasks and given objectives. With 
these settings feedback data are generated by the simulated test environment. The integrated 
evaluation modules allow the trainee to assess performance. After several simulation runs the 
effects of parameters are visible, so the user can interpret the dynamics of the test job shop by 
modifYing parameters. If the trainee concludes that the training success is achieved, he will 
transfer his lmowledge to the real world situation and set the PPC parameter in a more self
confident and targeted manner. This is the basis for exploiting the great variety of potentials in 
planning and control of production processes in future. 

The system described gives the learner a better grasp of the subject. Both those working in 
companies and students who carried out training with a simpler system for load-oriented order 
release noted that users were highly motivated when working with the computer-based system. 
A survey showed that the system met with a very good response and that more training 
systems of this type were called for. It seems apparent that the training system is useful to 
impart process lmowledge and understanding of PPC. Fig. 10 describes supplementary 
TRAIN-F in detail. 
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Name of game Training-System for Job-Shop Control (TRAIN-F) 

Purpose of game Training of PPC-parameter variation to influence 

simulated Job-Shops in order to achieve given 

targets 

Subjects treated Lot-Sizing, Capacity Planning, Scheduling, Order 

Release, Monitoring the production process with 

diagrams, key data, time series etc. 

Brief description of game - Based on an event-driven deterministic 
Format simulation (Prosim II) 

- Simulation model of a real Job-Shop 

(interchangeable) 

- Parameters of a conventional and a 

load-oriented Job-Shop control 

No. of different roles - Two users at each Training System 
No. of participants - One supervisor, moderator 

Duration - Introduction, Training, Discussion 

- 6 hours 

Where applied? - During classes on Production Planning and 

control 

- Demonstrations during workshops on PPC 

Experience - The user learns to distinguish between 

Benefit signHicant and less important PPC-Parameters 

and their effects on the production process 

Limitations - User needs basic knowledge of 

PPC-Parameters to understand the 

dependencies within the various parameters 

Name and address of lnstitut fiir Fabrikanlagen, Universitit Hannover, 

contact person Callinstrasse 36, 30167 Hannover, Germany 

Dipl.-lng. Holger Fastabend (0511/762-3256) 

Figure 10. Brief description ofTRAIN-F 
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