SOM Visualisierungen

VU Selbst-Organisierende Systeme
Andreas Rauber
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SOM Visualisierungen

= SOM nur Basis fur weitere Analyse und Verwendung
= Visualisierung: meist Karte als Basis

= verschiedene Arten der Einteilung:
- Verwendete Information:
* Verwendung nur des Codebooks
* Verwendung von Codebook und Daten (mit/ohne Klasseninfo)
- Art der Darstellung
- Einfarbung / Hintergund
- Uberlagerbare Information
- Art der Information:
- Datenanalyse: Dichte, Topologie, Klassen, Distanzen
« Qualitatsanalyse der Karte

= Wichtig ist Kombination von Visualisierungen zur
Interpretation der Information, welche die SOM bietet
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Visualizations

= Juha Vesanto. SOM-based Data Visualization Methods.
Intelligent Data Analysis 3(2):111-126. Elsevier
Science.1999
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Outline

= Uberblick Visualisierungsarten
= Visualisierung der SOM

Codebook-Projektion
Adaptive Coordinates

= Visualisierungen auf der SOM

Textuelle Informationen
Dichte

Distanzen

Klasseninfo

Attribute

Clustering der SOM
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Visualisierungsarten

Uberblick Visualisierungsmaoglichkeiten

= Zahlreiche Moglichkeiten, Information auf den Knoten

abzubilden

- textuelle /numerische Information

- (farbliche) Symbole, Metaphergrafiken

- Einfarben der Zellen

- Einfarben durch Interpolation Uber Knoten
- Verbindungslinien, Graphen als Overlay

- sonstige (z.B. 3D Welten)

= Dies kann zur Visualisierung unterschiedlicher

Informationen genutzt werden

- Datenvektoren
- Klassen
- Qualitatsmafle
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Visualisierungsarten

= Textuelle Information auf den Knoten:
- Anzahl der Vektoren
- Namen der Vektoren
- Klassenlabels
- Qualitatsmalde

= als Overlay auf Einfarbungen kombinierbar
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Visualisierungsarten

= Symbole auf Knoten

= |[nformation aus den Gewichtsvektoren oder Datenvektoren
wird farblich oder durch Symbole dargestellt

= Diagrame oder Symbole (z.B. Chernoff Faces)

= Beispiele:
- Klassenverteilung
- Attributverteilungen

FACULTY OF !NFORMATICS



BTV Visualisierungsarten




Visualisierungsarten

= Einfarben von Knoten
= Numerische Information als Basis zur Einfarbung

= Unterschiedliche Farbskalen haben entscheidende
Auswirkung auf Interpretation
- Farbwahl
- Gradienten
- Invertierung

= 2 Arten

- Einfarben der Zellen
- Numerische Werte als Stutzpunkte, Interpolation

= "Hintergrundbild” fur Text und Graphen
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Visualisierungsarten
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Visualisierungsarten
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Visualisierungsarten
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Visualisierungsarten
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Visualisierungsarten

= Verbindungslinien / Graphen auf Karte
= Einzeichnen von Strukturen und Verbindungen

= Arten der Darstellung
- Richtung der Linien
- Farbe
- Dicke
- Form

Als Overlay auf Einfarbungen kombinierbar
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TV Visualisierungsarten
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Visualisierungsarten

= Zahlreiche weitere Formen
= SOM als Organisationsbasis fur Visualisierungen

= SOM schafft Datenraum, darauf andere Visualisierungen
- 3-D Welten
- Metapher Grafiken
- Basis fur Interpolationen

= Domanenspezifische Darstellungen
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TV Visualisierungsarten
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Visualisierungsarten

= Zusammenfassung

= Zahlreiche Visualisierungsmoglichkeiten

- Projektion des Codebook
- SOM als Basis

* textuelle /numerische Information
(farbliche) Symbole, Metaphergrafiken
Einfarben der Zellen
Einfarben durch Interpolation uber Knoten
Verbindungslinien, Graphen als Overlay
sonstige (z.B. 3D Welten)

= Basis fur

- Analyse der SOM
- Verwendung der SOM

= Welche Informationen konnen abgebildet werden? nrormiatics






Outline

= Uberblick Visualisierungsarten
= Visualisierung der SOM

Codebook-Projektion
Adaptive Coordinates

= Visualisierungen auf der SOM

Textuelle Informationen
Dichte

Distanzen
Klasseninformation
Attribute

Clustering der SOM
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Codebook-Projektion

Projektion des SOM Codebooks

Abbildung des Verhaltens der Daten und Gewichtsvektoren
nicht Abbildung auf Karte!
Codebook hat nur im 2-dim Inputraum eine 2D-Position

Daten in 2D-Raum projizieren
(z.B: PCA, Sammons Mapping)

Verzerrte Visualisierung der Beziehungen zwischen Daten
und Gewichtsvektoren

Gemeinsame Projektion von Daten und Codebook
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Codebook-Projektion

+  setosa
«  versicolor
+ virginica
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Outline

= Uberblick Visualisierungsarten
» Visualisierung der SOM

Codebook-Projektion
Adaptive Coordinates

= Visualisierungen auf der SOM

Textuelle Informationen
Dichte

Distanzen
Klasseninformation
Attribute

Clustering der SOM
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= |ext-Informationen aut der
........ = GOM.

= Vektor-Infos

- Vector IDs, Abbildungsabstande, Fehlermalde, Klassen,...

