
Project 22 Probably

Objectives: Learn simulation for probability problems.
Outcome:

• Functions that simulate some basic probability problems.

1. Back to MATLAB

1. Start up MATLAB. Remember to set your directory to My Documents

2. Brief Background

1. Random numbers: Remember rand and randn? Recall if you want a random integer in some range, let say between A and B
then you’d use x = A + floor((B-A+1)*rand(1).

2. Probability: The basic idea is to find all the possible outcomes, separate our the desired outcomes and then look at the ratio
between the number of desired outcomes with the total number of outcomes. If all outcomes are equally likely, then this ratio is
the probability of one of the desired outcomes happening.

3. In many problems it is difficult to either form all the possibles or to count the possibles or the desired outcomes, so a nice
alternative is to use computer simulation. To do so you basically perform the random event over and over, counting the number
of tries and the number of successes. The ratio of these two, approximates the true probability.

For example, we can simulate the flipping of a fair coin N times and count the number of heads by

heads = 0;
for i = 1:N % N flips

if rand(1)>0.5 % fair coin, so 50% of time this would be true
heads = heads + 1;

end
end
disp(heads/N) % the approximate probability

3. To Do and Turn In

1. There are 3 probability based problems below, you should write functions for at least TWO of them. You’ll also write a script
that runs your functions, capture the results in a diary file, etc.

2. Geometric Probability: If you have region A in the plane and it contains region B then the probability of a point randomly chosen
in A also being in B is the ratio of the area of B to the area of A. In particular, if you randomly pick a point (x, y) in the unit
square, i.e. 0 ≤ x, y ≤ 1 then the probability that x2 + y2 ≤ 1, i.e. in the quarter circle, is exactly π

4 .

Write a function that take the number of trials N as input and then produces N random points in the unit square, counts the
number in the quarter circle, and returns the ratio of the number in the quarter circle to the total number. The answer should
approximate π

4 for large N .

3. Lottery: Consider a simple Pick 3 lottery. You pick 3 numbers between 1 and 10, repeats allowed. Then a computer generates 3
numbers and if they all match, you win.

Write a function that takes the number of trials N and your 3 numbers as input and then simulates N generation of 3 numbers,
counting the number of times you win. The function should return your winning ratio.

As an optional feature, have it count the number of times you only match one number and the number of times you only match
two numbers and return those ratios as well.

4. Genetics: When two organisms reproduce their genetic codes are combined to produce the genetic code of their offspring. Consider
a simple code of 8 genes, each is either 0 or 1. When two such genes are combined, the resulting code is determined by randomly
choosing from one of the parents for each slot, i.e. 50% chance you’ll get it from dad, 50% you’ll get it from mom, plus there is
a low (1%) chance of some mutation, i.e. it’ll switch to the opposite.

Write a function that takes the number of trials (offspring) N and the genetic codes for the parents and then generates N offspring
using the above scheme. Assuming 1s are good and 0s are bad, count the number of offspring with 6 or more ones or 2 or less
ones and report the ratios. As a hint, here’s some code to do the ’reproduction’ (PG-13 version) Assume dad and mom are arrays
of length 8 containing only 1s and 0s:

for i = 1:8
if rand(1)>0.5 % each parent equally likely

child(i) = dad(i);
else

child(i) = mom(i);
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end
if rand(1)<0.01 % chance of mutation

child(i) = 1 - child(i); % converts 1 to 0, 0 to 1 (check it out)
end

end
score = sum(child); % counts number of 1s

5. Write a script that runs your functions with appropriate input and for a large number of trials. Capture the results in a diary
file.

6. Submit your script, functions and your diary file.

7. As always, when you are done, please fill out the survey.
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