Simple competitive learning

Introduction to artificial neural networks . . .
« akind of unsupervised learning

* Features: i \O y
- linear neurons '
- winner: y = max {w7.x} x () (¥
Competition in neural networks + i.e. best matching unit ¢ :
Self-organizing map - winner-take-all adaptation: : e
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Department of Applied Informatics « algorithm: in each iteration
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- find winner, adapt its weights
* useful for clustering
Feature mapping Lateral interactions in the map
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Neighborhood function in SOM

« computationally efficient substitute for lateral interactions
* neurons adapt only within the winner neighborhhod

* neighborhhood radius decreases in time

« rectangular neighborhood (below)
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« alternative: gaussian neighborhood

Example: 2D inputs, 20x20 neurons
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SOM algorithm  (Kohonen, 1982)

* randomly choose an input x
* find winner i* for x
* adapt weights within the neighborhood

w, (r + l) =W, (r)+ a(r)- h(f*7 i)~ [x(r)— w, (r)]
* update SOM parameters (neighborhood, learning rate)
« repeat until stopping criterion is met

i* = argmin |x - W, ||
i

N derived from general hebbian form:

AW =y X — Yw.
velkost okolia 2 =X —gy)w,

1/0 mapping:
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Magnification factor

* SOM tends to approximate input distribution
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Theoretical analysis

* restricted to simple cases (1D or 2D inputs, 1D map)

» vector quantization g]a( = L& ., ’
» error functions ima(n=0" =72 2 2 Mimx—w,]|
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. . i=1 x;€Q; m=1
* weight ordering (Razicka, 1993)

* weight convergence

2o(t)=c
=0
lim a(f)=0
f—ee

(Ritter, Schulten, 1988)

Vector quantization

Voronoi compartments:
V= (x| lewl< |x-w], V=i

Topology preserving

mapping

SOM performs 2 tasks simultaneously

Voronoi tesselation
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Comparison of SOM to PCA

« feature extraction and mapping, difference in feature representation
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Application: Minimum spanning tree Application: Lexical maps

(Kohonen,1990)
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Application: Robotic arm control Related self-organizing algorithms
o Kontrolné » common features: competition, cooperation
Neurénova monitory s ; .
sief « distinctive feature: architecture, feature mapping
o Algoritmus Redukcia dim.  |n=Xkonst. Monodim. graf |Fix. topologia
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