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1. Suppose five exams are to be scheduled. There are three possible slots per day when
an exam can be held, and six possible days. There can be at most one exam per slot.
a. In how many different ways can the five exams be scheduled over the slots in
the six days ?
[5 marks]
b. In how many different ways can the five exams be scheduled so that each falls
on a different day.
[5 marks]
c. What is the probability that the five exams fall onto different days ? Explain
how you arrived at your answer using the axioms of probability.
[5 marks]
d. State the definition of conditional probability.

[5 marks]

e. Suppose the first exam is scheduled for the first slot of day one. Conditioned on
this, what is the probability that the second exam is also scheduled on day one ?
[5 marks]
2. On a given day of the week the weather can be either rainy or dry. Suppose the
weather on each day of the week is independent of the weather on the other days of
the week and that on a given day it rains with probability 0.1.
a. State the definition of independence of random events.

[5 marks]

b. Using independence of the weather on each day calculate the probability that it
rains only one day in a given week (i.e. out of seven days) ?
[5 marks]
c. What is the probability that it rains four days in a week?

[5 marks]

d. Let X be a random variable whose value equals the number of rainy days in a
week.
i. Derive the expected value E[X]. Hint: use the linearity of the
expectation.
[5 marks]
ii. Derive the variance var(X). Hint: use the linearity of the variance of
independent random variables.
[5 marks]
e. Write a short matlab program that draws random values for X.

[5 marks]

3. Suppose a continuous random variable X has probability density function f(x)=0 when
x≤0 and x≥1 and f(x)=1 when 0<x<1 i.e. the pdf is uniformly distributed between 0 and
1.
a. Calculate the probability that X lies between 0 and 0.25.

[5 marks]

b. What is the probability that X=0.3 ? Explain your answer.

[5 marks]

c. State the definition of the cumulative distribution function.

[5 marks]
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d. Calculate the cumulative distribution function of X. Illustrate with a graph.
[5 marks]
e. Calculate the expected value E[X]. Hint: recall that for continuous random
variables 𝐸 𝑋 =
)
𝑥𝑓
*

'
𝑥𝑓
('

𝑥 𝑑𝑥 , which in this example equals 𝐸 𝑋 =

𝑥 𝑑𝑥 since f(x)=0 for x≤0 and x≥1.

[5 marks]

4. Suppose we are given patient data consisting of n pairs (x1,y1), (x2,y2), … (xn,yn) where xi
is the measured blood sugar level and yi equals 1 if the patient has been diagnosed
diabetic and 0 otherwise.
a. With reference to Bayes Rule explain what is meant by the likelihood, prior and
posterior. Explain how the maximum likelihood estimate of a model parameter
differs from the maximum a posteriori (MAP) estimate.
[5 marks]
Suppose we decide to use a logistic regression model for this patient data.
b. Give the expression for p(xi | yi) used in a logistic regression model?

[5 marks]

c. Now give the expression for the likelihood of the observed data (x1,y1), (x2,y2), …
(xn,yn)
[5 marks]
d. Discuss why a logistic regression model requires linear separability.
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[5 marks]

