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Datamining Techniques for
Biomedical Data

T:m Outline

roup

I Datamining - ...uncovering the unexpected
I Dimensionality Reduction
I PCA, SOM, Sammon-Map
I Time-Series Analysis / Modeling
I State Space View of Time-Series
I Multi-Layer-Perceptron / TDNN
I Complementing Sonibcations
I e.g. Sonibcation Model of Data Sonograms
I Conclusion
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Fit for living in

high-dimensional spaces?

I Imagine you live in a 50-dim. space
I 'You are hungry!

I Do you prefer an orange or an apple
of same radian?

I Take the apple!

I Volume concentrated
on the surface!
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e Gamesin
high-dimensional spaces

the (50-1)-dimensional table.

| win, else you win?

I | offer a game: we throw 2 Mikado sticks on

I Only if they fall almost orthogonal (85j-95;)

90;

I Would you play against me? | 4—»

e I— |

! hd. random vectors are mostly v
orthogonal!!! 150

: 100
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armrmE Interpretation

Group

I Intuition often fails when it comes to high-
dimensional spaces!!!
| But: data live in these spaces, and we tend
to apply familiar geometric concepts!
I How can we improve our Intuition?
I Lossless/Lossy Dimensionality Reduction
I' Nonlinear Projection Types... (SOM/Sammon)

I Other approaches, e.g. sonification to
complement misleading geometry
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o State Space View

Group

I Dataset table
I Rows: Instances / Samples
I Columns: Features / Measurements

I Time-series: state space trajectory
I else: data point cloud / sample of distribution
I'" Neo/NST data inspecti
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g Principal Component Analysis

Group

| Generative Model: x=f(y)+/
I Embedding vs. intrinsic dimension
I linear dependencies
I nonlinear dependencies
I PCA finds directions of largest variance

C..=(x"-nf (x* -n)

% / C=UDU, X&XU

E = 2 unused eigenvalues
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Self-organizing maps

I Adapt low-dim. grid into high-dim. space
| preserve topology/similarity
I Fovea effect: adaptive resolution

used to render
embeddings
into a low-dim.
projection space
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Multidimensional Scaling
Sammon-Map

I Minimize Distortion on squeezing data into a
low-dimensional space

I here: 3d to 2d é i °—P

I Error Function A B

N, F
ZDU \l',; D,

Y

| Suited for rendering Par.-Mapping-Features
I Example: Iris data / animals
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pr=rE Time Series Analysis
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Time-Delay Neural Networks

I Predict new value from previous k values

actual new value l
difference error
: — T\ Trajectory
xl+1 r )
v Tx‘ _ =

. il 1 —: C

1 ~ 1- -

Xt-2 i oo Xi-2 o= g = Xty
X1-3, X1_3v - 5 predicted
l Series of value

previous values f Neural Network

Deterministic Part + Noise: Example (x. Serra): &) &) &)
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Nature of the

Datamining Process

1. Human mind aims at @nderstanding the data®
2 explicit modelling

3. explains certain facets of the structure
4. What are the unexplained parts?
)

6

" Exploratory Data Analysis
goto 1
I Closed-Loop process!
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g Conclusion

roup

I Datamining Techniques are suited to
separate the already known structure

I Sonibcation can concentrate on the
unknown parts of interest

I insights (linsounds') can be made explicit
and lever datamining part vice versa

I Datamining & Sonilkcation go hand in hand!
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Sonification complement to
visual information

I Data Sonogram (spatial scan) conveys
distance-related information

I ...lost in visual displays!
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