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Abstract 
The development of this game was based on wargame concepts which are very popular 

throughout the world. This work presents the simulation of a manufacturing system as a game, 
where opponents attempt to reach pre-established goals via strategic and tactical plans. The 
adopted strategies and tactics shall lead to the goals through optimization of the resources 
available for each player. 
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1. INTRODUCTION 

W argames, such as chess and checkers, were created to simulate a battle between two 
opponents. During the 70's, other types of wargame increased its participation in the market. 
These new games intended to be more realistic, creating a scenario to reproduce the real 
conditions of a conflict. They are played on a board which contains a map of the region 
involved in the conflict. They usually include some pieces that represent the military units -
army, navy and air force- which can be used by the players to reach the main objective- defeat 
the opponent. 

In an industrial environment, production managers are responsible for the planning and 
control of production in order to reach the objective of the enterprise - to make money now 
and in the future (Goldratt, 1990). Therefore, they must use their resources rationally. 
Management Science has developed many techniques and tools to support decision-makers, 
including modeling and simulation which use mathematics and computational tools to answer 
questions such as what ... if? 
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In these two realities, war and production, the resources - time and money - are limited, so 
the decision must be made fast and rationally. Operational Research is an useful tool to solve 
such problems. However, it requires some assumptions in order to be efficiently used (Wagner, 
1986) 

focus on decision-making aspects; 
• process evaluation based on economical effectiveness criteria; 
• use of a formal mathematical model; 
• dependence of computerized systems. 

The first and the second assumptions are present in a war and in an industrial environment. 
The third is also represented when we define the goal and the constraints of the system in a 
mathematical form. 

In a war, the goal could be to dominate a certain region during a given period of time and 
the constraints are represented by the quantity of resources available, its characteristics in 
terms of speed and fire power, the characteristics of the region under conflict and the presence 
of the enemy. 

In industry, the goal could be to produce a given mix of products in a specific period of time 
and the constraints are the equipment and personnel available, the time to transform raw 
material in finished goods and the money to invest in inventories and quality improvement. 

As mentioned above, to solve management problems, using operational research techniques, 
it is often essential to engage computerized systems, since the logistics and the production 
planning and control in a war and in the industry increased their complexity. 

For this reason, the representation of a manufacturing system in a more simple model, as a 
game, could be useful to allow the understanding of the managerial environment. As a second 
step, in using a game to simulate a production environment, it is recommended to implement 
this game in a real situation, even if the data acquisition seems complicated. This could be 
necessary to validate its use as an efficient model. Finally, the implementation of this model in a 
computational system will help its comprehension and operation. 

The purpose of this work is to present an analogy between the model that was developed 
for wargames and the industrial environment. Firstly, a model for the manufacturing plant is 
discussed, where a geographical region is related with different kinds of machines. The 
relationship between military units and production resources is also shown and the rules of the 
game are detailed. Following, an example is discussed, where are presented more particular 
similarities between wargames and the production environment. 

Finally, some commentaries are made, concerning the use of this game in an educational 
program to teach management science, specially in the domain of manufacturing systems 
modeling and analysis, production planning and control and cost management. 
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2. mE MANUFACTURING PLANT 

The manufacturing plant is represented by the board which contains a simplified map of the 
metropolitan area of Porto Alegre (POA), the capital of the southernmost state of Brazil. A 
network of hexagons is superimposed on the map in order to define positions and movements. 

NORmERN BORDER 

SOumERN BORDER 

Figure 1. The Manufacturing Plant 
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3. PRODUCTION RESOURCES AND OBJECTIVES 

The player with the black pieces - named Manager - must execute a production plan within 
a pre-set period oftime and has at his disposal, for this purpose, a limited number of resources. 
The player with the gray pieces - named Murphy - acts as an intelligent random enemy inside 
the manufacturing plant and must obstruct the execution of the production plan. 

A certain capacity of investment (CI) and production (PC) is associated to each unit of 
resources (UR). These URs are allocated by the Manager in order to optimize the production 
process and by the Murphy in order to obstruct the accomplishment of the production plan 
within the pre-established period of time. 

The employment of these URs represents, for the Manager, among other things, the 
allocation of protection inventories, the performing of preventive maintenance, the use of 
overtime or the purchase of a new machine that makes a given production plan feasible. For 
the Murphy, it represents, for example, an attempt to generate machine breakdowns in the 
critical operation of the production process. 

anager 

Figure 2. Units of Resources (URs) 

4. PRODUCTION CONSTRAINTS 

Murphy 

r:J 
1\ 
CI PC 

To move the URs through the manufacturing plant some constraints must be observed, such 
as space, impedance and the existence of rival URs. 