Num ber of dataitem s: 5 Num ber of data item s: 1 U"”t deta”s f&)r 9/0, 5 mapped iﬂputsl

121 141 144 110

145 125 sep_| sep_w pet_| pet_w
Weight Vec [7.715 3.166 6.663 2.129]

“1106  [7.600 3.0006.600 2.100]

123 [7.700 2.8006.700 2.000]
119 [7.7002.5006.900 2.300]
118  [7.700 3.8006.700 2.200]
132 [7.900 3.8006.400 2.000]

Num ber of dataitem s: 2 Num ber of data tem s: 1 Num berofdataitems: 2

142 113 105 103 131 108 136

Num ber of dataitem s: 5 Num ber of data item s: 1 Num berofdataitems 2

104 117 129 108 130 126

138 133
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Outline

= Uberblick Visualisierungsarten
» Visualisierung der SOM

Codebook-Projektion
Adaptive Coordinates

= Visualisierungen auf der SOM

Textuelle Informationen
Dichte

Distanzen
Klasseninfiormation
Attribute

Clustering der SOM
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm
- Activity Histogram
- Smoothed Data Histograms
- P-Matrix
- Sky Metaphor
- Neighborhood Graphs
= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Dichtevertellungen aut der

= Dichte: Verteilung der Datenpunkte auf der Karte
= jedes Sample wird seiner Position auf der Karte zugewiesen

= |eere Felder = ,interpolierende Units", d.h.
Ubergangsregionen zwischen dicht besiedelten Gebieten

= Magnification Factor

= verschiedene Arten

- Textuell: Anzahl der Vektoren
- Hit Histogram: Farbe, patches
- Smoothed Data Histograms

- P-Matrix
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Dichte — Hit Histogramm

= Vektor-Infos
- Anzahl der Vektoren pro Unit: Hit histogram

1 4 1 2 2 5 1 5

2 1 2 2 2 3 2 1 3
3 2 1 1 2 1 5 1 2
| 1 1 1 11 1 1
4 4 1o 1 1 3
1 1 2 2 2 2

1 2 1 1 1 2 1
2 1 2 2 2 1 1
2 4 3 5 4 1

3 2 3 3 13 3 2 1
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm
- Activity Histogram
- Smoothed Data Histograms
- P-Matrix
- Sky Metaphor
- Neighborhood Graphs
= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Activity Histogram

= Datenpunkt wird auf best-matching unit abgebildet
= Wie passend ware die second-best unit gewesen?
= Activity Histogram pro Datenpunkt

= Visualisierung der Distanz fur einzelne Datenpunkte zu
allen Gewichtsvektoren
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm

- Activity Histogram

- Smoothed Data Histograms
- P-Matrix

- Sky Metaphor

- Neighborhood Graphs

= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Dichte: Smoothed Data
Histogram -

Erweiterung von Hit Histograms

jeder Datenpunkt wird nicht nur zu einer Map Unit gerechnet,
sondern auf n weitere units abgebildet

3 verschiedene Varianten

- auf allen n units voll gezahlt
- auf1.unit1, dann 1/2, 1/3, ...

- Gewichtung abhangig zur Abbildungsdistanz
erzeugt Verschmierungseffekt

Parameter n: Anzahl der n-best matching units: Granularitat

E. Pampalk, A. Rauber, D. Merkl: Using Smoothed Data Histograms for
Cluster Visualization in Self-Organizing Maps. In: Proceedings of the
Intl.Conf on Artificial Neural Networks (ICANN 2002), pp.871-876.
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Ichte: Smoothed Data

'E""A....i.Stogram.........
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |Stogram

= |ris Dataset
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Ichte: Smoothed Data
.................. |St0gram

= |ris Dataset
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Ichte: Smoothed Data
.................. |Stogram

= Iris Dataset
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Ichte: Smoothed Data
.................. Stogram

= [ris Dataset, SDN, n=8

SDH-weighted,
normalized
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Dichte: Smoothed Data
Histogram -

Fragen

= was passiert bei grollen Smoothing-Faktoren? Warum??

= Unterschied zwischen normalen SDH, gewichteten SDH —
wann werden die Visualisierungen unterschiedlich sein?
Wo?

= Welche Aussagen konnen getroffen werden, wenn die
Visualisierungen unterschiedlich sind?
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm

- Activity Histogram

- Smoothed Data Histograms
- P-Matrix

- Sky Metaphor

- Neighborhood Graphs

= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Dichte: P-Matrix

= Pareto-Matrix
= Hypersphere um jeden Gewichtsvektor im Datenraum

= Ermittlung der Anzahl der Datenpunkt in der Hypersphere
ergibt Schatzung der Dichte um diese Unit

= gut geeignet fur Karten mit grof3er Anzahl von units im
Verhaltnis zu Datenpunkten (Emergent SOMs)

= Ultsch, A.: Maps for the Visualization of High-Dimensional Spaces. In:
Proceedings of the 2003 Workshop on Self-Organizing Maps (WSOM),
Kyushu, Japan, 2003. pp.91-100.
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Dichte: P-Matrix

= |ris-Datenset, P-Matrix

4 : 5
5 1
4 1
i 1
2 1
-
3 2
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Visualisierung der Dichte

_________________________ .

Iris (grof})
P-Matrix
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm

- Activity Histogram

- Smoothed Data Histograms
- P-Matrix

- Sky Metaphor

- Neighborhood Graphs

= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Dichte: Sky Metaphor

e Conventionally, data items mapped “on unit’

« Sky: display them on their “exact” position within the unit,
not just in the centre

* Visualise similarity of an input with other inputs
— within the same
— across the neighbouring units

« Triangulation

« Khalid Latif and Rudolf Mayer.
Sky-Metaphor Visualisation for Self-Organising Maps. In
Proceedings of the 7th International Conference on Knowledge

Management (I-KNOW'07), Graz, Austria, September 5 - 7 2007.
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Dichte: Sky Metaphor

= Apply pull force to determine exact position

- Relative to the distance of the input to BMU
- Inverse proportional to the distance of the input to the other units

d(X, Ul) .
F; f 1
X 7 (x, U;') or I >
A NG, Ii% . L’
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Dichte: Sky Metaphor

