General notes

When calculating results using Octave, please provide code snippets by writing
them on your worksheet. This is crucial for me to understand how you came up
with your solution.

1 Conditional probabilities and Bayes’ rule

(15 pts)

An approach to vowel classification is to determine the frequencies of the first
two formants in the spectrogram (fi and fo) and identify the best-matching
vowel w.r.t. some training data. In a given training corpus, a number of sam-
ple recordings of the five vowels (a,e,i,o,u) have been analyzed and categorized
into ranges of f; and f5. The following table shows how many samples were
associated with which range and which vowel in the corpus:

1D fl ,min [HZ] fl ,max [HZ] f2,min [HZ] f2,maw [HZ] Uz Te n; No Ny
1 0 400 0 1200 0 3 1 5 7
2 0 400 1200 2000 8 7 6 5 0
3 0 400 2000 o0 1 6 7 0 b)
4 400 800 0 1200 3 b) 1 7 2
5 400 800 1200 2000 9 6 7 9 0
6 400 800 1200 00 5 7T 4 1 3
7 800 00 0 1200 9 9 1 3 8
8 800 00 1200 2000 9 8 7 0 b)
9 800 00 1200 o0 ) 0 1 1 b)

In a field test, the following formant sequence was observed:

s _ (N o (fis
o= (f2,1>7 ’<f2,8)

a) What is the most likely vowel sequence Uf(a) associated with f5?
Hint: First determine the ID sequence matching the formant sequence f.

The vowel classifier is supposed to be used as input interface for the 1986 IBM
PC version of the game Tetris (as seen in the screenshot below). In order for
this to work, the following association between vowels and actions is used:

v | action
e | left

i | right
a | rotate
o | drop

530 1044 901 720 235 622 371 611 [Hy)
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b) Considering the Tetris scenario, what is the most likely vowel sequence
U?(b) associated with f8?

From a vast number of games, statistics of game actions are available (n is the
number of tokens observed per action):

n/1000 | action

918 | left
927 | right
754 | rotate
118 | drop

c¢) Considering the Tetris scenario and the game action statistics, what is the
most likely vowel sequence U?(c) associated with f?

2 Regression (15 pts)

The following table shows historic crude oil prices per barrel:

year | 2000 2001 2002 2003 2004 2005 2006 2007
price [USS] | 285 244 250 288 382 545 651 723

Consider the regression functions (you should use x = year — 2000 to avoid
machine precision issues):

a) Yqg = Wo + wx,

)
b)

polynomial regression y, with D = 2,

¢) polynomial regression y. with D =7,

)
d) y4 = wo + wy sin (Zz) + wosin (£ (z + 2)),



e) Ye = wo + wyre?.
Given the above data of historic crude oil prices,

i) train linear regression models for each of the functions y, . .., y. and cal-
culate the models’ empirical risks Ry, ..., Re.

ii) Predict the average oil price for 2013 with each of the models.
iii) Which of the models fits the data best? Justify your answer.

iv) Which of the models fits the data worst? Justify your answer.

3 Bayesian networks (6 pts)

We are given the following Bayesian network:

Which of the following equations are correct w.r.t. this network? Which ones
are wrong?

p(z1,22) = plz1ly1)p(z2]y1, y2) (1)

_ (e, 22,1, Y2)
p((Eg) - p(Il,yhyQ) (2)

_ puily2)p(yr)
p(y2lyr) = T — (3)
0 < > ppa=y) < 1 (4)

YEY2

maxp(zilyr) = maxp(yilai)p(e:) (5)
argmaxp(ailyr) = argmaxc-p(yilz)p(er) with ceR (6)

Justify your answers. Hint: Y5 is the set of all values the random variable s
can assume.

4 Naive Bayes (20 pts)

A brand-new application to classification is to tell whether individuals are drunk
or sober by analyzing speech data they are uttering. These are (Boolean) fea-
tures extracted by the signal processing unit of an example implementation:



feature

high energy

high energy variance

high pitch

high pitch variance

high gitter

high shimmer

high speaking rate

affected by Lombard distortion
the word “please” is present
the word “f***” is present
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To train the classifier, n(1) utterances have been manually marked as drunk
(d = 1) and n(0) as sober (d = 0). The following table shows how many of each
feature were found to be true for both of the scenarios:

(d) | m1(d) na(d) n3(d) na(d) ns(d) ne(d) n7(d) ns(d) ng(d) nio(d)

dln
0| 550 0 1 450 332 510 250 87 390 219 0
1| 110 75 73 1 2 75 56 9 58 0 91

Build a naive Bayes classifier.

a) Classify the following test samples:

21 = (1,1,0,0,0,0,1,1,1,1)
T2 = (1517151715170517130)
r3 = (0517051715170517031)

In doing so, use a smoothing approach that replaces zero counts by a
constant o = 1.

b) Now, use a smoothing approach which increments every count by a con-
stant # = 1. How do classification results change?



