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ABSTRACT. 
This paper describes an educational framework based on simulation games for industrial 
management students. We prove the hypothesis that the combination of simulation and 
mathematical theory (rather than the usual simulation versus optimization) is highly 
successful and rewarding. This is done both at the University of Ghent and in an international 
setting. The gaming approach is hereby used as a tool to convey a variety of skills, techniques 
and information about facts, structures, processes and dynamics of systems. 
The educational frameworks that are presented in this paper, are built around two important 
topics in industrial management : scheduling problems and supply chain optimization. The 
innovative part in our approach is that the games are played in several stages to pursue 
increasing satisfaction levels using the knowledge and experience that is being built up during 
the theoretical and the gaming sessions. 
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INTRODUCTION 

The purpose of this paper is to introduce the concept of an integrated educational framework, 
called "CIL _ SIM" that is based on the use of simulation games. 
In the following section we briefly discuss the benefits of simulation gaming and its added 
value as a highly motivating pedagogical tool. 
The second section includes a description of the two games that are used : a shopfloor 
simulator OPT_SIM to introduce scheduling problems and a supply chain simulator, called 
DIC_XIM, to introduce chain behaviour dynamics. 
The layout of the "CIL _ SIM" educational framework is the main topic for the third section. 
We shortly discuss the various operational research techniques which are conveyed using this 
framework and the concept of satisfaction levels will be further elaborated. 

1. SIMULATION GAMING AS A PEDAGOGICAL APPROACH IN INDUSTRIAL 
MANAGEMENT 

Continuous time and "video game" -like simulations of real world systems and processes have 
recently become increasingly popular as an alternative for classical educational approaches 
i.e. normal theoretical courses and exercises. 
However, the potential of this approach has not been fully exploited yet and especially in 
industrial environments, there is some reluctance towards the use of this gaming approach as 
an educational tool. 
The main reason for this seems to be that a lot of these simulation games are not really 
embedded in an integrated multi-stage framework consisting of theoretical input, game trials, 
evaluation sessions and a debriefmg session at the end. 
It is our opinion that such an educational framework is necessary to motivate the trainees to 
go through the simulation game over and over again in order to implement the experience and 
knowledge that was gained during previous sessions. This approach has proven to be very 
successful in order to fully exploit the motivating and challenging character of the gaming 
experience. This means that the games are used as incentives to really implement new 
techniques and experience its consequences on a system rather than learning the basic 
principles by heart. 
The integrated educational framework as it was introduced above has been successfully used 
at our department for post-graduate courses on industrial management and operational 
research. The focus of the "CIL_SIM"-framework is on two main topics : scheduling 
problems (OPT_ SIM) and supply chain optimization (DIC _ XIM). 
Both of the games can be used to teach well known operational research techniques such as 
linear programming, non-linear optimization, decision trees, Monte Carlo simulation, 
heuristical optimization, expert-like systems etc... and to show the advantages of using 
graphical display software such as Leitstand schedulers. Moreover, each of the games 
provides the opportunity to convey more specific techniques such as multi-resource Theory of 
Constraints for the scheduling game or multi-level Inventory Control Theory and the 
Industrial Dynamics concept for the supply chain game. 



54 Part Two Games with a Single Decision Maker 

2. DESCRIPTION OF THE TWO SIMULATION GAMES 

2.1. OPT_SIM: a shopfloor simulator (Muller(-Malek), 1993) 
The OPT_SIM shopfloor simulator represents a model of a multi-product, multi-line, multi
resource, multi-process and multi-periods manufacturing cell that includes three machines, 
three types of products, two raw material sources, five processes, workmen, automatic 
transportation systems (optional), investment opportunities (optional), commercial and 
financial restrictions ... It has been designed as a further development of the OPT-game of 
"Creative Output". 

Optsim - Simulation Screen 
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Day: 1 Min.: 46 
Tot. Min.: 00046 
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(PRICES! 2; 060 

Figure 1. Screen layout for the OPT_SIM game. 

Cash: 009500 
Available Workmen: 5 
Speed 001 

The basic operation of the cell is as follows : raw material type 1 (RM 1) is modified using 
process 1 (P1) on machine I (Ml) and is sold as product X. RM2 is processed on M2 (P2), 
Ml (P3), M2 (P4) and is then sold as product Y. The third machine (M3) is used for the 
assembly process (P5) of one product X and one product Y into one product Z. Each process 
has an input and an output buffer of limited capacity. Machines I and 2 need fixed setup times 
if there is a switch from PI to P3 (M1) or from P2 to P4 (M2). 
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Several costs are accounted for and the total cash position of the cell is updated and shown at 
any point during the game. 
The objective is to make up a schedule within the given constraints and to optimize either 
profit or cash flow for the system over a fixed number of time units. 
In a further stage, the trainee has the power to make investment decisions at the beginning of 
the game : he can decide to hire additional workmen, buy additional machines in order to 
seperate the resources that are needed for PI and P3 or P2 and P4 respectively. 
OPT_SIM (fig. I) is operated in continuous time using a mouse to buy raw materials, to 
operate the machinery and to sell finished products. The game is implemented in an OS/2 
environment and has extended reporting facilities including utilization factors of resources, 
financial information etc ... 

