[Exercise 1.]
Calculate the correlation coefficient for the two random variables. X and Y.
represented by the following data:

N

4
5\

Once you have calculated the correlation coefficient, interpret the result.
Does it suggest a strong, moderate, weak, or no linear relationship between X
and Y?

Provide a brief explanation supporting your interpretation.
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[Exercise 1.]
Consider two random variables X and Y, for which the following data is

provided:
X ={23,4,5,6}
Y ={3,4,5,6,7}
1. Calculate the covariance matrix Cov(X,Y).
2. Compute the correlation coefficient p(X,Y) .
3. Interpret and comment on the results obtained from the covariance ma-

trix and the correlation coefficient. Discuss the strength and direction of the
relationship between the two random variables based on the calculated values.
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[Exercise 1.]Given the following sets of data:

Data Pair | x Y S t
] 2 ' 2 3
2 | 7 4 5
3 O 5 O 7
4 S 10 8 9
5 10 12 (| 10 11

. Compute the correlation coefficient for x and y.
2. Compute the correlation coefficient for s and ¢.

3. Comment on the results, discussing the strength and direction of the re-
lationships between the variables in each set.
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[Exercise 1.]Consider the following two datasets, each containing 4 ele-

ments:

Calculate the covariance matrix and the correlation coefficient between the
datasets X and Y.

Comment on the results appropriately.
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[Exercise 1.]

Apply the graphical method to solve the following Linear Programming prob-
lem:
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[Exercise 1.]
Write the formula for the gradient descent method.

Use 5 iterations of the gradient descent method to minimize the function:
flz,y) = 2* +y* + 2zy
with starting point (zg,70) = (1,1) and a learning rate o = 0.1

Comment briefly on the convergence behavior you observed:
1. Does the sequence (z,,y,) appear to approach the minimum?

2. Evaluate the values of f(z,,y,): Do they decrease as the iteration pro-
ceeds?

3. Is the convergence fast or slow?

4. In general, how does the choice of learning rate o affect the results?
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[Exercise 2.]
Given two sets of discrete probability distributions P and @ as follows:

= {0.2,0.3,0.5}
Q = {0.4,0.4,0.2}

Calculate the Kullback-Leibler (KL) divergence from P to @ and from Q to
P,

Comment on the results.
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[Exercise 2.]
Given two sets of discrete probability distributions P and @ as follows:

P =1{0.3,0.2,0.1,0.4}

Q = {0.1,0.4,0.2,0.3}

Calculate the Kullback-Leibler (KL) divergence of distribution Q from dis-
tribution P Dk, (Q||P).

Comment on the result.




[Exercise 2.] Consider two distributions P and @ such that

Distribution | X =1 X =2 X =3
0.5
0.6

Calculate the Kullback-Leibler (KL) divergence Dky(P||@Q) and comment
on the result.




[Exercise 2.] Given two discrete probability distributions P and Q:

P=(02 05 03), Q=(01 06 0.3),

compute the Kullback-Leibler (KL) divergence Dy (P || Q) and comment
on the results.

What does the KL divergence indicate about the relationship between these
two distributions?
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[Exercise 2.] Consider the following two discrete probability distributions
P and @ over the same set of outcomes {1,2,3}:
P=10.17,02,0.1}
=+40.1.01,08}

Calculate the KL divergence Dk (P || Q) (use the natural logarithm or
logarithm base 2).

Comment on the value obtained. What does the magnitude of the KL di-
vergence suggest about how different the two distributions are?

bk..(?lla) : ;?ﬂ"ﬂ(gf)*orl )e"”(:lj) 1 Qi/ew(%t)r: 1/25
&J/‘m I A 2ot & o te | disliibadios. B
IRLP S RIS

}S"‘ MaP&aMm'&&vw&(Q-C’MVM&?,JUM;—AE}MPP—)
"Et;wf.m.s.aimc todeds. i P& proe 2 7% AP fl«ffiw.\z..M Mromda Q)



[Exercise 2.] Let P and @ be two discrete probability distributions over
the set of three possible events X = {x,,x2, 23}, defined as follows:

0.2

P(z,) =05, P(z2)=0.3, P(z3)
(2(11) =1 (2(12) = 0.4, (2(1;)

Do

0.

1. Write the definition of the Kullback-Leibler (KL) divergence.

2. Calculate the Kullback-Leibler divergence between P and @, i.e., compute

" Dxi(P| Q)

3. Comment on the result
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[Exercise 3.]

Give a brief description of the gradient descent method.

Provide a clear and concise explanation of what the learning rate coefficient
represents in the gradient descent algorithm.

Describe how the choice of learning rate affects the convergence and discuss
the trade-offs involved in selecting a high or low learning rate.
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[Exercise 3.]

Describe briefly how you would choose the reduced dimension in techniques
such as Singular Value Decomposition (SVD) or Principal Component Analysis
(PCA). Discuss any considerations or strategies involved in making this deci-
sion. Additionally, explain how the choice of reduced dimension impacts the
performance and efficiency of these dimensionality reduction methods.
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|Exercise 3.]

. Define the Maximum Likelihood Estimate (MLE). Explain the contexts
in which it is used.

o

Given the fn”n\\‘illf_: data l'l'])l'('.\t‘lltillg‘ the number of successes in a series
of Bernoulli trials:
f1.0.1.1.01 01141

where 1 represents a success and 0 represents a failure, calculate the Max-
imum Likelihood Estimate (MLE) of the probability of success, p.

3. Comment on the result, discussing its implications for the given data.
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[Exercise 3.]
Consider the function
9

f(z,y) = 2* + y* + day.

Apply two iterations of the gradient descent method with an initial point
(zo,y0) = (1,2) and a learning rate a = 0.1.

Verify that the value of the function has indeed decreased after each iteration.
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[Exercise 3.] Briefly describe the concept of the Maximum Likelihood
Estimate (MLE). In your answer, please include the following:

e A clear mathematical definition of MLE and its derivation.
e Explain how MLE is used to estimate the parameters of a statistical model.

e Provide at least one practical example of applying MLE to real-world data.
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Descrivi la correlazione nei 3 esempi rappresentati qui sotto:




