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1. Objetive

The objective is to practice the use of MATLAB random variables to better understand random
variables, distributions, and their use in engineering problems.

2. Bakground

A random variable x is a variable that can take any one of a set of values according to some
probability distribution. In this lab we will make things very simple (no integration, for example)
and suppose that random variables only take integer values so that in what follows, mention of x
without modifiers implicitly means x is considered to be a random integer variable. We use the
notation Pr(x = v) to denote the probability that x has value v. If V is the complete set of values
that x can take, we must have

∑

v∈V

Pr(x = v) = 1 (1)

which means it is certain that x takes some value from its allowed set V . If x takes all values in V
with equal probability, then we say that x is uniformly distributed over V . For example, if x
is uniformly distributed over V = {1, 2, ..., 1000}, then Pr(x = v) = 1/1000 for any 1 ≤ v ≤ 1000
and Pr(x = v) = 0 for any v < 1 and any v > 1000.

Two important parameters of distributions are the mean and the standard deviation. The mean
tells us something about the value we might expect for x the next time it is assigned a value. The
standard deviation tells us something about how close to the mean the next value is going to be.
The mean of x is defined as

µx =
∑

v∈V

v · Pr(x = v)

where we use µx as a shorthand representation of this sum in this and following labs. The standard
deviation is defined as

σx =

√

∑

v∈V

(x − µx)2Pr(x = v). (2)

Think of σx as the mean value of the random variable (x − µx)2. It is easy to see that if x has a
high probability of taking a value very close to µx, then σx is not going to be high.

It is straightforward to compute µx and σx if x is uniformly distributed between numbers a and
b (that is, V = {a, (a + 1), ..., (b − 1), b}). From equation (1) and the fact that there are b − a + 1
numbers in V , Pr(x = v) = 1/(b−a+1). Therefore, µx =

∑

v∈V v ·Pr(x = v) =
∑b

i=a i/(b−a+1).
The sum

∑b
i=a i written out is

a + (a + 1) + (a + 2) + ... + (b − 2) + (b − 1) + b (3)



To see what this is, just pair the left a with the right b to get (a + b), then pair the 2nd left (a + 1)
with the 2nd right (b − 1) to get (a + b) again. Pairing 3rd left and 3rd right terms gives (a + b)
again. If V has an even number of numbers, We can do this pairing (b− a + 1)/2 times, each time
adding (a + b). So, in total, we add (a + b) ∗ (b − a + 1)/2 if |V | is even. If |V | is odd, we get
(a + b) ∗ (b − a)/2 for the pairing total but there is a middle, unpaired term of (a + b)/2. Hence
the total for |V | odd is (a− b) ∗ (b− a + 1)/2 which is the same as for the case |V | even. Therefore,
the sum (3) is (a + b)(b − a + 1)/2 and

µx =
∑

v∈V

i

b − a + 1
=

(a + b) · (b − a + 1)

2(b − a + 1)
=

a + b

2
. (4)

In other words, µx is right in the middle of the range of values x can take.

What about the standard deviation? If x is uniformly distributed between a and b the standard
deviation, from equations (2) and (4), is

σx =

√

√

√

√

b
∑

i=1

(

(

i − b + a

2

)2

· 1

b − a + 1

)

A closed form equivalent expression can be worked out for σx as was done for µx. The result is
σx = |(b − a)|/

√
12.

Now, consider another distribution, called the geometric distribution. Consider an ordinary,
old outdoor gas grill that you might use once a year on July 4th to cook hamburgers. To light the
grill you need to press a ”starter” button which generates a spark that ignites the gas. Assume the
probability that the spark ignites the gas on a single press is 1/2 (that is, half the time you have
to try again). What is the probability that you have to press the starter n times before the grill
lights? In other words, what is the probability that the starter fails n − 1 times, then hits?

Let’s assume that ignition is an event that is statistically independent of previous presses of the
starter. If n is 1, the probability is obviously 1/2. If n is 2, the probability of a failure followed
by ignition is (1/2)(1/2) = 1/4. If n is 3 the probability of two failures followed by ignition is 1/8.
More generally, it’s 1/2n.

