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Stochastic Gradient Descent 
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Stochastic Gradient Descent 
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Hard Competitive Learning 
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Neural Gas (Martinetz e Schulten, 1991) 
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Neural Gas 
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Neural Gas 






Online Learning and Self-Organizing Systems [14] Artificial Intelligence   2015-2016 

Self-Organization 
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Example: Bénard cells (Self-Organizing System) 
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Example: liquid crystals (Self-Organizing System) 
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Adapting units or networks? (competing vs cooperation) 
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Self-Organizing Maps (SOM) (Kohonen, 1985)  
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Self-Organizing Maps (SOM) 
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Voronoi and Delaunay 
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Voronoi and Delaunay 
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Voronoi and Delaunay 
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Voronoi and Delaunay 
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The Delaunay graph is a triangulation 

that maximizes the minimal angle of 
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Hebbian learning  and  Delaunay graph 
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Neural Gas with Hebbian Learning 
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Growing Neural Gas [Fritzke, 1995] 
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Growing Neural Gas (GNG) 



W = { u1 , u2, ... , un } wi Rd 

C age
x Rd P(x) 

wi

x P(x) 

b s x 

(b, s) C age 0



age C 1

Tage 

biiii

bbb

ibiwxw

wxw









C),(|)(

)(



Online Learning and Self-Organizing Systems [28] Artificial Intelligence   2015-2016 

Grow-when-required networks [Marsland, 2002] 
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Learning topologies 


