[image: image1.wmf]m

j

1

=

P

Case Study 54       Generating Random Variates

[image: image2.wmf]å

=

-

=

k

j

j

k

n

f

n

k

1

2

2

)

(

c

Generating Random Variates
[image: image3.wmf]þ

ý

ü

î

í

ì

-

+

-

-

-

»

-

-

-

)

1

(

9

2

)

1

(

9

2

1

)

1

(

1

2

1

,

1

k

z

k

k

k

a

a

c


Problem Description

Simulating a system that has any random aspects at all must involve sampling, or generating random variates from a probability distribution. Generating a random variate means obtaining an observation on a random variable from a desired distribution. The aim of this project is to demonstrate how to build a random number generator and provide statistical tools to test its performance. We will use the Chi-square test and plots to check the performance of the generators.  

We provide algorithms to generate random numbers from the following distributions: uniform (discrete and continuous); exponential; normal; Weibull; m-Erlang; and triangular. To learn more about how to generate random variates, we refer the students to Law and Kelton (2000). Note that the very first step for all the generators we present is generating a random number IID and U(0,1). The students are suggested to use the Excel function rand() to generate random numbers. 
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User Interface
1. Build a welcome form.
2. Build a data analysis form. The following are suggestions to help you design this form. 
a. Insert a frame that includes seven option buttons. The option buttons enable the user to choose whether to generate a stream of numbers from uniform (discrete or continuous), exponential, normal, Weibull, m-Erlang, or triangular distribution. Depending on the choice of the distribution, a number of text boxes appear where the user types in the parameters of the distribution. For example, if the user wants to generate a stream of random numbers from the uniform continuous distribution in the interval [2,5], the user has to specify that the parameters for this distribution are a = 2 and b = 5.      
b. Insert a text box where the user types in the total number of random numbers to be generated (n).
c. Insert a check box that enables the user to choose whether to perform the Chi-square test to check the performance of the generator. 
d. Insert a command button that, when clicked on, generates the random variates from the distribution selected by the user.
3. Build a form to allow the user to open the reports described below. Use option buttons.
Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Report streams of 30 random variates generated using the algorithms described above.

2. Report the result from the Chi-square test for each stream.

3. Plot the stream of random variates generated.

Reference
Law, A.M., Kelton, W.D., “Simulation Modeling and Analysis.” 3rd Ed., McGraw-Hill, 2000.


















































































































































































Continuous Uniform: U(a,b) 





For i = 1 to n


 Generate Ui ( U(0,1)


 Xi = a + (b - a) Ui


 i = i + 1


End i





Discrete Uniform: U(a,b) 





Calculate p = 1/(b–a+1) 


For i = 1 to n


  Generate Ui ( U(0,1)


  For j = 1 to b-a+1


  If Ui ( j*p 


     Xi = a-1+j 


	    j = b-a+2


  Else 


j = j + 1


  End j


         i = i + 1


     End i





Exponential: Exp(b) 





     For i = 1 to n


 Generate Ui ( U(0,1)


 Xi = -b*ln(Ui)


 i = i + 1


     End i





m-Erlang: m-Erlang(b) 





     For i = 1 to n


 Generate Ui1, Ui2, …, Uim as IID and U(0,1)


 Xi = -(b/m)*ln(� EMBED Equation.3  ���Uij)


 i = i + 1


     End i





Standard Normal: N(0,1)





     For i = 1 to n


 S1: Generate Ui1 and Ui2 as IID and U(0,1)


       V1 = 2*Ui1 – 1


       V2 = 2*Ui2 – 1


       W = V12 + V22


       If W > 1 


	    Go to S1


       Else 


             Y = sqrt((-2*ln(W))/W)


	    X i  = V1*Y


	          X i+1 = V2*y		 


             i = i + 2


    End i





Weibull: Weibull(a,b) 





     For i = 1 to n


 Generate Ui ( U(0,1)


 Xi = b*(-ln(Ui))1/a


 i = i + 1


     End i





Normal: N((,(2) 





     For i = 1 to n


 Generate Ui ( N(0,1)


 Xi = ( + Ui*(


 i = i + 1


     End i





Triangular: triang(a,b,c) 





     For i = 1 to n


 Generate Ui ( U(0,1)


 Z = (c-a)/(b-a)


 If (Ui ( Z)


Xi = sqrt(Z*Ui)


Else


Xi = 1 - sqrt((1-Z)*(1-Ui))


   Xi = a + (b-a)* Xi


   i = i + 1


       End i





Empirical Test: Chi-square test





Ho: Ui are IID U(0,1)


Divide [0,1] into k sub-intervals of equal length


fj is the number of Ui’s in the jth interval 


Generate U1, U2, … Un 


Calculate	





�





� EMBED Equation.3  ���


If (� EMBED Equation.3  ���) we reject the Null Hypothesis (Ho)
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� EMBED Equation.3  ���
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