2.2. DIC_XIM: a supply cbaio simulator 
The physical distribution game DIC_XIM is based on an existing game that was developed by 
Prof. Jackson at Cornell University, USA and is also used as one of several games in a 
logistics course (Vanderschaeghe eta!., 1994). 
It simulates a supply chain that consists of one factory warehouse, one national import house 
and three wholesalers. The game player has to decide on the amount of goods to be shipped 
from one node in the chain to another at a certain point in time in order to maximize total 
profit and/or client satisfaction levels of the complete chain. 

OIEXIM • optlm.dxm 

Sllleo: 0 

Coale: 

NetProfrt. 

Figure 2. Screen layout for tbe DIC_XIM game. 
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In the basic game configuration, shipments are only possible from factory warehouse to 
national import house and from there to the wholesaler. 
The game can, however, become increasingly complex either by allowing cross shipments 
between wholesalers and/or direct shipments (bypass shipments) from the factory warehouse 
to one or more of the wholesalers. 
In a further stage, it is possible to introduce pools of resources (trucks or trains) with limited 
availability, for transport from one node to another. 
The basic costs that are involved and accounted for are order costs, backorder costs and 
inventory c~sts at each of the nodes in the chain. For the more complex game configurations, 
additional costs are introduced : variable and fixed costs for different types of transportation 
resources, volume discounts or penalties on the purchase price from the factory warehouse 
and so on. 
The demand that is introduced at the wholesaler level is stochastic (normal or uniform 
distribution). This demand can also be influenced by trends, seasonal fluctuations and so 
called panic reactions : if one of the wholesalers is out of stock, his demand will go up (panic 
reaction from the retailers) and will drop dramatically at the time he gets a new supply of 
goods. 
The DIC XIM game (fig. 2) has been implemented using an attractive Visual Basic 
environment. 

3. LAYOUT OF THE EDUCATIONAL FRAMEWORK 

In this section, the educational framework, called CIL_SIM, which includes both games 
OPT_SIM and DIC_XIM, will be introduced. For all stages in this framework, the teacher can 
choose to use either OPT_SIM, either DIC_XIM. During the discussion, however, we will 
explicitly refer to one of the two games in order to show the practical elaboration of a certain 
stage. 

3.1. First simulation trial (first satisfaction level) 
The first session starts with a brief introduction of the game, the basic operation of the 
software and a general problem statement. 
Afterwards, participants are encouraged to play the game several times in order to become 
familiar with the mechanics of the game and its basic operation modes. The results (profit, 
GIP-investments (Goods In Process) or client satisfaction for DIC_XIM; profit, cashflow or 
throughput for OPT_SIM) are then compared and evaluated among the (groups of) 
participants. 
The configuration parameters for the game are chosen in such a way that there are no trivial 
solutions so that none of the participants finds any acceptable near-optimal solution. 
This first simulation trial session, which should yield improving results from one trial run to 
another, finally leads to a first satisfaction level (fig. 3). This is the level of performance that 
can be achieved using trial and error methods based on previous experiences. 
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Figure 3. Satisfaction Levels. 

3.2. Constraint relaxation and linear programming (second satisfaction level) 
During a short theoretical session, the basic concepts of mixed integer linear programming are 
explained in several steps, by developing a number of linear models for the game with varying 
levels of relaxation. In this section, we will elaborate on this second stage for the OPT_ SIM 
game. 
The first model is a simple two-variable continuous linear model and accounts only for the 
rough cut capacity of the machines, as well as market and financial restrictions. This model is 
represented and solved graphically. Since none of the other constraints is considered here, the 
participants do not succeed in implementing the strategy that was found. They feel, however, 
that the model gives them a valuable hint or even a focus towards finding near-optimal 
solutions. 
The next step is to encourage the participants to build more complex models, including more 
constraints and 0-1 variables or integer variables e.g. for lotsizing and overall sequencing 
conditions. These models are built and solved using the linear solver in MS-EXCEL. 
The result gradually improves during these efforts but they experience that it is impossible to 
account for all of the constraints, in particular the ones involving allocation of resources such 
as buffers, personnel and transportation are very hard to model in continuous time. 
This second stage should make the participants aware of the fact that LP-models for a highly 
simplified problem can give excellent hints towards a solution but are not at all sufficient to 
find near-optimal feasible solutions. 
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However, in most cases, the results after this session will be significantly better than the ones 
found by trial and error. This stage leads the participants to a second satisfaction level (fig. 3). 

3.3. Visual planners for resource allocation (third satisfaction level) 
As we mentioned earlier, the most cumbersome part in solving both the scheduling and the 
distribution problem is the allocation of combined resources over continuous time. Therefore, 
we include a session to introduce the use of visual planners. 

