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Exercise 1 - Classification — alternative methods (11 points)

Exercise 2 - Sequential patterns (10 points)

Given the following input sequence

< {A) {B,CcD} {CD} {ADE {AB} {F {AB} {BD} >
t=0 t=1 t=2 t=3 t=4 =5 t=6 =7

show all the occurrences (there can be more than one or none, in general) of each of the following su-
sequences in the input sequence above. Repeat the exercise twice: the first time considering no temporal
congtraints (left column): the second time considering min-gap = 1 (right column). Each occurrence
should be represented by its corresponding list of time stamps, e.g..: <0,2,3> = <t=0, t=2, t=3>.



Occurrences Occurrences with min-gap=1

ex.. <{A}{D}> <0,2> <0,3> <0,7> <0,2> <0,3> <0,7>
<3,7> <4,7> <6,7> <3,7><4,7>

wi=<{A} {C} {D} > <0,1,2><0,1,3><0,1,7> <0,2,7>
<0,2,3><0,2, 7>

w.= <{B}{A}> <1,3><1,4><1,6> <1,3><1,4><1,6>
<4,6> <4,6>

ws= <{A}{E} {B}> <0,3,4> <0,3,6><0,3,7> <0,3,6><0,3,7>

ws= <{A}{D}{E}> <0,1,3><0,2,3> none

Exercise 3- Time series/ Distances (11 points)

Given the following dataset of time series:

Time series
<12,6,12,18, 20,31 >
<3,14,15,19, 22,24 >
<13,17,10,15,2,5>
<9,12,27,18,15,19 >

NI< X =g

compute the matrix of distances among all pairs of time series adopting a Dynamic Time Warping
distance.

w X Y z
w 27 59 31
X 60 31
Y 48
V4




Point-to-point costs

Cost matrix

[.1] [,2] [.3] [4] [,5] [.6]
[1] 9 2 3 7 10 12
2] 3
[3] 9
[4] 15
[5] 17 6 5 1 2 4

[6] 28 17 16 12 9 7

[1]
[2]
[3]
[4]
[5]
[6.]

[ [.2] [.3] [.4] [.5] [.6]

9 11 14 21 31 43

12 17
21 14
36 18
53 24
81 41

20
17
17
22
38

27
24
18
18
30

37
34
22
20
27

49
46
28
24
27

Optimal path

w

[,1] [.2] [,3] [.4] [,5] [.6]
52 310 7
11 4 9 4 1
52 310 7
[4] 1 8 3 16 13
[5,] 310 5 18 15
[6] 18 14 21 16 29 26

[1]
[2]
[3]

N0k NR

[1]
[2]
[3]
[4]
[5]
[6]

[.1] [.2] [.3] [,4] [.9] [.6]

1 6 811 21 28
8 12 10 17 15 16
9 13 12 13 23 22
14 10 18 15 29 35
21 13 20 20 33 44
39 27 34 36 49 59

(.11 [,2] [.3] [4] [.5] [.€]
[1] 3 015 6 3 7
[2] 3 6 21 12 9 13

[3] 3 015 6 3 7
[4] 9 6 9 0 3 1
[5] 11 8 7 2 5 1

[6] 22 19 4 13 16 12

[1]
[2]
[3]
[4]
[5]
[6.]

[ [,2] [.3] [4] [.5] [.6]

3 318 24 27 34
6 9 24 30 33 40
9 6 21 27 30 37
18 12 15 15 18 19
29 20 19 17 20 19
51 39 23 30 33 31

eeeeeeee




Point-to-point costs

[.11 [,2] [.3] [.4] [.5] [.6]
[1] 10 14 7 12 1 2
2] 1 3 4 112 9

[3] 2 2 5 0 13 10
[4] 6 2 9 4 17 14
[5] 9 5 12 7 20 17
[6] 11 7 14 9 22 19

Cost matrix
[.1] [,2] [.3] [,4] [,5] [.6]
[1] 10 24 31 43 44 46
[2] 11 13 17 18 30 39
[3] 13 13 18 17 30 40
[4] 19 15 22 21 34 44
[5] 28 20 27 28 41 51
[6] 39 27 34 36 50 60

Optimal path

[,1] [.2] [,3] [.4] [,5] [.6]
[1] 6 9 24 15 12 16
2] 5 213 4 1 5

[3] 6 312 3 0 4
[4] 10 7 8 1 4 O
[5] 13 10 5 4 7 3
[6] 15 12 3 6 9 5

[ [,2] [,3] [,4] [,5] [.6]
[1] 6 15 39 54 66 82
[2] 11 8 21 25 26 31
[3] 17 11 20 23 23 27
[4] 27 18 19 20 24 23
[5] 40 28 23 23 27 26
[6] 55 40 26 29 32 31

eeeeeeeee

[.1] [,2] [,3] [.4] [.5] [.€]
[1] 4 114 5 2 6
[2] 8 510 1 2 2
[3] 1 217 8 5 9
[4] 6 312 3 0 4
[5] 7 10 25 16 13 17

4

[6)] 7 22 13 10 14

[.1] [,2] [,3] [.4] [.5] [.€]
[1] 4 5 19 24 26 32
[2] 12 9 15 16 18 20
[3] 13 11 26 23 21 27
[4] 19 14 23 26 21 25
[5] 26 24 39 39 34 38
[6] 30 31 46 52 44 48