= X and y coordinates of the exact position p of input x on
unit U,calculated as

1

3
<x> — Ul{x}

X 1
=2

<y> — Ula’iy>

k
p'(x?}r’:} = (A* ZF;* U
=2

= k:index over the 2 or 3 nearest units U,, ..U,

= A: grid-constant to reconcile the displacement according to

the display co-ordinates
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= Chain-link data set

Dichte: Sky Metaphor

FACULTY OF !NFORMATICS



Dichte: Sky Metaphor
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Dichte: Sky Metaphor
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Dichte: Sky Metaphor

= 20 newsgroups data set
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Sky Metaphor Visualisation

team coach COEI.Ch+ gerﬁan rangers canada ragers stars

+ ++ %
_+_

team gerald

hogkey sport hockey player
+ +
+
+ + 4

+

. .
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Sky Metaphor Visualisation
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm

- Activity Histogram

- Smoothed Data Histograms
- P-Matrix

- Sky Metaphor

- Neighborhood Graphs

= Distanzen
Klasseninformation
= Attribute

» Clustering der SOM
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Dichte: Neighbourhood

= show, which areas of the map are close to each other
based on density in input space

= how well the topology is preserved
= the location of dense or sparse regions

= Georg Polzlbauer, Andreas Rauber, and Michael Dittenbach.
Graph projection techniques for self-organizing maps. In Michel
Verleysen, editor, Proceedings of the European Symposium on
Artificial Neural Networks (ESANN'05), pages 533-538, Bruges,
Belgium, April 27-29 2005. d-side publications.
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Neighbourhood Graphs

= similar to P-matrix, but for pairs of units
= different levels of granularity interactive analysis

= 2 approaches:
- knn - based distances
- radius-based distances
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Neighbourhood Graphs: k-n
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Neighbourhood Graphs: k-n

1-nearest neighbor
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Neighbourhood Graphs: k-n

2-neares neighbors
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Neighbourhood Graphs: k-n
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n Neighbourhood Graphs:
................... Radius.......
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n Neighbourhood Graphs:
................... Radius.......

Radius: 1.0
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n Neighbourhood Graphs:
................... Radius.......

Radius: 2.0
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n Neighbourhood Graphs:
................... Radius.......
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n = Neighbourhood Graphs:
........ @.P.mjectign........

Input Space Map Lattice

FACULTY OF !NFORMATICS



[l

n Neighbourhood Graphs:
..._....‘.”.E.".".‘T.P.r.gj.ecti.on ........
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Neighbourhood Graphs:
............... P.r_()j.ecti.()n........

Input Space Map Lattice
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Neighbourhood Graphs:
............... P.r.()j.ecti.()n........

Input Space Map Lattice
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Neighbourhood Graphs:
............... P.r_()j.ecti.()n........

Input Space
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Neighbourhood Graphs:
............... P.r_()j.ecti.()n........

Input Space
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Example: Iris Data Set

FACULTY OF !NFORMATICS



Neighborhood Graphs: Iris

1-Nearest Neighbors Radius: 0.2
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Neighborhood Graphs: Iris
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Neighborhood Graphs: Iris
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10-Nearest Neighbors
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Neighborhood Graphs: Iris

Radius: 0.2
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Neighborhood Graphs: Iris
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Neighborhood Graphs: Iris
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Neighborhood Graphs: Iris

Radius: 0.2 Radius: 0.4
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Neighbourhood Graphs

= Show relationship between input & map space
= Radius method: focus on density

- for clusters of different size

= Nearest neighbors: focus on cluster size
- for clusters with different densities

= High parameter values:
show clusters and their connections

= Long lines: topology violation
(quality indicator)
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Neighborhood Graphs

Fragen

= \Was ist der Unterschied zwischen der Radius und der
nn-Methode zur Ermittlung der Nachbarschaft?

= Wann werden die beiden Methoden unterschiedliche
Ergebnisse liefern? Welche Aussagen konnen abgeleitet
werden, wenn sich die Ergebnisse unterscheiden?

= \Wann hat nn ein dichtes Liniennetz, wann die Radius-
Methode?

= Was sagen lange Linien aus, die quer uber die Karte
gehen?
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

- Hit Histogramm

- Activity Histogram

- Smoothed Data Histograms
- P-Matrix

- Sky Metaphor

- Neighborhood Graphs

= Distanzen

= Klasseninformation
= Attribute

» Clustering der SOM
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

- Minimum Spanning Trees

- Cluster Connections (CC)

- D-Matrix

- U-Matrix

- U* Matrix: U-Matrix + P-Matrix

- Vectorfields: Flow / Borderline
» Klasseninformation
= Attribute

= Clustering der SOM
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Distanzen: MSPT

= Minimum Spanning Tree

- MSPT der Vektoren
- MSPT der Units
1 \\
: \\“\\\
: NN
autnS RN
— AN
z | \ N
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte
= Distanzen
- Minimum Spanning Trees
- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
= Klasseninformation
= Attribute

= Clustering der SOM
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Distanzen

= Berechnung der Abstande zwischen den
Gewichtsvektoren
- kleine Abstande: ahnliche Datenpunkte
- grolde Abstande: Clustergrenzen

= verschiedene Verfahren
- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
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Distanzen: CC

= Cluster Connections (CC)

= Berechnung der Distanz zwischenbenachbarten
Gewichtsvektoren im Datenraum

= Einzeichnen von Verbindungen im Ausgaberaum
= Schwellwerte, Graph
= erlaubt interaktive Ermittlung der Clusterstruktur

= Dieter Merkl, Andreas Rauber: Cluster Connections -- A
visualization technique to reveal cluster boundaries in self-
organizing maps. In: Proc 9th Italian Workshop on Neural Nets
(WIRN97), Vietri sul Mare, Italy, Springer, 1997.
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Distanzen: CC
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Distanzen: CC
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Distanzen: CC
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Distanzen: CC
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen
- Minimum Spanning Trees

- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
= Klasseninformation
= Attribute

» Clustering der SOM
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Distanzen: D/U-Matrix

berechnet aus Distanz zwischen benachbarten Units
D-Matrix: durchschnittliche Distanz der Unit zu Nachbarn

U-Matrix: Interpolationsfelder mit Distanz zu jedem
Nachbarn — feinere Auflosung

veranschaulicht Clusterstruktur

,Berge” (hohe Werte): Clustergrenzen

,1aler’ (niedrige Werte): koharente, ahnliche Regionen
2D oder 3D Ansicht

A. Ultsch.: Self-organizing neural networks for visualization and
classification. In Information and Classification. Concepts, Methods
and Application. Springer Verlag, 1993.
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Distanzen: D/U-Matrix

= |ris Dataset:

D-Matrix
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Distanzen: U-Matrix
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen
- Minimum Spanning Trees

- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
= Klasseninformation
= Attribute

» Clustering der SOM
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Distanzen + Dichte: U*

= P-Matrix: zeigt Dichte der Daten auf Nodes
= U-Matrix zeigt Distanzen/Clustergrenzen
= U*-Matrix: Kombination von U-Matrix und P-Matrix

= Ultsch A. U*-Matrix: A Tool to Visualize Cluster in High-Dimensional
Data. Tech. Report, Dept. of Mathematics and Computer Science,
University of Marburg.
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Distanzen + Dichte: U*

= |ris Dataset:
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Distanzen + Dichte: U*

= |ris Dataset:

P-Matrix
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Distanzen + Dichte: U*

Fragen

= Welche Aussagen lassen sich aus der P-Matrix ableiten,
welche aus der U-Matrix

= Welchen Sinn macht die U* Matrix — wann ist sie besonders
wichtig?
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen
- Minimum Spanning Trees

- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
= Klasseninformation
= Attribute

» Clustering der SOM
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Distanzen: SOM Vector
Fields .. .

Vector field graphs show

which areas of the map are close to each other
relationships of groups of attributes

Georg Polzlbauer, Andreas Rauber, and Michael Dittenbach.

A vector field visualization technique for self-organizing maps
In Tu Bao Ho, David Cheung, Huan Li, editors, Proceedings of the
Ninth Pacific-Asia Conference on Knowledge Discovery and Data
Mining (PAKDD'05), pages 399-409, Hanoi, Vietnam, May 18-20
2005. Springer-Verlag.

Georg Polzlbauer, Michael Dittenbach, Andreas Rauber.
Advanced visualization of Self-Organizing Maps with vector
fields. Neural Networks, 19(6-7):911-922, July-August 2006

FACULTY OF !NFORMATICS



SOM Vector Fields

= similar to U-matrix, but for pairs of units

based solely on units' weight vectors

different levels of granularity (interactive analysis)

optimized for engineering disciplines

FACULTY OF !NFORMATICS



Bl ctor Field Principles

= Vector field representation
= Vectors pointing to cluster centers

= Smoother version of U-Matrix

. bl . ... low distance

Q ... medium distance
Q® . high distance

e

O

‘ ‘ .......................... Ty SRSy



Hfw Computation

1. calculate distances




B¥w Computation

1. calculate distances

2. weight with kernel
function
(different levels of
granularity)
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B¥w Computation

1. calculate distances

2. weight with kernel
function

3. divide into positive and
negative h/v directions
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B¥w Computation

1. calculate distances

2. weight with kernel
function

3. divide into positive and
negative h/v directions
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B¥w Computation

1. calculate distances

2. weight with kernel
function

3. divide into positive and
negative h/v directions

4. calculate sums of all

contributions
h-component
—— of vector ——
sum =125 -> sum = 98
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B¥w Computation

1. calculate distances

2. weight with kernel
function

3. divide into positive and
negative h/v directions

4. calculate sums of all
contributions

V-component

of vector l

h-component —
of vector sum = 57
=S
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B¥w Computation

1. calculate distances

2. weight with kernel
function

3. divide into positive
and negative h/v
directions

4. calculate sums of
all contributions

5. aggregate h/v components
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How vs. Borderlines

= Flow

- arrows point to cluster centers
- length shows intensity

= Borderlines « ,4,_,
- dual tati
ual representation » w V

- rotate arrows by 90 degrees
- show cluster boundaries
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mhw/Borderlines
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w/Borderline: sigma =1
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Ahw/Borderline: sigma = 3
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yw/Borderline: sigma =5
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w/Borderline: sigma = 15
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen
- Minimum Spanning Trees

- Cluster Connections (CC)
- D-Matrix
- U-Matrix
- U* Matrix: U-Matrix + P-Matrix
- Vectorfields: Flow / Borderline
= Klasseninformation
= Attribute

» Clustering der SOM
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation
- Pie Charts / Patches
- Class Coloring:
* Chessboard
 Color Filling with Attractor

= Attribute
» Clustering der SOM
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Klassenvertellung

= Klasseninformation: Verteilung der Klassen auf die Knoten

= Standard-Ansatze:

- diskrete Behandlung der Knoten
- Pie Charts: mit GroRenanderung / ohne Grolienanderung
- Uberlappende Patches

= Class-coloring, Chessboard-Visualisierung

- Einfarben der gesamten Karte
- bessere Visuelle Eindriicke der Ubergange und Durchmischungen
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Klassenvertellung

o -
= Pje Charts: ohne i Istogra




BFIV Klassenverteilung
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V- Klassenverteilung
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20-Newsgroups Benchmark

