              

· Simulation: A technique that imitates the operation of a real-world system as it evolves over time.
· A simulation describes or predicts the characteristics of a given system under different circumstances. 

· Often consists of the repetition of an experiment many times to obtain an estimate of overall effect of certain action. 

· Usually need a computer.

· Will be used when the problem is too complex to be treated by analytical models or by numerical optimization techniques. 

Advantages

1. Simulation theory is relatively straight forward.

2. Simulation methods are easier to apply than analytical methods.

3. Simulation methods do not require us to make many simplifying assumptions, thereby allowing much greater flexibility in representing the real system. 

4. Simulation can handle an extremely wide variation in problem types.

5. Once a model is built, it can be used repeatedly to analyze different policies, parameters or designs. 

Disadvantages

1. An optimal solution cannot be guaranteed. 

2. Constructing a simulation model is frequently a slow and costly process. 

The Methodology of Simulation

1. Problem definition

· Examine and classify the real – world problem.

2. Construction of the simulation model

· Gather the necessary data.
· May use a flowchart to describe the process.

· If the simulation is to be conducted by a computer, a program is written.

3. Testing and validating the model

· Validation is needed to ensure that the simulation model properly imitates the system under study. 
4. Design of the experiment

· Determine how long to run the simulation and whether to consider all the data or to ignore the transient start-up data. 
5. Conducting the experiments

· Involves issues such as random number generation, stopping rules and derivation of the results. 

6. Evaluating the results

· Evaluate the results: “What do the results mean?”

· May use “ What –if questions”

7. Implementation

· Implement the simulation results. 



 








                  Methodology of Simulation
Types of simulation

Probabilistic Simulation

· One or more of the independent variables is probabilistic: It follows a certain probability distribution.

1. Discrete distributions

· Variables can only take a finite number of values.
Ex:

	Daily Demand (Units)
	Probability

	5
	0.1

	6
	0.5

	7
	0.4


2. Continuous distributions
· Variables can take an unlimited number of possible values.

Ex: 

Daily demand is normally distributed with mean of 7 and a standard deviation of 1.2
                            [image: image1.jpg]


  Daily demand
Time dependent and time independent simulations
Time independent

· Refers to a simulation where it is not important to know exactly when the event occurred.

Ex: The demand is 3 units per day.

Time dependent

· Refers to a simulation where the precise time must be known when the event occurred. 

Ex: In queuing problems: arrival time.

The Monte Carlo Methodology
· The Monte Carlo method is used to generate simulated values of variables from a given distribution by use of random sampling ----( used in the process of probabilistic simulation

Uniform distribution

· Each value of the variable has exactly the same chance of occurring. 

Ex:

	Demand (Units/day)
	Probability

	3
	0.25

	4
	0.25

	5
	0.25

	6
	0.25


Random Number (RN)

· RN is a number picked, at random, from a population if uniformly distributed numbers. 

· Each number has an equal probability of being selected from the population.

· RN can be arranged in various ways. 

Ex:
Decimal:
 .62, .0955, .344

Single digit:    0, 3, 5, 9

Two digits:     10, 12, 59, 00

Three digits:   114, 000, 999, 532
 The Monte Carlo process

· Involves 4 steps


Step 1                              
Step 2                            



                                           Step 3
Step 4 






     
The Tabular Approach 

1. Construct the Cumulative Probability 
    Distribution 

	Length of service (minutes)
	Probability

	3
	.156

	4
	.287

	5
	.362

	6
	.195


2. Assign a range of RNs

· Use the cumulative probability as a guide to assign a range to every value of the variable. 
· The assignment of representative numbers must be such that the proportion of the various values of the variable is maintained. 

	Service Time
	Prob.
	Cumulative Prob.
	Range of RNs.

	3
	.156
	.156
	

	4
	.287
	.443
	

	5
	.362
	.805
	

	6
	.195
	1.00
	


3. Generate a RN

· A random number may be selected in several ways. We will use a table of random numbers. 

4. Predict a specific value if the variable of interest

· This is to take a random observation.
· Take the generated RN and find the range in which this number falls.
· Get the value of the variable according to the range in which the RN falls.

The Graphical Approach

1. Construct the Cumulative Probability    

    Distributions

	Length of service (Minutes)
	Probability
	Cumulative Probability

	3
	.156
	.156

	4
	.287
	.443

	5
	.362
	.805

	6
	.195
	1.00


2. Generate a random number 

· Suppose we get a RN of 782 ---( 0.782

3. Project the value of the variable 

· Locate the RN on the cumulative probability axis.
· Go horizontally to the cumulative probability.
· Turn downward, go vertically until the “service time” axis is reached.

· Read the value of the variable.
 Cumulative Probability 


        
                      RN = 0.782



       
       
            0      1       2       3        4       5        6             Service time

Simulation Experimentation

· There are eight steps:

1. Describe the system and obtain the probability distribution of the relevant element of the system.

2. Define the appropriate measures of system performance. May write it in the form of an equation.

3. Construct cumulative probability distributions for each of the stochastic elements.

4. Assign representative numbers in correspondence with cumulative probability distributions. 

5. Take a random sample. (Generate a number at random or pick one fro, a table of RNs.)

6.  Derive the measures of performance and their variances. 

7. If steady-state results are desired, repeat steps 5 and 6 until the measures of system performance stabilize. 
8. Repeat steps 5-7 for various managerial policies and decide on the appropriate managerial policy. 

Simulation with Continuous Probability Distributions

· Probability density functions of variables are continuous. 

· Generate random values from continuous distributions.

The Graphic Method

1. Plot the cumulative probability function.
2. This method can be used for many distributions.

3. Obtain a random number and put a decimal point 
    in front of the number.
4. Go to the cumulative probability axis and find the

    value of a random number after putting a decimal  

    point. 
5. Draw a horizontal line over to the cumulative 
    function until the line hits the curve. 

6. Make a 90˚ turn and go straight down to the 
    random observation axis.

7. Read off the desired value which will be the 
    random value of the variable of interest.
Cumulative Probability




                                     Continuous Function
                                                                 

Use of a Formula

· If we can write the equation of the cumulative distribution function, then we are able to generate random variables from the equation.

1. We construct a cumulative distribution function.

                       F(x)  =   P(X< x)

                      X = the random variable
2. Generate a random number between  0 and 1 .
3. Set F(X) = RN  and solve for X .
Ex: 
The exponential distribution is extensively used in waiting line problems. 

The density function is: 

                      f(t)  =  
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                    t =  time
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 =  the mean arrival rate


The cumulative distribution function is:
    F(t)   =   
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Step 1:  F(t)   =   
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             Given   
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 =  6  /hour
Step 2: Generate RNs

Suppose we get:   828, 135, and 619



              0.828, 0.135, 0.619

Step 3:         F(t)  =  RN   =   
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t    =  ln(0.828)       
                                   t     =     -ln(0.828) /6

                                         =  0.03146  hr.

             Therefore,     

                                   t  =  
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Use of Tables: Normal distribution 

Ex: 
Consider service time that is normally distributed with mean 
[image: image16.wmf]m

 = 100 sec. and standard deviation 
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 = 10 sec. 

Step 1: Generate RN.
            Assume 695 is selected.

Step 2: Put the decimal point in front of the RN. 



0.695

Step 3: Use the table of the area under the normal  

            curve.
From the table, look for the value of Z which gives the area of 0.695.

        We get Z = 0.51

        That is  P(Z ≤ 0.51)  =  0.695
         We know that  Z  =  
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  Therefore,     X  =  
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 +  Z
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                       X  =  100 + 0.51(10)
                            =  105.1  sec.
Real-world problem 
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