2o Teste de Aprendizagem Automática
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Pergunta 1 [4 valores] Consider a classification problem with
hypotheses classes H with infinite hypotheses. We can estimate
Dimensão Bias
Var
an upper bound for the true error of the hypothesis with the
2
0.308 0.001
lowest empirical error, ĥ, relative to its empirical error Ê(ĥ).
3
0.252 0.002
There is a probability δ of the true error being larger than the
4
0.104 0.005
sum below, where V C is the Vapnik–Chervonenkis dimension of
5
0.012 0.102
the classifier e m the size of the training set:
6
0.008 0.120
s
7
0.006 0.328
!
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From a two-dimensional data set, the table shows the values for bias and variance computed using linear
classifiers on the original data (dimension 2) and non-linear expansions of the data to higher dimensions
(3 through 7).
1.a) Indicate the dimension of one of these classifiers in which the term Ê(ĥ) is the more important
one in the estimate of the upper bound for the true error. Justify your answer.
q
m
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1.b) Indicate the dimension of one of these classifiers in which the term V C(H)
ln V C(H)
ln 1δ is
+m
m
the more important one in the estimate of the upper bound for the true error. Justify your answer.
Pergunta 2 [4 valores] In a classification problem with two classes we want to reduce the dimension
from four to two attribites. The left panel of the figure below shows the kernel density estimation graphs
for the distribution of values of each attribute (X1 through X4), using the same scale, with examples for
class one on the top row and class 2 on the bottom row. The right panel shows the scatter matrix plot for
these data.

2.a) Which two of the four attributes would you choose to use? Justify your answer and enumerate
alternatives if there are any.

2
2.b) Suppose that you used Principal Component Analysis instead of selecting two attributes and
projected all data unto the two largest components, with the largest on the horizontal axis and the second
one on the vertical axis. Indicate which of the three plots below (A, B, C) corresponds to this projection
explaining why the other two cannot be correct. Note that the scale is the same on all three plots.

Pergunta 3 [3 valores]
The figure on the right shows the result of the two
first iterations of a clustering algorithm. The first
iteration split the data into two clusters shown by the
colour, with the black triangles on one cluster and the
remaining examples, in grey, on the other cluster. The
second iteration created two additional clusters with
the examples on the grey group, distinguished by the
squares and circles. For each of the three algorithms
below, answer if that algorithm may or may not have
been the one used, justifying your answer:
3.a) Fuzzy C-Means
3.b) Bissecting K-Means
3.c) Agglomerative Clustering
Pergunta 4 [6 valores] The same set of two-dimensional data was grouped using different clustering
algorithms. In all cases the distance measure used was the Euclidean distance. Read the four questions
below and observe the plots with care before answering, justifying each answer. In the plots, each larger
symbol represents a point in a cluster. Points not assigned to clusters are shown as small circles (plots A
and D).
4.a) Which plot (A, B, C, D) shows the result of applying the Density-based spatial clustering of
applications with noise (DBSCAN) algorithm with a value of 10 for the minimum number of neighbours
for core points?
4.b) Which plot shows the result of applying the DBSCAN algorithm with a value of 5 for the minimum
number of neighbours for core points?
4.c) Which plot shows the result of applying the k-means algorithm with k = 2?
4.d) Which plot shows the result of clustering the data with a mixture of two Gaussian distributions?
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Pergunta 5 [2 valores] Training hidden Markov models (HMM) and clustering algorithms like K-Means
and Gaussian mixture models (GMM) requires solving the problem of maximizing the likelihood of a set of
parameters without knowing all the values for the variables in the model (for example, the hidden states
in the HMM or the cluster assignments in K-Means or GMM). Briefly explain the method for solving this
problem.
Pergunta 6 [1 valores] In theory, a neural network with a single hidden layer can approximate any
function simply by increasing the number of neurons in the hidden layer. Explain why, despite this, it is still
generally better to use deep neural networks instead of a network with a single, sufficiently large, hidden
layer.
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