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NEEP 602 -- Engineering Problem Solving II

Exercise 7

Monte Carlo Integration
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This is a rather entertaining, and fairly intuitive technique for numerical integration.  As an example, consider a case where we want to determine the area of a quarter-circle.  This is integration in 2-variables.  We begin by drawing a box around this segment, as shown below.

We now choose a number of points within the box by first choosing a random number representing the distance traveled along the x-axis and subsequently choosing a random number representing the distance traveled along the y-axis.  These two numbers represent an (x,y) pair that locates a point within the square.  Doing this repetitively leads to a picture such as below.








If we assume that the area of the quarter-circle relative to the area of the square is determined by the number of points falling inside the circle relative to the number of points in the square, then we can write:




So we can approximate the integral by choosing a number of random points in the square, counting how many lie within the circle, and then plugging into this equation.  If it is easy to determine whether a random point lies within the circle, then this approach is easily implemented.  Monte Carlo techniques can come in very handy when doing multi-dimensional integrals of strangely-shaped objects.


This approach works fine when we just want to determine an area, but we must also find a way to handle more general integrals.  Suppose we want to determine an integral of the form:




In this case we choose points as before, but instead of just counting those points that are inside our region, we evaluate f(x,y) for each point and then calculate the average value of this function over all points.  This is a minor change to what we did above.

1. Determine the area of a quarter-circle using Monte Carlo integration and plot the error as a function of the number of points used.

2. Use Monte Carlo integration to estimate the integral below and compare to the solution returned by Matlab's quad and quad8 routines.


� EMBED Equation.3  ���
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