
Aprendizagem Automática

Exam, 11/01/2019

Please answer each question in a separate sheet of paper and present all responses in a clear and organized
manner, with a brief justification of each step.

1. (3 points)

Table A Table B
x1 x2 y

-1 1 0
-2 2 0
2 2 4
1 1 2

x1 x2 x3 y

1 -1 -1 0
2 1 -2 0
2 -1 2 4
1 1 1 2

(a) Consider table A above. We wish to predict the variable y from the features xi, i = 1, 2, using a
linear regression model (without offset). Estimate the predictor coefficients by minimizing the sum
of squared errors (SSE) criterion.

(b) Consider the data in table B where one of the features (we don’t know which) contains no information
about y. Explain how you would proceed to identify the useless feature and mathematically formulate
the regression problem (there is no need to solve it).

2. (4 points)

Let x ∈ R be a scalar feature, associated to a binary class y ∈ {0, 1}. Assuming that the a priori
distribution of the class y is P0, P1, with (P0 + P1 = 1), and that x is generated by a class dependent
Rayleigh distribution,

p(x|y = i) =

{
x
fi
e
− x2

2fi x ≥ 0

0 otherwise
i = 0, 1, f1 > f0 > 0 are known,

find:

(a) the a posteriori distribution of the class y, given x;

(b) the Bayes classifier for a binary loss;

(c) the decision regions of the Bayes classifier;

(d) the confusion matrix for the Bayes classifier.

3. (4 points)

Consider the multilayer perceptron (MLP) with the following architecture

x1 x2 y

0.1 0.2 0.8
0.3 -0.1 0.6
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Assuming that all the units have logistic activation functions, and the network is trained by minimizing
a quadratic cost function

R =
1

n

n∑
i=1

(
y(i) − ŷ(x(i))

)2
(a) draw the forward and back-propagation networks, identifying all the weights;

(b) write all the equations for the forward and back-propagation networks;

(c) find the value of the weight w22 after the first iteration of the on-line gradient algorithm. Assume
that all the weights are initialized with the value 0.1 and the learning step is η = 0.01.

4. (3 points)

Explain the Convolutional Neural Networks (CNNs) mentioning: i) rationale, ii) architecture, iii) main
steps and iv) a typical application. Please provide a well organized and informative answer.

5. (4 points)

Consider the data set defined by the table. We wish to train a SVM to classify this data.

x1 x2 y

0 0 -1
0 1 1

0.5 0.5 1
1 1 -1
2 1 -1

0.5 0 -1

(a) Are the data linearly separable? What does this answer imply with respect to the SVM design?

(b) consider the nonlinear transform x̃1 = x1, x̃2 = (x1 + x2 − 1)2. Are the transformed data linearly
separable?

(c) find an expression for the kernel K(x, y);

(d) find the support vectors in feature space and determine the equations for the margins and for the
maximum margin hyperplane from the SVM constraints. The hyperplane and margins should not
be found by visual inspection;

(e) find an expression for the decision boundary of the SVM classifier in the original input space.

6. (2 points)

Suppose you wish to design a classifier defined by a vector of parameters θ ∈ Rm and a hyperparameter
h ∈ {h1, h2, . . . , hp}. Suppose you have two sets of data: a training set and a test set

Ttrain =
{

(x(i), y(i)), i = 1, . . . , ntrain

}
Ttest =

{
(x′(i), y′(i)), i = 1, . . . , ntest

}
,

where x(i), x′(i) denote feature vectors and y(i), y′(i) the corresponding labels.

How would you proceed to:

(a) estimate the parameters θ and hyperparameter h;

(b) evaluate the performance of the algorithm.
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