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Structure

It’s better to uncover a little than to cover a lot.
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Clustering is subjective!ll




Motivation - Example Stock Prices (S&P 500)
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Motivation - Example Stock Prices (S&P 500)

5.0-
25-

0.0-

standadized stock price

-2.5-

-5.0-

2018 2019 2020
date



Motivation - Example Stock Prices (S&P 500)
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Motivation - The Challenge for FOEN

Rising water temperatures -7

Federal policies

Month @ 1 @ 2 @ 3

X EX XX XX XX FEX RORIY X°
Aare-Brienzwiler Aare-Bern, Schonau Aare-Briigg, Aegerten Aare-Felsenau, K.W. Klingnau
25 . .
(@) 20
o
.E 15
g
=}
“@10 eopasegentpatstl A WG T ST
o, e o oo . S L T 3] (1)
2 .| b, S T DR R L B
& sttt i agesegieu 0 ey a T, ' S
2
E Reuss-Luzern, Geissmattbriicke Rhéne-Sion Muota-Ingenbohl
@ 25 =
g . { ad =
@ 20 b NPV
LIPCIELA Tl Ml A Pt - S S
g o4, o0 :'.-'._-.:3‘!', -
15 D T R T T S :
£ S SN : .
E 0 . . i:-.G .:3
[s] = asny Sacfenss
= R RN SR TR R rapeteniutanentin R
5 O borstiter etetaneny oggleattiyt aress i et e 0 s T e aie
¢ yoa i *istiege it ottt g heat 18, Satee 2 gert Attty e bt
Aot oo 2o Ao 2o 98 A0 9o 2 S




air2stream 11

glacier
snow field

H heat exchange with
the atmosphére

reference
Qi Tw.i ; \% volume

groundwater

dﬂ = i a + HEI;: ‘ {emperature
dt o

Input

River temperatur T,

Air temperature T,

Discharge Q

t

"
+ 6| as + ag cos ZW[——a;v] —agT, | ¢,
y

§=6% 6=0/0

Estimate

Heat flux

Seasonality

Variation Discharge 6
River depth &

10



Motivation - The Challenge for FOEN

There are around 80 active FOEN Around 800 cantonal measurement stations
measurement stations (blue). exist (orange).
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Distance Measures

Whole time-series clustering
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Fig. 2. The time-series clustering approaches.

Source [12]

13



Model-based Approach - Patterns in Time Series

Trend, Seasonality, Cycles

Additive Decomposition (O =T + S + R)
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Distance Measures

Whole time-series clustering
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Fig. 2. The time-series clustering approaches.
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Feature-based Approach - Simple Example
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Distance Measures

Whole time-series clustering
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Example
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Distance Measures

In mathematics, a metric or distance function defines a
distance between each pair of point elements of a set. Let
a,b and c be arbitrary point elements of a set X, then the
distance d satisfies the following three axioms:

1. d(a,b) =0 <= a=0>b, identity of indiscernibles
2. d(a,b) =d(b,a), symmetry
3. d(a,b)

IA

d(a,c)+d(c,b). triangle inequality



Distance Measures

Euclidean Manhattan Cosine Similarity

Source [13]



Euclidean Distance

In the old Swiss coordinate system (LVO3) Bern-Siedlerstrasse has the coordinates
(600'000,200'000) and Zurich-Seebach has the coordinates (684'592,252'857).
Calculate the Euclidean distance between these cities.
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Euclidean Distance (Pairwise Distance)
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Example
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Doors and corners, kid.

That’s where they get

you.

Source [14]
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Fuclidian Matching
Example

Disadvantage of
Pairwise Distance
Measures
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Example

This is what you
hope to achieve!
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Dynamic Time Warping DTW

Source [15]
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Euclidean Distance (Pairwise Distance)
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW
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Example - Dynamic Time Warping DTW

Serie

S O R NMNW DA UTOYNN 00V

33
31
25
21
21
20
13

o N Ul

26
25
20
17
16
16
10

B R W

26
25
20
17
16
16
10

NN W

e 1 2

23
23
19
17
15
14

A NDO WO

22
19
18
17
12

O U1 A~ O 0

4

25 15 14
20 14 15
21 11 11
20 16 9
12 7 8
13
15

H U
O 00

11 12 12
17 20 22

14
11
10
13
12
15
13
12
15
27

11
14
12
14
13
18
18
13
15
29

5 6 7 8 9
Serie

/

min(15,11,10) = 10

45



Example - Dynamic Time Warping DTW
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Comment 1: Constraints - Window Size and Shape
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Sakoe-Chiba Band Itakura Parallelogram
Figure 2. The two most common constraints in the literature

are the Sakoe-Chiba Band and the Itakura Parallelogram




Comment 2: Applicable for Multivariate Time Series

Source [16]
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Comment 3: DTW is not a proper metric

In mathematics, a metric or distance function defines a
distance between each pair of point elements of a set. Let
a,b and c be arbitrary point elements of a set X, then the
distance d satisfies the following three axioms:

1. d(a,b) =0 <= a=0>b, identity of indiscernibles
2. d(a,b) =d(b,a), symmetry
3. d(a,b)

IA

d(a,c)+d(c,b). triangle inequality

Source [17]
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