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y = f(x, t)

Neuron model
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Hodking-Huxley

Integrate and fire

Spiking Neuron

Rate models

Compartmental models

Realism
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Integrate and fire

Spiking Neuron

Rate models

Compartmental models

Realism / complexity

Large temporal scale

Ionic currents

Spatial structure, ...

R and C in parallel,  f(V)

f(τ)
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Hodking-Huxley



Hodking-Huxley

Integrate and fire

Spiking Neuron

Rate models

Compartmental models

Realism

Algebraic equations

Differential equations

Integral / sum on t
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In the brain:

- A spike lasts for 1-2 ms.

- In general, spikes are very similar with each 
other, so the only information they carry is 
contained in their time stamp.
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Notation:

time when neuron i generated the spike f

potential of neuron i

synaptic weight between neurons j e i
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Potential   (1)
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Potential   (2)

Refractory function
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Potential   (3)

PSP
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Refractory function
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Network of spiking neurons

I

Iinput
Ioutput
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Network of spiking neurons
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Learning   (1.1)

The following parameters are updated:

Synaptic weights:

Thresholds:

Axonal transmission delays:
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Learning   (1.2)

The following parameters are updated:

Axonal transmission delays:
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Synaptic weights:

Thresholds:

Learning   (1.3)
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Learning   (2)
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Learning   (3.1)
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Stability / Plasticity dilemma
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Learning   (3.2)

0 1
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Learning   (3.3)

0 1
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Learning   (3.4)

0 1
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Learning   (3.5)

0 1
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Implementation:  notes
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Average number of spikes generated 
by each neuron in a time interval

Different approach in the representation of spike trains

Spiking Neurons  - Pietro Mele 2004  - pietromele@yahoo.com 30



Spike event list

time

t0 , n2

t1 , n3

t2 , n2

t3 , n6

...
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Average number of spikes generated 
by each neuron in a time interval:   low

For each neuron:

...

1
0
1
1
0
1
0
1

time slot {
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time

Average number of spikes generated 
by each neuron in a time interval:   high
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The end
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