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2. Discrete random variables
Problem 1. A random experiment consists on rolling a six-face die. Assume that the
probability of each face is proportional to the number shown on it. The result of the roll is
denoted by random variable X.
1. Describe the distribution of X.
2. Compute E[X], Var[X], and σ(X)
3. Compute the expression of the cumulative distribution function of X and represent it
graphically.
4. Compute the probability of obtaining an even number. What is the probability of
obtaining an odd number? We roll the die twice, what is the probability of obtaining
an even number at the first roll and an odd one at the second?

Problem 2. Two players roll two independent six-face fair dice. The result of the die of
the first player is denoted by X1 , while the result of the die of the second player is X2 . The
average result is denoted by A, the maximum by M , and the absolute difference by D.
A=

X1 + X2
2

;

M = max{X1 , X2 } ;

D = |X1 − X2 | .

1. Determine the distribution of X1 and the one of the random vector (X1 , X2 ). Compute
the mean and variance of A.
2. A player wins if her result is strictly greater than the result of her competitor. If both
results are identical there is a draw. Compute the probability that player 1 wins and
the probability of draw (observe that one probability is easily deduced from the other).
3. What is the distribution of M ? Compute its mean and variance. Compare E[M ] with
E[A]. How can you determine which of the two is greater without any computation?
4. Are random variables A and M independent?
5. Compute the mean of D (observe that it is possible to write D in terms of the maximum
and minimum of X1 and X2 , or their maximum and average).
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Problem 3. Show that if X is a discrete random variable, then
E[(X − E[X])2 ] = min E[(X − x)2 ] .
x∈R

Problem 4. Show that if X and Y are two uncorrelated random variables (E[XY ] =
E[X]E[Y ]), then
Var[X + Y ] = Var[X] + Var[Y ] .
Problem 5. Four flatmates Alice, Bob, Charly, and Dave roll a 6-sided die every night in
order to decide who washes the dishes after dinner. If the outcome is 1, Alice washes, it is
its 2, Bob does, while for 3 or 4 Charly must wash the dishes and for 5 or 6 it is Dave’s turn.
1. What is the probability that Charly washes the dishes at most twice in a week (7
days)?, and the probability that he washes exactly two days in a week?
2. How many days (dinners) must we wait on average until it is Alice’s turn to wash the
dishes?, and the probability that Alice washes the dishes before that time?
3. How many days (dinners) must we wait until Bob washes the dishes at least 11 times
with probability 0.95?, and the (exact) probability that we have to wait longer than
that time?

Problem 6. We have a lot of 100 electronic devices, out of which 20 are defective.
1. If 20 devices are selected at random, what is the probability that four or more of them
are defective?
2. If 20 devices are selected at random, what is the number of non-defective devices that
I can guarantee that I have with probability 0.95?
3. How many devices do we have to pick at random until we have 10 non-defective ones
with probability 0.95?

Problem 7. The table below shows the number of claims reported by the owners of 15000
cars to an insurance company during a one-year period1 . As seen in the table 11558 car
owners reported no accident, while 4 car owners reported 7 accidents.
1

Source: M.C. Melgar (2004) Análisis de las Componentes de la Demanda de Seguro. Aplicación al
Seguro del Automóvil. PhD Thesis. Universidad de Sevilla.
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Number of car accidents Counts
0
11558
1
2365
2
743
3
223
4
78
5
19
6
10
7
4
1. What is the average number of accidents suffered by one of the cars in the study?
2. Assume that the number of accidents suffered by a car follows a Poisson distribution
and fix as λ the previous average. Obtain the probability mass function for values of r
between 0 and 7 and then convert those probabilities into expected counts multiplying
times 15000. Simulate 15000 observations of this distribution model and represent the
counts in a barplot (use NIU, DNI, or NIE as seed).
3. The Zero Inflated Poisson (ZIP) distribution has two parameters 0 < p < 1 and λ > 0.
A ZIP(p, λ) random variable equals 0 with probability p and a Poisson P(λ) random
variable with probability 1−p. What is the support of such a random variable? Obtain
its probability mass function, mean, and variance.
4. What are the expected counts for a ZIP distribution with parameters p = 0.6361789
and λ = 0.9189491?
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