Datenset

Je 1000 Postings pro newsgroup
Hierarchie von Newsgroups

Full-term indexing

Worter auf Wortstamme reduziert

Eklassenverteilung

alt.atheizm

comp.graphics
Comp.os.ms-windows misc
camp.sys.ibm. pc hardware
Ccamp.sys.mac. hardware
COMm P fd owes, x
mizc.forzale

rec.autos

rec.motorcycles
rec.zport.bazeball
rec.zport.hockey

sCl.crypt

zCi.electronics

zCi.med

=Ci.zpace
soc.religion.christian
talk.palitics.guns
talk.politics . mideast
talk.politiczs.misc
talk.religion.misc
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation
- Pie Charts / Patches
- Class Coloring:
* Chessboard
 Color Filling with Attractor

= Attribute
» Clustering der SOM
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Klassenvertellung: Class

= Color SOM with class information

= Similar to pie chart representation

= 2 visualization types:
- chessboard visualization
- color flooding with attractor

FACULTY OF !NFORMATICS



Klassenvertellung: Class
C.Q.l.().r.i.n.g .........

= Taha Abdel-Aziz: Coloring of the SOM based on Class
Labels. Master Thesis, Department of Software

Technology and Interactive Systems, Vienna University of
Technology, October 2006.

= Rudolf Mayer, Taha Abdel Aziz, and Andreas Rauber.
Visualising Class Distribution on Self-Organising Maps
(accepted for publication).
In Proceedings of the International Conference on Atrtificial
Neural Networks (ICANN'0O7), Porto, Portugal, September 9
- 13 2007. Springer Verlag.
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Class Coloring: Attractor

= Chessboard Visualization:
- Voronoi Tesselation

- color voronoi cells with patches accoridng to percentual
share of class

- opt.: set frequency threshold for small classes

FACULTY OF !NFORMATICS



VIENNA

TVl Class Coloring: Chessboard

Chessboard:

= Step 1: Class information pie charts

B8l som viewer - data_music/ISMIRrhythm/som/ismir_rhythm.wet.gz

Bie Veusation Paette Ousterng Export Labeling Window
+ l} l.ﬁ?. ela E

OMpovevew ool B som S |

-9 ® 128130 120: @7 @:P:s D@00 1 @020 g @) qpd
4..1.. _4‘.6 o |__._$..2..2.. .B‘.._ ol (e .4f. o
T s 15..?..1._ .2 '.?'.3..3..1..1 . .2._2 ' ST = aisin =

10:0 00 0.0 :0:9:6 1@:@: 0 V@) € 2 ¢
0. ® .00 0:0:0 1 0.0:0:0 0:0 0:0
+19:0 :0.4 10:09: € 1@ 1@sd 2 L
7..5..4.-3 ). 0- 0| .2..3 Dh .2.- .z' .1..?‘.4.. -0l
[ 6.. —Tele LeLelel .1. .1..1 T T el e

show HIEHSE..

S > @ 5'2'2'1'2-1'2‘5‘1.12'1'2' 1 @

Ddaskgnd  of'd B

g"“‘igu =i 00 0:0:0: 1 0. 0:0910:0:0:©":0:0:0:¢
HEE | | | . | | . | | . . | |
Drae g B G s @ s @ : D @=2Pr " h @ 1 @al 3 @ 1 @
i paletie loaded!

Dot rr 5 @101 0:0:0:01@ 1@ @D 0L s@ @)L ¢
1 @2 @ : 9@ Q:@ 2@l ! 1] @1 ¢ o
704@:9:9:9: Q0P "2 s By hs@ Q@0 ¢

=i £SEME SI5PM
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VIENNA

TVl Class Coloring: Chessboard

M Viewer - data_music/ISMIRrhythm/som/fismir_rhythm. wgt.gz

B Veuskration Pakette Oustering Export Labeling Window

¢ @ = a@

Ompovervew  o*d Bl som |
12 3 12 B 4 a8 0
—
4 3 3 8 2 1 4 1
Bl rmysom conral -
P, fed s 2 | b 8 1
REMEVE 5...
0 3 1 2
[ class legend o B
Chathacha 4 1 1
Ive
Quickstep
FUmE
camba 2 1 3 1 2 3
SlowiWaltz
Tanao
4 2 2 4
Fie rarne search: a 2 I 1 L
show HIEHEE...
chear HE HEtogram R ! ! ]
4 1 ]
[ paette od B 5 3 2 3 1
o palette loaded! p—
[ visusksation cont... o &' B 1 3 3
opaoty: | 100]3] e
¥ Voree...  Chessboard ¥ 2 2 b 1 5 2
MU Visk ... 1005
wane | |B7 b I } | I . b '

'of ;e 1: Fri(0.0,10.0) - end2: Prit(10.0, 10.0)end 1: Prit(10.0,10.0) - end2: FrR(10.0,0.0)end 1 PRt{10.0,0.0) - end2: Pt(-0.0,0.00end1: Prit-0.0,0.0) — endz: Prit(0.0,0.00end 1: Prit0.0,0.0) — efdd: PTt(0.0, 10,0}
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Class Coloring: Chessboard

= Step 3: Chessboard-style pixel coloring according to
class frequency

8 som viewer - data_music/iSMIRrhythm/som/fismir_rhythm. wgt.gz

B Voudsaton Pakttu Clsterrg Export Libeing Widow
#|37 o
Ompovaves oo B[ Fsom

33;3 '

1 1
Bl rtaysomconrel - o H = | | |
Flry select.., Play al . 1
REMoves.. | EXportFL. |

Show Rhythen Pattem |
{Fie name search;: -
3 "
how HEHEL . | 1
chaar HE Hstogram
[ Clirss egerd d @

ChaChatha e -
"
& B

e
Guackstan
Pumba

) Falette U5
hio palatte loaded!