4.1. Space 
Only one UR can occupy a certain position (hexagon) at a given time. 

Figure 3. Space 
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4.2. Impedance of the Positions 
Each position has an impedance which restricts the sequence of possible routing to execute 

the movements. This impedance represents the expenditure of resources PC to move the UR 
through the route that includes this position. Table 1 presents the impedance of each position 
and its equivalence in the production environment. 

Table 1. 
Impedance of the Positions and its Equivalence in the Production Environment 

Position Characteristic 

Field 

City 

Road 

River 

Equivalent 

eofMachine 

Generic 

Flexible 

Dedicated 

No links between 

adjacent machines 

Impedance 

3 

2 

Crossing permitted only 

through roads 

Figure 4 shows the route used to move the black UR from A to B, using the shortest path. 

Figure 4. Moving URs Through the Manufacturing Plant 

2 

Field 
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4.3. Influence Zone of Rival URs 
The influence zone of an UR is composed of all the adjacent positions to the position 

occupied by this UR. An UR must stop when it reaches the influence zone of a rival UR. 
On figure 5, the black URis trying to move from A to B, but must stop because reaches the 

influence zone of a gray UR. 

STOP! 

Figure 5. Influence Zone of Rival URs and Confrontation 

5. CONFRONTATION 

A confrontation is established when rival URs occupy adjacent positions on the board as 
shown on figure 5. To solve this confrontation some rules must be observed such as 
investment relationship between the aggressor and the defender and the effect of uncertainties 
after confrontation. The investment relationship is shown on table 2. 

Table2. 
Investment Relationship Between Aggressor and Defender URs Involved in the Confrontation 

where: 

Investment Relationship 

2.DI ~ AI a 

DI ~ AI < 2.DI ll 
AI < DI 

AI: Aggressor Investment= L CI of the aggressor URs involved in the 
confrontation 

DI: Defender Investment= L CI of the defender URs involved in the 
confrontation 

ll 
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The effect of uncertainties is represented by a set of probabilistic distribution tables that 
simulates the stochastic characteristics of a production process. The results are obtained by 
means of throwing of two dice. 

The first dice affects the location of the URs after the confrontation, as shown on table 3. 

Table 3. 
Effect on the Location of the URs According with the Investment Relationship 

Dice I a 13 X 

where: 

I 

2 

3 

4 

5 

6 

DW-AB DW-AB DW-AE 

DW-AB DW-AB DW-AB 

DB-AW DW - AB DW-AB 

DB-AW DB-AW DW-AB 

DB-AW DB-AW DB-AW 

DE-AW DB-AW DB-AW 

AW: the aggressor wins and can take the defender position 
AB: the aggressor must move his URs one position back, out of the influence 

zone of rival URs 
AE: one UR of the aggressor is eliminated and the others must move one 

position back, out of the influence zone of rival URs 
DW: the defender wins and maintains position 
DB: the defender must move his URs one position back, out of the influence 

zone of rival URs 
DE: one UR of the defender is eliminated and the others must move one position 

back, out of the influence zone of rival URs 

Note: It is not pennitted to move back to the influence zone of rival URs, through the river 
without road or out of the board. In all cases, if these are the only alternatives to move back, 
the UR must be eliminated - see figure 6 where the gray UR must move one position back. 

Figure 6. Possibilities to Move the Gray UR One Position Back 
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The second dice reflects the influence on the CI and PC of each UR involved in the 
confrontation, as shown on table 4. 

Table 4. 
Effect on the Capacity oflnvestment (CI) and Production (PC) of the URs 

where: 

Dice II 

DM-AR 

2 DM-AR 

3 DM-AM 

4 DR-AR 

5 DR-AM 

6 DR-AM 

AM: the aggressor maintains the CI and PC of his URs 
AR the aggressor reduces by 50% the CI and PC of one of his URs 
DM: the defender maintains the CI and PC of his URs 
DR: the defender reduces by 50% the CI and PC of one of his URs 

Note: To reduce by 50% the CI and PC of the URs the player must tum over the piece. An 
UR, that has already been reduced in its CI and PC by 50%, must be eliminated. 

