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Integrate-and-fire type models

Spike emission

Spike regeption

-spikes are events
-threshold
-spike/reset/refractoriness

Passive Membrane Model [d\]

d
r-au =—(U—Ugq) +RI(t)

r-%v =-V+RI(t);, V=(U-Ugq)

Integrate-and-fire Models [d\]

r~%u=—(u—ueq)+Rl(t) LIF

If firing: U —> Upeget

d 1>0

repetitive 3
u‘ resting N S A L O A ¢
— ~ 't t

‘ Diffusive noise (stochastic spike arrival) ‘
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From single Neurons to Populations

visual
cortex

Receptive fields, see lecture 4

From single Neurons to Populations
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From single neurons to populations

@ 10 000 neurons
3 km wires

Imm

‘ Populations of spiking neurons

population dynamics? '
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‘ Diffusive noise (stochastic spike arrival) ‘

Stochastic spike arrival:
o excitation, total rate Re

!! = inhibition, total rate Ri

For any arbitrary neuron in the population
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Diffusive noise (stochastic spike arrival) ‘

Blackboard:
density of potentials?

For any arbitrary neuron in the population
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Exercise 1: flux caused by stochastic spike arrival
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[ flux — two possibilities |
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Diffusive noise (stochastic spike arrival) ‘

Blackboard:
Derive Fokker-Planck
equation

For any arbitrary neuron in the population
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‘ Diffusive noise (stochastic spike arrival), no threshold ‘
Membrane potential density
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Fokker-Planck
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‘ Exercise 2: solution of free Fokker-Planck equation

Membrane potential density: Gaussian
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‘ Diffusive noise (stochastic spike arrival) with threshold
Membrane potential density
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‘ Diffusive noise (stochastic spike arrival) with threshold

Membrane potential density

blackboard

Population Firing rate A(t): flux at threshold




‘ Population firing rate A(t) = f =single neuron firing rate ‘

Synaptic current pulses

=g R Y gl g1 |
k. f k' f"
—0

EPSC IPSC
R

I A 16] r%u:—(u—ueq) +RIME(M) + £()

T au:—(u—ueq) +RI1(t)

frequency

£ |(t):[|o+|nmse]

with noise

effective noise current

Exercise 3: Diffusive noise + Threshold L

THE END

Membrane potential density
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- Calculate distribution p(u)

- Determine population firing rate A




