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Hamiltonian dynamics and

neural networks




Harmonic oscillator
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Dissipation
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Symmetric network


• Equivalent if p=b+Wx
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˙ x + x = f p( )

˙ p + p = b + Wf b + Wx( )
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˙ x + x = f b + Wx( )



p=b+Wx is an invariant

manifold
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Hamiltonian form
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Energy dissipation
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Antisymmetric networks


• Equivalent if p=b+Ax
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˙ x = f p( )

˙ p = Af b + Ax( )
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˙ x = f b + Ax( )



p=b+Ax is an invariant
manifold
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Hamiltonian form
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Excitatory-inhibitory networks
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Phase space dynamics


phase space 
(x,y,px,py) 

attractive

invariant
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