[ Viosusskiation cont... o &' B

;' ’ . .z

wd i fy ot e s27M
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VIENNA

TUl Class Coloring: Chessboard

SOM Viewer - data_music/ISMIRrhythm/som/ismir_rhythm.wst.gz

Fle Viuaizaton Palette Clustering Export  Labeling  Window

EEELICT I

[ Map overview @ & E Fsom

= final:

| 3 Playsom control - o &' B
Play select. ., Play al

Removes... ExportPl... ‘

el 1 1 4 3 2
2 4 1 2 et
A
2 3 3 1 4 2 5-. ol
Show Rhythm Pattern ‘ — - L
File name search: 3 ‘ 2 6 a’. '2 ": | s 1 7
1 showr Hit Hist... ® faf - : ;' -_ . -1
clear Hit Hl.s.togr.am ‘ ‘. .;‘T.. - 2 B “| .- : 1 2 1 2 1
Bl classlegend 7 il E g . ¥ |
ChaChaCha = e 5 ) e .
Jive g ' 8, 1 4 % 1 3 5 4 4
Quickstep = il gty . . T
RumE)a J o ( —~ h
[ Paktte e E . £ - |3 1 1 j : - ) 1
. L
Mo palette loaded! T = L - -
[ visualisation cont.., o & B ] 1 2 3 4 5 2 W .4
Cpacty: i . :ﬂ
Cvaren... Chessboard ¥ _‘:. N p { 5 1 2
Minimuim Yisible ., o] =S i _T1 g *' .
pdate %= 14 7 1 2 £ a3 2 2 6 4
di T .8 -

‘s Start m ECBET 2 EF R | ML
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Class Coloring: Chessboard

B el
..’.:l !
s -
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Class Coloring: Attractor

= Attractor Flooding:
- Voronoi Tesselation
- Fill with dominant class color
- Identify neighboring class distributions
- |dentify attractors

- Flood-fill style coloring along attractors according to
frequency

- opt.: set frequency threshold for small classes
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U Class Coloring: Attractor
........ @....Fl.ooding..._....

Attractor Flooding:

= Step 1: Class information pie charts

B8 som viewer - data_music/ISMIRrhythm/som/ismir_rhythm.wgt.gz

Bl Veudaton Pakite Ousteng Export Labeing  Window
¢ 39 = a@
Ompoverview  o*f B som L |

: @ 1@ 128 138 1270:@ @ Ps D@3 0401 @502 g @) qpd
1@ @ 19:0.0.0:0:0 a 2@ h @ 1 @ + @ 1 @
Bl ftaysom conrol &’ B ! I I I | I ! I I I } } | I
::;x: Pvd 40 @@ :D2:90:90.9.0:0:D 8 N EY BY
1190: 9909 ® @ 19:9:60 1@:®.4 1@ 2
-9 @ D19 9:9:€ 1014 ¢ 1@:@: D20
. 90 2 @+ @ Y I @ 1@l 2 1 Y
1 @P:s@:@:D:205 Y 1Y | Q196+ @ a2l um
IFibe rame search;: 6. 3 a3 ‘ 2 | 5 | 54 2 'I. 1.1 | 1 | 7 |
show Ht HEL... |
chaar HE HEtogram | I | |
— u‘lﬂ'E2. c@2Pp2Pp ' 2D 1004 1@ T2 1
%’jﬁﬁu W— 14 1.1.1.3'2.2 1 4‘3.—11'2.2'3‘1 3 s@:O4 ¢
Rumba {
Blpass <o @ & @ s P : D @:=2Pr ' @2 1 @al 2 @ 1 @
hio ptette knaded!
Bt B 01+ @ 10:9:90: 0@ 1@ X TEFIEY NI Y B 1@y d
19:0 1919109 @ 2@l ! 1! @1 ¢ 2
7019, 90:9:Q9:Q:20:P7 ' 2 s Byl @ 20 2@ 6

ot e 5s5PM
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Class Coloring: Attractor
.....Fl.oodi.ng........

= Step 2: Voronoi Tesselation

TU

VIENNA

M Viewer - data_music/ISMIRrhythm/som/fismir_rhythm. wgt.gz
Bl Veualzation Paktte Cistering Ejport Labeling  Window
& 3|F) e al
Ompovrver &8 B oom AL |
12 3 12 B 4 a8 0
e
4 3 3 8 2 1 4 1
Bl rsysomconral o
Fay s P 5 2 ] 4 8 1
REmove 5...
0 3 1 2
[ class legend o B
Chathatha 4 1 1
Ive
Quickstep
Fumba
Samba 2 1 3 1 2 3
SlowiWaltz
Tanao
4 2 2 4
Fie namne search: 3 2 1 1 b
show HItHEE..
chaar HE HEtOgram
o s b : ! 1
4 3 1 b
£ palette & 5 3 2 3 1
o palette loaded! p—
[ visusksation cont... o &' B 1 3 3
T= —
opacty: | 1002
¥ Yorcn... Chessboard ¥ y | ¢ 4 1 5 2
Mirimurm Yiskk ... 1003
a7 . | b} (= }F |
o end 1: Fnb{0.0, 10.0) - endZ2: Prit{10.0, 10.0)end 1: Prit(10.0,10.0) - end2: Ft(10.0,0.00nd1: Prit(10.0,0.0) ~ end2: Pr(-0.0,0.00end1: Prit(-0.0,0.0) —~ end2: Prtf0.0,0.00end1: Pitf0.0,0.0) — efid2: PIR(D.0, 10,0}
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U Class Coloring: Attractor
........ Wﬁ.....l;l.()odi_ng...__...

