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Problem overview

Let's begin by learning about a simple model problem. This problem was selected because it is
embarrassingly parallel, meaning that nearly all the computation it requires can separated into
segments of work that can be done completely independently of one another. While many
important problems do not have this property, some do, and it gives us a good way to focus on the
various types of parallelism.

Suppose we want to compute an estimate of , the ratio of the circumference of a circle to its
diameter. As you probably know, the area of a circle of radius r is computed by 4 = /2. A circle
with = 1 is called the unit circle and has area 7, so the area of one fourth of the unit circle is just

m/4. Below on the left we see a unit square, that is a square with sides of length one, with an
embedded quarter unit circle. On the right is the same figure with 500 random points plotted within
the square.

1 1

0 1 0

The ratio of the number of points inside the quarter circle to the total number of points in the square
should ideally be the same as the ratio of the area of the quarter circle to the area of the square.
This would mean

7 =4 (number of points in circle) / (number of points in square)

which gives us a reasonable way to estimate 7. The more random points we generate, the better
our estimate will be. Generating random points in the unit square is easy; many pseudorandom
number generators (PRNGs) return values in the interval [0,1) which is just what we need. The
point (x.y) will be inside the unit circle if x2+)? < 12, Pseudocode for the algorithm is

count = 0

for i = 0 to number_of_samples - 1 do
X = random value from [0,1)
y = random value from [0,1)

if x * x + y * y <1 then
count = count + 1
endfor
estimate of_pi = 4 * count / number_ of_ samples

As already noted, the more points we generate, the better our estimate will be. This is a natural
place to exploit parallelism since the generation of each point is independent of the generation of all
other points. We can create separate tasks that each compute a number of points and count the

number within the circle, then add all of these together before estimating .
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