Now, say the probability that the starter ignites the gas on a press is p. Then the probability
that n−1 consecutive failures are followed by ignition is p(1−p)n−1. Let’s lay out these probabilities
consecutively on a line of length 1 (we can do this because the sum of all the probabilities must be
1: that is, Σ1≤n≤∞ p(1 − p)n−1 = 1).

Starting from the left we mark off distance p which is also 1− (1− p) as shown by the first tick
to the right of 0 in the figure below:

...

0

1 − (1 − p)

1 − (1 − p)2

1 − (1 − p)3

1 − (1 − p)4

...

1

Then we mark off an additional distance of p(1−p) which is placed a distance 1−(1−p)+p(1−p) =
1− (1− p)2 from 0 as shown by the second tick to the right of 0 in the figure. Next we mark off an
additional distance of p(1 − p)2 which is 1 − (1 − p)2 + p(1 − p)2 = 1 − (1 − p)3 from 0. Continue
this indefinitely.

Now, choose a random number from 0 to 1. Call it X. Find n so that 1 − (1 − p)n−1 < X ≤
1− (1− p)n. The probability that X takes such a value is p(1− p)n−1 which is the probability that



n− 1 failures occur before an ignition. Therefore, we can use a uniform random number generator
to produce random values as though they originated from a geometric distribution. However, to
more closely model reality, we are going to use the uniform random number generator to produce
random values that are real numbers instead of integers according to X = 1 − (1 − p)n. If you
negate both sides, add 1 to both sides, and then take the log of both sides you will be able to get
an expression for n in terms of X. This is

n = log(1 − X)/ log(1 − p).

In the above equation n is a random value and p is related to the mean of n, denoted µn. This
relationship is derived as follows:

µn =

∫ ∞

n=0

np(1− p)ndn ≈
∫ ∞

n=0

npe−npdn = −ne−pn |∞n=0 +

∫ ∞

n=0

e−pndn = − (1/p)e−pn |∞n=0= 1/p.

Since X translates to rand(1) in Matlab (it’s a random number between 0 and 1) this results
in an expression that is written in Matlab as follows:

n = log(1-rand(1))/log(1-p);

which has the same effect as

n = log(rand(1))/log(1-p);

since X and 1−X have the same probability of being generated by rand(1). In this lab the mean
of the distribution of n will be given as Mean instead of p. From the above, µn = 1/p, so the Matlab
expression becomes

n = log(rand(1))/log(1-(1/Mean));

The Matlab statement above will be used to generate random effects on neuron spikes, partic-
ularly in modeling neuron firings as though they are hard-to-start gas grills. But this week we will
stick to writing programs that assist in understanding probabilities.

For many applications the Gaussian distribution is the most important distribution available
to us. Avoiding the very complicated definition of the Guassian distribution, it suffices for this lab
to state the following amazing properties it has:

1. It is completely characterized by its mean and its standard deviation. In other words, all I
have to say is Gaussian with parameters µx and σx and you know exactly what distribution
I am talking about.

2. In most cases, the sum of a collection of random variables taken from any distribution, integer
or real-valued, tends to a Gaussian distribution.

It is the latter property, better known as the Central Limit Theorem, that makes the use and study
of Gaussian distributions so important. We will investigate this more closely in this lab.

3. Problems

There are five problems.

3.1 Uniform distribution

Write a MATLAB program that asks for a mean (µx) and then generates 1000 · µx random real



Figure 1: Output for problem 3.1. Figure 2: Output for problem 3.2.

values from the uniform distribution with a = 0 and b = 2∗µx. Use the MATLAB built-in function
rand to generate the values. Create an array v of buckets so that, at the end, v(i) contains the
number of values generated between the integer i, exclusive, and the integer i + 1, inclusive. Then
plot the result (the y coordinates are the numbers in v(i) and the x coordinates are bucket indices
i). Make sure the y axis takes a range of values from 0 to 1.2 times the maximum of v(i) over all
i. See Figure 1 for an example output where the mean was set to 100.

Beware: i of v(i) must be an integer and is related to the output of rand which is not an integer.
Something must be done to the value returned by rand to turn it into an integer. One possibility
is to do something this: i = floor(rand(1)*100).

