
Course materials and notes allowed. Calculators allowed.

Exercises are independent. Most questions within exercises can be considered independent. The
points per exercise are indicative and may be adjusted afterward within reasonable limits.

When answering questions, do not limit yourself to a single result. Provide detailed calculations and
specify the reasoning behind your answer.

For this exercise, use the table of simplified logarithms provided in the appendix.

We are interested in an athlete's fitness state over time. They can be in rest ( ), resuming activity ( ), fit
( ), or peak fitness ( ). Measurements always begin with the athlete resuming activity ( ), and the
probabilities of transitioning from one state to another are as follows:

During training, the athlete's times can be of level , , or , depending on their fitness state as follows:

1. What is the probability of the sequence ?
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2. Given the observation sequence , for each time step  and each state
, calculate the probability  according to this model (this

probability is one of the intermediate calculations in the EM algorithm for estimating the parameters of
a hidden Markov model).

3. The hidden Markov model is based on two assumptions: the Markov assumption for the hidden
process; and the assumption of conditional independence of the data. Explain this last assumption
(conditional independence): definition, interest, and limitation. A concrete example may be used for
support.
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Consider the Bayesian network above. The variables are binary, and the model is defined by the following
parameters:

1. Provide the factorized form of the joint probability .
2. Calculate . Is the information from  useful? For this specific network, what

would be a possible order of variable elimination to calculate the marginal probability P[C]?
3. Using the factorization of the joint probability , show that the variables  and  are

independent.
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Exercise 2 – Bayesian Networks (6 points)
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You want to compare your algorithm (Our) to the state-of-the-art algorithm (SOTA) in terms of computation
time. You execute them in 9 different settings and obtain the computation times (in seconds):

1. Is the computation time of Our different from that of SOTA with a confidence level of 5%? Specify the
assumption of your test.

If needed, the Student’s t-distribution table is provided in the appendix.

Quantile of order  of the Student distribution with  degrees of freedom.

Exercise 3 – Hypothesis Testing (4 points)
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