6. GAME DEVELOPMENT 

The game is developed during workdays and weekends. The Manager plays on workdays 
and the Murphy plays on weekends. The duration of the game depends of the production plan 
that must be accomplished. Usually, the game can be played in about 1-2 hours. The game 
begins on Monday of the first week and finishes on Sunday of the last week. 

The Manager plays once a week, on workdays, and can move all his URs, subject to 
production constraints presented on section 4 and considering his PC. The CI and PC are 
renewed each week, but are not allowed to use the CI and PC that were not used in the last 
weeks. 

After that, some confrontations are established and must be solved. The rules to solve the 
confrontations were presented on section 5. 

Now, the Murphy acts on the weekend and the rules are the same as presented for the 
Manager. He can move his URs and the established confrontations must be solved. 

However, for the Murphy, the analogy between wargame concepts and the industrial 
environment is quite different. For him, PC is the mobility to move his UR from one machine 
to another during a weekend and the CI are the losses imposed to the Manager in a 
confrontation. This is necessary in order to compare the Manager and the Murphy in a 
homogeneous basis, permitting the formulation of a mathematical model. 

2 
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7.EXAMPLE 

Consider a production plan to be accomplished in 4 weeks. The game begins on the first 
week and finishes on the fourth weekend. 

7.1. Goals 
The goal for the Manager is to reach and maintain, with one UR, after the end of the game, 

one position occupied by the cities of Sao Sebastiao do Cai (CAl) and Novo Hamburgo (NH). 
This corresponds to accomplishing completely the production plan. If only one of these cities 
remains occupied by a Manager's UR, at the end of the game, this corresponds to 
accomplishing partially the production plan. In both cases the Manager wins the game. 

The goal for the Murphy is to obstruct the execution of the production plan. If neither CAl 
nor NH remain occupied by Manager's URs at the end of the game, the Murphy wins and this 
corresponds to not accomplishing the production plan. Additionally, if a Murphy's UR remains 
occupying one position in Sao Leopoldo (SL), the Murphy has completely destroyed the 
production plan of the Manager. 

7.2. Start and Sequence of the Game 
At the beginning of the game, some Murphy's URs are occupying some positions on the 

manufacturing plant indicated with a black point - see figure I . Then, the game follows a given 
sequence, shown on the table 5. This table presents the URs received by the players in each 
period (workdays or weekends). These URs, received during the game, must enter on the 
southern border (Manager) or on the northern border (Murphy). 

Table 5. 
Units of Resources Received per Period 

MANAGER 

WORKDAYS or Quantity CI PC 

WEEKENDS 

Beginning of the game 

I 

2 
3 

4 

where: 
Quantity: 
CI: 
PC: 

06 2 12 
01 2 12 
02 2 12 

Quantity ofURs received in each period 
Capacity of investment of the URs 
Production capacity of the URs 

MURPHY 

Quantity CI PC 

05 2 12 

02 2 12 

02 2 12 
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7.3. Comments 
In this example, which intends to elucidate the practical use of this game, were described 

the goals for the Manager - to produce a given mix of products in four weeks - and for the 
Murphy - to block this action. 

To produce that mix of products - occupying CAl and NH - the Manager has, at his 
disposal, some resources - the URs - that he receives in the beginning of the first, second and 
third weeks. He needs to use these resources rationally in order to accomplish the production 
plan. 

In the second and fourth weekends, the Murphy receives reinforcements - the URs - that he 
can allocate in order to impose more resistance to the Manager. Notice that he receives some 
resources in the last weekend. This means that the Manager must complete the production plan 
in a solid manner, in order to refuse an unpleasant surprise- e.g. deterioration of the products 
in the dispatch area. 

8. CONCLUSION 

This game was used in teaching and its development was benefited from contributions 
presented by class colleagues. Some experiences have shown that the accomplishment of the 
goals for each player depends on strategic (accurate forecasting) and tactical (to define the 
short term actions with the available resources) plans. 

This game could be adapted to be useful in class, providing a new tool to design a 
manufacturing system model and its associated mathematical model. It could be also profitable 
to be used in a production planing and control training, giving a more simple mechanism to 
provide a better understanding of the managerial aspects. Finally, it could be suitable for cost 
management and performance measurement courses, if adapted to permit the identification of 
the resources consumed for each product during the productive process. 

The next steps in the development of this game include its implementation as a computer 
program, in order to allow an easy comprehension of its mechanism and to explore all its 
potentialities as a manufacturing system simulator. 
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