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NEEP 602 -- Engineering Problem Solving II

Exercise 8

Monte Carlo
Automating Monte Carlo Integration

We discussed Monte Carlo integration in Exercise 7. To make this process more efficient, it is useful to write a macro in Visual Basic for Applications (Excel) or an m-file in Matlab. To use VBA, start Excel and then start the VB Editor by clicking on Tools/Visual Basic Editor. This starts a separate application for editing VB macros. To create a blank page for macros, click on Sheet1 (Sheet1) in the left bar and then click on the Insert/Module in the menus. Now type the following in the blank page.

Function circarea(n)

s = 0

For i = 1 To n

    x = 2 * Rnd

    y = 2 * Rnd

    If x ^ 2 + y ^ 2 < 4 Then s = s + 1

Next

circarea = s / n * 4

End Function

Now you can go to the spreadsheet and put the number 10000 into cell A1 and then in cell B1 you can type =circarea(A1). This will compute an approximation for the area of a circle using Monte Carlo techniques.


Using Matlab, the following m-file will repeat the same calculation.

n=10000;

x=2*rand(n,1);

y=2*rand(n,1);

s=0;

for i=1:n

   if (x(i)^2+y(i)^2)<4

      s=s+1;

   end

end

area=s/n*4

Evaluating Uncertainty

In engineering we are constantly faced with uncertainty. We must be able to calculate results when the inputs are uncertain and be prepared to make decisions based on the likely outputs resulting from these uncertain inputs. For example, if we are designing an airplane wing and measurements of the fatigue strength of the material used for the wing provide a set of data with an average and standard deviation, then we must be able to choose the allowable loads for the design such that we have an adequate confidence that there will not be a catastrophic failure of the wing. Therefore, we need to understand the impact of the uncertain input data on the lifetime of the wing.


As a simple example of this, let's assume that we are interested in some parameter S, which is a function of an uncertain input parameter z according to:

[image: image1.wmf])

1

(

1

2

z

S

+

=


If we assume that z varies randomly between 2 and 5, then S will vary randomly between 0.19 and 0.45, but the distribution will not be uniform. To simulate the probability distribution for S, given the assumed distribution for z, we can do the following:

1. generate a set of random values for z, varying between 2 and 5

2. for each random z value, generate a corresponding value for S using the above formula

3. generate a probability distribution for S using a histogram

To carry this out in Excel, open a blank sheet and then type =3*rand()+2 in cell A1. Then type =1/sqrt(1+A1^2) in cell B1. Then copy these formulas down until you have 100 points. Now create a histogram by going to Tools/Data Analysis and then clicking on the histogram entry in the list. (If Data Analysis isn't in your Tools menu, go to Tools/AddIns and then load the Analysis Toolpak.) Now just enter B1:B100 into the Input Data box and then hit return to evaluate the result. This will give a list of values like the following:

	Bin
	Frequency

	0.197695
	1

	0.222331
	17

	0.246968
	14

	0.271605
	15

	0.296241
	17

	0.320878
	5

	0.345514
	7

	0.370151
	9

	0.394787
	2

	0.419424
	10

	More
	3


This indicates that of our random S values, 1 was 0.197695 or below, 17 were between 0.197695 and .222331, etc. The last number indicates that 3 values were greater than 0.419424.

To repeat the calculation in Matlab, you can use the following m-file:

n=10000;

z=3*rand(n,1)+2;

s=1./sqrt(1+z.^2);

[m,x]=hist(s,100);

plot(x,m,'o')

For additional exercises, try the following:

1. Create a set of z values that have the same standard deviation and average as the above distribution, but that has a normal distribution (like a bell-curve).

2. Plot the histogram for z.

3. Now plot the histogram for S.

� EMBED Equation.3  ���
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