Viewer - data_musi trhy smir_rhythm.wgt.gz
Be \oudiaon Paktte Cisteng Export Labeling Window
$[f| e =| @
Ompovavew  o'd B[ som S |
12 3 B 0
s 2 1
Flraysom conrel & B i ;
Flay select... Flay al 2 8 1
REMOVE ... | |
1 2
—
4 1
= y pre—
2 3 2 3
— —
4
; ! e
[Fie name search;: 3 : i Y?
how HEHEE . |
chaar HE Hstogram | & | 1
[ Clarss begend d B
CruChaCha =
Jve w— 1 '
Guackstan
Ruariba L e—
53 Paietie 5 o0l € 3 y
o palette loaded! — N —
[ Visusksation cont... o &' B 3
—_— M
Qpacry: | 100[.| |
o VOro... | Chessboard v ! P I 2
Mrimum Visde .., 100|7
Lpdate. 2

[Error: end1: Pritip.0, 10.0) — endz: PRIE.D,0.0)end 1 FTiti-0.0,0.0) — endz: PIE(10.0,0.0)end L: FI(10.0,0.0) - endZ: Pt 10,0, 10.0)end L: Pt 10,0, 10.0) — endz: PTiti0.0, 100" |
=i &HME s21PM

FACULTY OF !NFORMATICS



Class Coloring: Attractor

P

dominant classes dominant classes dominant classes dominant classes
and line segments and line segments and line segments and line segments
finished coloring finished coloring finished coloring finished coloring

(B) (C) (D)
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Class Coloring: Attractor

= Step 5: flood-fill along attractors according to class
frequency

8 som viewer - data_music/iSMIRrhythm/som/fismir_rhythm. wgt.gz
B Youdsaton Paktte Custeng Export Libelng  Wiridow
$||w| ||l
Ompovavew  o'd B[ som S |
' 1
[ PlaySam Conr
Flay sslect... Flay 8 1
......... | |
1 2
- eem
= e pre—
— ——
. s
" —
e rame search;: i Y?
how HIT HEE . |
chaar HE Hstogram | | 1
[0 s begend od E
wChaCha —
ackaten 0 l '
R.I.l'nb.'l - ypee—
DY Paietie 2 ool y
o palette loaded! pr—
[ Visusskation cont... o &'
—— el S
Opatty: | 100/ .|
o Woron... ! Chessboard ¥
Mirimum Vistde ... ols
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TU

VIENNA

final:

lass Coloring: Attractor

Fle Visualzation Palette Clustering Export Labeling  Window

REEELICTT N

ElMap overview = & Bl 5jsom: @

\
. FlayS0om ntro “ - - }

Play select.., Play al I

Remowve s...

ExportFl.. |

Show Rhythm Pattern

Fie narme search: | : :
[ show Hit Hist... flat |
clear Hit Histogram

| = 2 1 2 1
B Class legend

ChaChaCha

e .
Quiickstep 3 5 4 4
Rumba

Palette i !
Mo palette loaded!

[ visualisation cont... o & B o 5 A . I A

opacity:

[ voron... [ Chessboard ¥

Minimum Visible .., o

- 3 2
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Class Coloring: Attractor

100% 50% 25%
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TVl Class Coloring

VIENNA

Radio Search data set:
chessboard and attractor flooding

IpUs5R 0% Sy pn

PRL LI ee s
2659y E'
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation

= Attribute

Component Planes

Clustering of Component Planes
Metro Maps

Vectorfields: grouped Flow

= Clustering der SOM

FACULTY OF !NFORMATICS



Attributes

= Analysis of individual attributes or groups of attributes
= Distribution of attribute values
Correlation between attribute values

= different visualizations
component planes

clustering of component planes
metro maps
(component-based flow)

FACULTY OF !NFORMATICS



Altributes: Component
................... Planes.........

= Component Planes

= ,Horizontal slice™: color each unit according to the value
of a given attribute

= Analyze regularity of distribution:
- clear gradient
- islands with high/low value
- quasi-random, no structure
- analyze correlations

FACULTY OF !NFORMATICS



Altributes: Component
................... Planes.........

= |ris Dataset — Component Planes

l= sepal width

petal width

FACULTY OF !NFORMATICS



n Altributes: Component
................... Planes.........

= |ris Dataset — Clustered Component Planes

A7
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n Altributes: Component
................... Planes.........

= |ris Dataset — Clustered Component Planes

20
v
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Altributes: Component
................... Planes.........

= |ris Dataset — Clustered Component Planes
- linear 7x1 SOM

sepal width sepal length petal width petal_length

FACULTY OF !NFORMATICS



TUAttributes: Component Planes

Component Plane: Vaﬂebiptbnent Plane: Vaﬁabipbnent Plane: Veﬂabipanent Plane: Vaﬂabipénent Plane: Variable5

, 9

._.va‘h'F..

& 12N ,;

Component Plane: Va@abipbnent Plane: Va@abipbnent Plane: Vaﬂebip&nent Plane: Vﬂm‘ntmﬁhent Plane: Variable10

A *ﬁi "

Component Plane: Va’r]abiemment Plane: Va@abiedent Plane: Va’ﬂabipd)aent Plane: Ve(r]ableMent Plane: Variable15
- A r'w h ,n
® %
‘ -
’“ 3 & w
1 L / M”“
t ' 3

Component Plane: Vaﬂabipﬂ)ﬁent Plane: Veﬁabiptb?ient Plane: Va@abipd8ent Plane: Vaﬁabiptbﬁent Plane: Variable20
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation

= Attribute

Component Planes

Clustering of Component Planes
Metro Maps

Vectorfields: grouped Flow

» Clustering der SOM

FACULTY OF !NFORMATICS



Attributes: MetroMaps

= Component Planes provide overview of attribute value
distribution across SOM

= Multiple images (1 per attribute)

= Difficult to comprehend

= Hard to understand correlations between attributes
= MetroMaps

- concept of skewed distances

- simplified structure

- aggregation of correlated component planes
- overlay to any colored SOM visualization

FACULTY OF !NFORMATICS



Attributes: MetroMaps

= Robert Neumayer, Rudolf Mayer, Georg Polzlbauer, and
Andreas Rauber. The metro visualisation of component
planes for self-organising maps. In Proceedings of the
International Joint Conference on Neural Networks
(IJCNN'07), Orlando, FL, USA, August 12-17 2007. IEEE
Computer Society.