3.2 Geometri distribution, disrete

Repeat problem 3.1 for the geometric distribution (gas grill starter distribution). However, the
inputs should be the mean and the number of samples to generate. Since random values can be
arbitrarily high in this case your program should ignore any values above four times the mean. For
this exercise you can use the following to generate random values (n):

s = 1;

n = 1;

while ~(1-s <= t && t < 1-s*(1-(1/Mean)))

s = s*(1-(1/Mean));

n = n+1;

end

Call the program geo disc and run it, for example, like this:

geo_disc(2,10000);

Output from the above is shown in Figure 2.

3.3 Geometri distribution, ontinuous

Repeat problem 3.2 except this time use the following for generating random values:

n = log(1-t)/log(1-(1/Mean));



Call the program geo cont and run it, for example, like this:

geo_cont(2,10000);

Output from the above is shown in Figure 3. Compare with Figure 2.

Beware: the n above is not an integer. This means you cannot do this:

v(n) = v(n)+1;

because a non-integer cannot index into a vector.

3.4 Gaussian distribution

Repeat problem 3.1 for the Gaussian distribution except the input should include standard devi-
ation. Example output is shown in Figure 4 for a mean of 100 and standard deviation 50. Use
the MATLAB function randn which generates a normal distribution with mean 0 and standard
deviation 1. To translate to a Gaussian distribution of mean µv and standard deviation σv use:

v = µv + σv · x

where x has a normal distribution, and v is distributed according to the Gaussian distribution with
mean µv and standard deviation σv.

Major hint: Just like before, where you used something like rand(1) ∗ 2 ∗ µx, now use σv ∗
randn(1) + µv.

Major hint: randn(1) gives a value from minus infinity to plus infinity. Therefore the vector you
are keeping statistics in will never be able to hold all the values generated. The solution is an if
statement that check random values before you attempt to store them. For example,



Figure 3: Output for problem 3.3. Figure 4: Gaussian: µv = 100, σv = 50.

Figure 5: CLT: 100 values, µv = 10. ¡ Figure 6: CLT: 10 values, µv = 100.

if rand_value > 2*mean

high = high + 1;

elseif rand_value < 1

low = low + 1;

else

v(rand_value) = v(rand_value) + 1; % This is where the stats are kept

end

...

disp(’[High error=’ num2str(high/npts) ’ low error=’ num2str(low/npts)]);

3.5 Sum of uniformly distributed values

Repeat problem 3.1 except this time each recorded value is the sum of values of uniformly dis-
tributed random values. Input from the user should be the number of values to sum and the mean
of each of those values. Make several runs and generate graphs such as those shown in Figure 5,
where the number of values summed is 100 and the mean of each value is 10, and Figure 6, where
the number of values summed is 10 and the mean of each is 100. Observe that for larger means
the distribution of the sum approaches that of a Gaussian distribution. Experiment to find the
relationship between the mean and standard deviation of the resulting Gaussian distribution and
the number of values summed and their means.

Major hint: You might need an outside for loop to run the experiments and an inside for loop to



sum a bunch of random variables.

4. Coding Help

At the MATLAB prompt type ’help rand’ and ’help randn’ to get help on using the uniform
and Gaussian random number generators. The function rand returns a number between 0 and 1.
If you need a single uniform random number, say r, between numbers a (low) and b (high) use ’r

= (b-a)*rand(1)+a;’. But r will not be an integer. If r must be an integer between integers a

and b, inclusive, use ’r = floor((b-a+1)*rand(1))+a;’. The function randn returns a Normally
distributed random value with mean 0 and standard deviation 1. To create Gaussian values with
mean m and standard deviation s use ’r = s*randn(1)+m;’.

In problems 3.1-3.5 you will need to keep track of the number of trials with values in particular
intervals. This can be done with an array. You can initialize the array, say stats of n elements,
to all zeros using something like this: ’stats = zeros(1,n);’. Then, if a trial has a real value v,
you can do something like this: ’stats(floor(v)) = stats(floor(v)) + 1;’. When finished,
you can ’plot(stats)’.

When plotting, you can set the limits on the x and y axis printed using the axis function. Use
’help axis’ to see how to do this.

Although problems 3.1-3.5 require five separate pieces of code, there is little difference between
them. Moreover, the number of lines of each piece, including all input, end, plot, axis, and so
on, statements, should be no greater than 20.


