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Abstract: Industries and organisations have used various tools over the years to solve their problems in the future. The interpretation of historical data poses problems to experts, who can easily see different sides to the story.  Thus the problem of what to do next with or without data is always - and will remain always something to solve for pundits or others! This problem gets worse when other indeterminate and unexplainable variables get into the picture. Simulation can sometimes be seen rightly or wrongly as a solution to these problems. With the proliferation of computer systems, easy to use simulation systems are available in the market. But are they being used properly or effectively, or worse still wrongly? This paper looks at these issues and proposes the system for the future.



	THE NATURE OF SIMULATION 

Simulation attempts to mimic systems that are in existence or not in existence. The existing or non-existing systems can be investigated by modelling them. At present there are various computer simulation tools available to the user that makes simulation easier to use.

Typically simulation can be seen as a way of looking at:

1. Design of new or modified factories and factory layouts

2. Answer 'what if? '  questions, for example "What would happen to the cycle times if a machining centre broke down?"

3. Accommodate random or seasonal variations / fluctuations

4. When is it possible to do something or not?

There are ample examples of published studies in simulation. Some examples of simulation are:-

Rapid prototyping [Aluru et al 2001], 3 D modelling [Fröhlich et al, 2000], cutter path simulation [Huang et al 2000], fluid flow simulation [Patnaik et al, 2000], robot program generation [Sivayoganathan & Al-Dabass 1999], computer vision [D'Sousa et al 1999], assembly [Sze & Lee 2001], inspection [Fröhlich et al 2000], traffic studies [Owen et al 2000], disease propagation [Newman and Watts 1999], and warehouse simulation [Forcinio, 2000]. It can be seen that it is quite popular in academic and industrial circles.
	Further, simulation can be seen as an aid for a variety of tasks. For example in:- Training, understanding of complex concepts, presentation of complex programmes, risk reduction, reducing set-up time, and reducing time to market goods and services.

WHEN IS SIMULATION THE APPROPRIATE TOOL? 

Banks et al [Banks et al 1996] suggest that simulation can be used for the following purposes:

1.  Simulation enables the study of and experimentation with the internal interactions of a complex system, or of a subsystem within a complex system.

2.  Informational, organisational and environmental changes can be simulated and the effect of these alterations on the model’s behaviour can be observed.

3.  The knowledge gained in designing a simulation model may be of great value toward suggesting improvements in the system under investigation.

4.  By changing simulation inputs and observing the resulting outputs, valuable insight may be obtained as to which variables are most important and how the variables interact.

5.  Simulation can be used as a pedagogical device to reinforce analytic solution methodologies.




	6. Simulation can be used to experiment with new designs or policies prior to implementation, so as to prepare for what may happen.

7. Simulation can be used to verify analytic solutions.

The advantages of using simulation are [Pegden et al 1995]:

1.  New policies, operating procedures, decision rules, information flows, organisational procedures, and so on, can be explored without disrupting the system.

2.  New hardware designs, physical layouts, transportation systems, and so on, can be tested without committing resources for their acquisition.

3.  Hypotheses about how or why certain phenomena occur can be tested for feasibility.

4.  Time can be compressed or expanded allowing for a speed up or slow down of the phenomena under investigation.

5.  Insight can be obtained about the interaction of variables.

6.  Insight can be obtained about the importance of variables on the performance of the system.

7.  Bottleneck analysis can be performed indicating where the work in process, information, materials,  and so on, are being 
	excessively delayed.

8.  A simulation study can help in understanding how the system operates rather than how individuals think the system operates.

9.  “What if ”  questions can be answered. This is particularly useful in the design of new systems.

The disadvantages of using simulation are [Pegden et al 1995]:

1.  Model building requires special training. It is an art that is learned over time and through experience. Furthermore, if two models are constructed by two competent individuals, they may have similarities, but it is highly unlikely that they will be the same.

2.  Simulation results may be difficult to interpret. Since most simulation outputs are essentially random variables (they are usually based on random inputs), it may be hard to determine whether an observation is the result of system interrelationships or randomness.

3.  Simulation modelling and analysis can be time consuming and expensive. Skimping on resources for modelling and analysis may result in a simulation model or analysis that is not sufficient to the task.

4.  Simulation is used in some cases when an analytical solution is possible, or even preferable. This is particularly true in the simulation of some waiting lines, where closed-form queuing models are available.
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	Figure 1: Simulation in GRASP from BYG Systems


	STEPS IN SIMULATION

Banks et al [1996] propose the following steps:

1. Problem formulation

2. Setting objectives and overall project plan

3. Model conceptualisation

4. Data collection

5. Model translation

6. Verification

7. Validation

8. Experimental design

9. Production runs and analysis

10. Additional runs

11. Documentation and reporting

Explanation of the steps

Initially a statement of the problem in simple language, so that everybody understands it. This to be followed by the objectives of the study. At this point a decision has to be made whether simulation is appropriate. Modelling will involve abstraction of essential features of the problem. At this stage involvement of the user will help in making the model reflect reality. 

The data collection and possibly formulation to input to the model is another important step in simulation. This also could be used to validate the model. The use of a chosen software of system would require the translation of the model as appropriate to input into the simulation system. The verification step is to test if the model performs as it is expected to. Validation of the model is to ensure that accuracy of representation. The data collected could be used to test this. For the study to be conclusive, the alternatives to be simulated have to be determined, preferably using experimental design methodologies. Production runs and analysis will follow, with the documentation and reporting to conclude the study.

WHAT ARE THE PROBLEMS WITH SIMULATION?

If the chosen problem is not appropriate to simulation, then lots of energy and time will be wasted, especially if there are better and effective methods to solve the problem. How do you find if simulation is appropriate to the problem at hand or if a simpler solution is available? 

Modelling - how good is the model? In other words does the model mimic reality?  Is the model too simplified or too complicated that it
	does not reflect reality? If a futuristic system that has no relevant data is to be modelled, what steps do you take? How do you verify and validate such a system?  

Choice of simulation system is probably less of a problem than others mentioned here. Still how to ensure validity and verification is satisfactory?  Can the data generated be used in other decision making or scheduling systems?

IMPROVEMENTS

There are many simulation software systems that are available today. Some have interfaces, which could then be used to connect to or exchange data with other software. For example MRP II and ERP systems can use simulation output to optimise their output. 

Simulation output can be used by an expert system, which can then automatically determine the next task, improvement or modification to be simulated. The histories can be automatically reported as is necessary.

DISCUSSION

It is not unusual to find a simulation package that is capable of performing a simulation task - irrespective of the nature of the task. But it is difficult to find a system that can intelligently carry out simulation, probe into areas that should be and disregard the areas that need not be counted. It is also difficult to find a system that is integrated with knowledge based systems that can provide appropriate advice and direction while acting as a tutor. In short what is needed is an intelligent simulation system that optimises the tasks for the future and provides solutions to the set objectives.
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