/ ~taller 

/ Rtwler 

/ les.lor 

·50 

Figure 4. Screen layout of the Visual Interactive Planner. 

For the OPT_SIM scheduling problem, we use a commercial Leitstand-planner, called AHP; 
for the DIC_XIM supply chain, we developed at our department the Visual Interactive 
Planner (VIP) (Baertsoen, 1994) that works as a Leitstand, but offers specific functions to 
assign resources (trucks) to shipments, while analyzing at the same time the implication on 
the GIP (fig. 4). 
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Both systems work much in the same way : the game is played, data is gathered and 
transferred to the visual planner. This system shows the sequence of the jobs graphically and 
allows to move them over time and to shift jobs from one resource to another. The resulting 
sequence is then transferred to the simulator again and is played automatically. 
This stage is mainly meant to show that these systems can be very useful when dealing with 
resource allocation, but that there are some important disadvantages such as : difficulties to 
work with multiple resource allocation (personnel and machines), no real integrated 
optimization. 
The results that are obtained during this stage lead to the third satisfaction level. 

3.4. Expert-like heuristics (fourth satisfaction level) 
This session is used to discuss some of the benefits of heuristics in solving multi-means and 
multi-constraint problems such as OPT_SIM and DIC_XIM. For both the scheduling and the 
supply chain problem we developed an expert-like system which can find near-optimal 
solutions for each possible type of configuration of the game. The systems are simulation 
based and for this purpose, we built a simulation model of our simulation games using the 
commercial package AutoMod. Within this environment, the expert-like heuristics are 
implemented as a shell written in C-code. 
The heuristics procedure that is used consists of a number of modules that are linked together 
using rules that include some expert knowledge (fig. 5). The first step is to calculate a trivial 
solution (with one setup for each process and with lot sizes determined by rough capacity 
restrictions) and to check its feasibility (by simulating it in Auto Mod), because this solution 
will outperform all others on condition that it is feasible. If this is not the case, then we 
switch to the main iterative heuristic module which generates different production "scenarios" 
using experience-based rules (scenario generation module). A scenario is a rough schedule 
which is in a unique way defined by the number of setups for each process. Starting from this 
scenario, detailed schedules are calculated and modified (modification algorithm) until a 
solution is found that is feasible within all constraints. 
This iterative procedure is stopped by a heuristic rule and the different feasible detailed 
schedules, which were calculated starting from different rough scenarios, are compared using 
the objective function. The best one is then chosen and is submitted to a detailed simulation in 
order to generate all event times which are then imported into OPT_ SIM. 
The solutions of these systems (which exist both for OPT_SIM and for DIC_XIM) have 
proven to be near-optimal and they are used as the ultimate fourth satisfaction level. 
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3.5. Optional modules introducing problem specific techniques 
Both games can be simplified, by changing the configuration, in such a way that it is possible 
to introduce more specific techniques which are closely linked together with the type of 
problem that is considered. Two examples are briefly discussed in the following paragraphs. 

3.5 .1. Theory of Constraints (OPT_ SIM) 
During this session, the principles of Theory of Constraints (Goldratt) and bottleneck 
scheduling are introduced. Afterwards, the participants are encouraged to use this principle in 
solving the scheduling problem. For this session, the OPT_SIM environment is configured in 
such a way that one of the machines becomes a real bottleneck. The best solution for this case 
is to setup that bottleneck machine only once for each process. In the mean time, the other 
machine is switched several times (each time with setup) in order to make sure that the 
bottleneck is never idle. 

3.5.2. Inventory Control models (DIC_XIM) 
When the limited availability and capacity of resources is not considered anymore, the 
DIC_XIM model can be used to introduce various well known inventory control models 
based on (modified) Economic Order Quantity calculation, reorder point and safety stock 
calculations. This can be done both with fixed and stochastic demand from the customers. 
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4. CONCLUSIONS 

The above described integrated educational framework has been used at several occasions for 
both introductory courses and more advanced seminars. The system has been built up during 
the development of the COMETT-SAM-1993 (Simulation Aided Management) seminars 
which were given by staff members of our department at the Technical Universities of 
Karlsruhe (D), Lyngby (DK) and Zaragoza (E). These seminars were mainly for people from 
industry. The same approach, however has been adapted for a course called "Decision 
Sciences for Managers" which is taught for the postgraduate courses of the Vlerick School for 
Management in Ghent. The approach is also being introduced at the Technical Universities of 
Riga (Latvia) and Kaunas (Lithuania) and in the near future, we hope to introduce it at the 
Economical University of Moscow (Russia). 
The experiences with the "CIL_SIM" educational framework are very successful and 
promising because we noticed that the integration of theoretical and gaming sessions is very 
motivating for the participants. It also gives them real opportunities to apply the knowledge 
that was acquired on a global problem and to experience the pro's and contra's of the various 
techniques and approaches. 
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