= Robert Neumayer, Rudolf Mayer, and Andreas Rauber.
Component selection for the metro visualisation of the
SOM. In Proceedings of the 6th International Workshop on
Self-Organizing Maps (WSOM'07), Bielefeld, Germany,
September 3-6 2007.
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TV Attributes: MetroMaps

VIENNA

= London Metro Map
1932 1933

[a T
Aarmtary [ Hadiarient Lrmy . —nu-muuw- .....

......[M""__J_ .'?.":E::.'.'.".rzu.'
3 =
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Attributes: MetroMaps

Component Planes

= Single component plane:
visualization of 1 model vector
component across map

= continuous gradients

FACULTY OF !NFORMATICS



Attributes: MetroMaps

Discretization
= Discretization of values

= Binning into n bins

FACULTY OF !NFORMATICS



Attributes: MetroMaps

Component Lines
= Computation of centers of gravity
= |nterconnecting lines

= revealing the gradient of
single components

FACULTY OF !NFORMATICS



Attributes: MetroMaps

Aggregation

= (Calculate distance between
component lines

= based on minimum
pairwise distances

= Cluster component
lines

= Visualization of
aggregated subset

FACULTY OF !NFORMATICS



Attributes: MetroMaps

Selection

= use only components with consistent scattering
= ratio of number of bins divided by number of closed regions

= select component lines that have a high ration, i.e. little to
no scattering /local minima

FACULTY OF !NFORMATICS



Attributes: MetroMaps

Snapping

Visual enhancement

Snapping component lines onto
SOM grid

Allowing only horizontal,
vertical, and 45 degree

lines
Clearer structure .
S o)
—5
Q;
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Attributes: MetroMaps

= [ris Data Set
- Metro Maps, unsnapped

3 bins 6 bins 9 bins

FACULTY OF !NFORMATICS



Attributes: MetroMaps

= [ris Data Set
- Metro Maps, snapped

@)
O OO0
0 iﬁ
O
O
O
()
|
3 bins 6 bins 9 bins
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Attributes: MetroMaps

= Boston Housing Data
- UCI Machine Learning Repository
- describes households in Boston
- 906 instances
- 14 attributes
- 20x16 SOM
- discretization based on 6 bins
- U-matrix as background visualization

FACULTY OF !NFORMATICS



Attributes: MetroMaps

component planes binned
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Attributes: MetroMaps

I [
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black
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. ey
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Attributes: MetroMaps

FACULTY OF !NFORMATICS



Attributes: MetroMaps
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Attributes: MetroMaps
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation

= Attribute

Component Planes

Clustering of Component Planes
Metro Maps

Vectorfields: grouped Flow

» Clustering der SOM
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Flow: Groups of Attributes

= Flow-based visualization for groups of attributes

= Attributes may be grouped by
- clustering: data correlation
- semantics: source, type of information

= Up to 3 groups can be meaningfully interpretable

FACULTY OF !NFORMATICS
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Outline

Visualisierungen der SOM
= Textuelle Informationen
= Dichte

= Distanzen

= Klasseninformation

= Attribute

= Clustering der SOM

- flach: k-means
- hierarchisch: single/complete linkage, WARD,...
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Clustering the SOM

Clustering: Unterteilung der Karte in Regionen

k-means: erzeugt k Cluster

Berechnung ahnlich SOM

nicht deterministisch: Ergebnis bei gleicher Eingabe
(=SOM) nicht unbedingt gleich

Juha Vesanto, Esa Alhoniemi:Clustering of the Self-Organizing Map.
IEEE Transactions on Neural Networks 11(3):586-600. 2000. IEEE.

Angela Roiger: Analyzing, Labeling, and Interacting with SOMs
for Knowledge Management. Master Thesis, Department of
Software Technology and Interactive Systems, Vienna University of
Technology, March 2007.
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 k-means

Clustering
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Clustering: Hierarchisch

= Baumstruktur, baut Hierarchie von Unterteilungen auf

= jeweils 2 Cluster werden zusammengefaldt, ergibt nachste
Ebene

Hierarchie kann als Dendrogramm visualisiert werden

Verschiedene Ansatze
- single linkage

- complete linkage

- WARDSs clustering
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Hierarchisches Clustering

FACULTY OF !NFORMATICS



4+
3r
.
1l
or

=

-5

Clustering
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Clustering
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Ward clustering,
2 clusters

complete-linkage, |e
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Eblustering

= Beispiel: 20 Newsgroups
= Benchmark Datenset

= Je 1000 Postings pro
Newsgroup

= Hierarchie von Newsgroups

= Full-term indexing

= \Worter auf Wortstamme
reduziert

alt.atheizm
comp.graphics

Comp.os.mas-windows misc
camp.sys.ibm.pc hardware
Camp.sys.mac. hardware

COMm puwd fd owes | x
misc.forzale
rec.autos
rec.motorcycles
trec.zport.bazeball
rec.zport.hockey
sCi.crypt
sCi.electronics
zCi.med

sCi.zpace
soc.religion.christian
talk.politics.guns
talk.politics.mideast
talk.politics.mizc
talk.religion.mi=sc
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=20 Newsgroups: Ward+Labels
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Outline

= SOM Basics

= Visualisierungen

= SOM Qualitatsmale -
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= SOM Comparison o 5
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= Verwandte Verfahren & Architekturen™ *® _ ***® Bl ki

= Applikationen
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