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CONCEPT 


This module will introduce you to simulation and its use as an analysis and design tool.


OBJECTIVE 


At the completion of this module you will be able to do the following:


Define simulation.


Define system, model and experiment.


Describe the uses of simulation.


Illustrate and solve a simple simulation problem. 


SCIENCE PROCESS SKILLS 


�
Defining


Describing


Illustrating


Hypothesizing


Experimenting and Observing


Collecting Data


Interpreting Data


�
AAAS SCIENCE BENCHMARK 


�
3A:  Technology and Science


1B:  Scientific Inquiry


2B:  Mathematics, Science, and Technology


11B:  Models


8E:  Information Process


12C:  Manipulation and Observation�
�SCIENCE EDUCATION CONTENT STANDARDS (NRC)


�
Grades 5-8: 


Scientific explanations


Use appropriate tools, techniques, and analyze data


Construct models and experiments


Grades 9-12:


Scientific explanations


Use technology to improve investigations and communication


Recognize and analyze alternative explanations and models�
STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.9, 1.1.10, 1.1.11, 1.1.13, 1.1.14, 1.1.15, 1.1.16


Grades 9-12:	1.1.20, 1.1.21, 1.1.22, 1.1.23, 1.1.24, 2.1.14, 2.1.15


WHAT IS SIMULATION?


Simulation may be defined as the process of conducting experiments on a model of a system in lieu of either  (1) direct experiment with the system itself or (2) direct analytical solution of some problem associated with the system.


Simulation must be treated as a statistical experiment. The results obtained from running a simulation model are observations that are subject to experimental error. This means that any inference regarding the performance of the simulated system must be subject to all the appropriate tests of statistical analysis.


A simulation system differs from a regular laboratory experiment in that it can be conducted totally on the computer. By expressing the interactions among the components of the system as  mathematical relationships, we are able to gather the necessary information in very much the same way as if we were observing the real system. 


WHAT IS A SYSTEM,  MODEL  & EXPERIMENT? 


A system is a set of objects united by some form of interaction or interdependence. A model is a representation of the real system. An experiment is the process of observing the performance of either the system or its model under certain conditions. 


A simulation model seeks to ‘duplicate’ the behavior of the system under investigation by studying the interactions among its components. The output of a simulation model is normally presented in terms of selected measures that reflect the performance of the system.  


For example, in the simulation of a drive-in bank operation, we may be interested in estimating the average waiting time per customer, the average number of waiting customers, and the percentage of time the facility is idle.


USES OF SIMULATION 


When we develop a mathematical model of a system, our primary goal is to find a solution from the model. As models become more complex, their solutions using either mathematical or numerical techniques may become impractical. In these cases, simulation is used to derive solutions to the models. In fact, simulation methods are used more broadly than in deriving solutions to the models. For example, simulation is often used to observe the behavior of a system under varying conditions or to gain an understanding of the relationships among components of the system.


Simulation has been used to analyze problems of two distinct types:


Theoretical problems in basic science areas such as mathematics, physics, and chemistry.


Estimation of the area enclosed by a curve, including the evaluations of multiple integrals.


Matrix inversion.


Solutions of partial differential equations.


Study of movement of particles in a plane.


Study of particle diffusion. 


Solution of simultaneous linear equations.


Practical problems in all aspects of real life.


Simulation of industrial problems (e.g., design of chemical processes, inventory control, design of distribution systems, maintenance scheduling, designing of distribution systems, maintenance scheduling, design of queuing systems, job-shop scheduling, design of communication systems).  


Simulation of business and economic problems (e.g., operation of total firm, consumer behavior, evaluation of proposed capital expenditures, price determination, market processes, study of national economies under problems of recession and inflation, development plans balance of payment policies in underdeveloped economies, economic forecasting).


Behavioral and social problems (e.g., population dynamics, individual and group behavior).


Simulation of biomedical systems (e.g., fluid balance and electrolyte distribution in the human body, modeling of the brain, blood cell proliferation).


Simulation of war strategies and tactics. 


SIMULATION EXPERIMENT 


You are the chief industrial engineer in a mechanized manufacturing firm that manufactures automobile parts. You have a set of machines which have equal likelihood of breaking down per hour. At any given time, either none or one of the machines break down. Half of the breakdowns require 1 hour and 30 minutes to repair, and the other half require 2 hours and 15 minutes to repair. For each minute a machine is out of service, your company loses $1. Repairmen for these machines are paid $6 per hour, whether or not the repairmen are working. Only one repairman may work on a given machine at a time. 


OBJECTIVE 


Your objective is to determine the number of repairmen that you should employ in order to minimize total costs. Remember if you come out with incorrect conclusions your company could suffer losses worth several thousands of dollars and you will not be the chief industrial engineer for long.


All the best!


STEPS TO BE  FOLLOWED 


Simulate the performance of this machine-repairman system for a period of 10 hours as is discussed bellow.


First, perform the simulation with one repairman and measure the resulting total cost; then use two repairmen and measure the resulting total; and so on.


The equation for calculating total cost for various numbers of repairmen, based on a 10-hour simulation, is:


TCk  =  ($6)(10)(k) + ($1)(DT) �where TC = total cost�k = number of repairmen employed�DT = number of minutes of machine breakdown  


Obtain a value of TC for several different numbers of repairmen and select the policy that results in lowest TC.


PROCEDURE 


Take two coins. Flip coin 1 and if it comes up tails, assume that no machine broke down.


If the coin comes up heads, assume that one machine broke down.


If a machine breaks down, flip coin 2 to determine whether the repair time is 1.5 hours(tail) or 2.25 hours(head).


Tabulate your results for each hour as shown in the tabular model on page 5. 


Notice that one repairman should be able to handle the job since, on the average, only one machine is breaking down each 2 hours and the average repair time is only 1.875 hours. With one repairman, however , you are taking the chance that several machines will break down in a short period of time or that several will require a long repair time, causing avoidable waiting time and increasing the cost.


Tabular Model for Simulated Machine Repair System


Hour  Of Opera-Tion�
Coin1


�
No. Of Break-Downs�
Coin2�
Repairtime�
Start Repair�1 Man�
Start Repair�2 Men�
End Repair�1 Man�
End Repair�2 Men�
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Avoid-Able Waiting Time�2 Men�
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 CONCLUSIONS 


As is seen in above model, we find that with one repairman there are 1.5 machine-hours of avoidable waiting time. This brings the cost of machine waiting time to $90 and the cost of one repairman to $60, amounting to a total cost of $150.


With two repairmen there is no waiting time in our simulated example. Hence the total cost would be the cost of the two repairmen that is $120.


Although three repairmen were not considered, their cost would have been $180.


These results indicate that two repairmen should be hired. 
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