Week 6 — part 4 : Comparison of noise models

O\ \] 6.1 Escape noise
TR - stochastic intensity and point process
] \J 6.2 Interspike interval distribution
Neuronal Dynamics: - Time-dependend renewal process
Computational Neuroscience - Firing probability in discrete time
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- generative model
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Escape noise _

- from diffusive noise to escape noise

6.5. Rate code vs. Temporal Code
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- stochastic resonance
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Neuronal Dynamics - 6.4. Comparison of Noise Models

escape process
(fast noise)

escape rate

@) = f(u@) -1

stochastic spike arrival
(diffusive noise)

noisy integration
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Poisson spike arrival: Mean and autocorrelation of filtered signal
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S(1) = Eé(t—zf) x(@) = [ F(s)S(t —s)ds
Assumption: Filter (x() = [ F(s){S(t-5))ds
stochastic spiking

rate v(¢) mean (x(®))=[ F()(v(t-s))ds

Autocorrelation of output
<x(z‘)x(t ')> = F(s)S(t- s)dsf F(s")S(t'-s")ds '>

<x(t)x(t ')> =f F(s)F(s" <S(t —85)S(t'-s ')> dsds'

Autocorrelation of input




Diffusive noise (stochastic spike arrival)
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Stochastic spike arrival:
excitation, total rate Re
Inhibition, total rate Ri

Synaptic current pulses

Z?é(f—t,{)—;%é(z‘—t,{)
7 7

EPSC  |psc

+RI®) + E@) Blackboard

Langevin equation,
Ornstein Uhlenbeck process




Diffusive noise (stochastic spike arrival)
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(Au(t")Au(t)) = (u(yu(t)) - (u(®)) {u(t)) = - no threshold
- trajectory starts at

known value




Diffusive noise (stochastic spike arrival)
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<Au(t')Au(t)> =<u(t)u(t')>—<u(t)><u(t')> = osl
Math argument

[t — uo(8))? } <[Au(t)]2> = o7 [1-exp(-2t/7)]
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Neuronal Dynamics - 6.4. Diffusive noise/stoch. arrival

A) No threshold, stationary input
Membrane potential density: Gaussian

u
/ u constant input rates
> no threshold

noisy integration

T-—- =—u,+RI+&(2)




Neuronal Dynamics - 6.4. Diffusive noise/stoch. arrival

B) No threshold, oscillatory input

Membrane potential density:
Gaussian at time t

> p(u(t)

u

noisy integration
du.

T-—t =—u,+ Rl +&(¢)
dt




Neuronal Dynamics - 6.4. Diffusive noise/stoch. arrival

C) With threshold, reset/ stationary input
Membrane potential density

- U




Neuronal Dynamics - 6.4. Diffusive noise/stoch. arrival

Superthreshold vs. Subthreshold regime
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Neuronal Dynamics - 6.4. Comparison of Noise Models

escape process
A (fast noise)

escape rate

@) = f(u@) -1

Interval distribution

P(t)t) =
= p()-exp(- fp(r )r')
escape - L~ —

rate Survivor function

Stationary input:
-Mean ISI

<5> = Tm ﬁ /u
r

Siegert 1951
-Mean firing rate

- du,

du exp (u?) [1 + erf(u)]

stochastic spike arrival
C (diffusive noise)

!

noisy integration

” = —u, +RI+/§(t)

noise

IORLRAE

(Brunel et aI 2001




Neuronal Dynamics - 6.4. Comparison of Noise Models

L Diffusive noise
i - distribution of potential

- mean interspike interval
FOR CONSTANT INPUT

- %  -time dependent-case difficult

/J Escape noise

/ - time-dependent interval
distribution




