The leaky integrate-and-fire neuron

de‘(’i(tt) — _(v(1) - E1) + RI(t), (1)
v(t) = 9. (2)
lim V(H + 6) = Vies, (3)
o Wy
a2

a3




IF simulation

A. External input Rlext = 8 mV < threshold B. External input Al ext= 12 mV > threshold
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[F gain function

The inverse of the first passage time defines the firing rate:

o
no

o
—h
o

o
—

0.05

Mean firing rate [t ]

Rl ex



IF resistance to noise

A. Time varying input

30

25

15

Rl gq

10 l:: e . o"i_c:.l - o'.vo'-';n -:b oe ’.17 -‘.". ..'- - ;.0- TR Threshold

5
0
0 200 400 600 800 1000
Time [ms]

B. Normalized histogram of ISI C. Normalized histogram of IS
0.6 - 02— .
05 - Cy =012 Cv =0.58

D15 b
=04 ] =
2] 2]
E— 03 E— 01
0.2
0.05 .
01 H H |
0 = 0 “ 11—
0 5 10 15 20 ¢ 50 100 150 200 250 300

ISI [ms] ISI [ms]



"The Izhikevich neuron

d‘(’i(tt) = 0.04v3(t) +5v(t) + 140 — u + /(1)
du(t) _
5 = a(bv — u)

v(iv>30)=c and u(v>30)=u+d

A. Fastspiking B. Regular spiking C. Chattering (bursting)
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The McCulloch-Pitts neuron
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A TOGICAL CALCULUS OF THE
IDEAS IMMANENT IN NERVOUS ACTIVITY

WARREN S. MCCULLOCH AND WALTER PITTS

I'rROM THE UNIVERSITY OF ILLINOLS, COLLEGE OF MEDICINE,
DEPARTMENT OF PSYCHIATRY AT THE ILLINOIS NEUROPSYCHIATRIC INSTITUTL,
AND THE UNIVERSITY OF CHICAGO

Because of the “all-or-none” character of nervous activity, neuwral
events and the relations among them can be treated by means of propo-
gitional logic. It is found that the behavior of every net can be described
in these terms, with the addition of more complicated logical means for
nets containing circles; and that for any logical expression satisfying



The firing rate hypothesis

Stretch receptor on frog muscle Tuning curve of V1 neuron in cat
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Counter example: correlation code (?)

A. Stimulus envelope

>

B. Rates of individual spike trains
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C. Spike-triggered rate
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From DeCharms and Merzenich 1996



Integrator or coincidence detector?

A. Perfect integrator

B. Coincidence detector
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Population model

Temporal averaging Population averaging
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Activation

Population dynamics

For slow varying input (adiabatic limit), when all nodes do practically
the same, same input, etc (Wilson and Cowan,1972):

dA(t)

T = —A(t) + g(RIF'(t)).
dt
Gain function: 1
g(x) =
ref __ 1y’
t Tlog(1 — =)
A. Activation function for population B. Activation function of hippocampal
average in adiabatic limit pyramidal neuron
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Other gain functions

Typeof  Graphical  \athematical formula MATLAB implementation
function  represent.

Linear / ghh(x) = x X

Step gSteP(x):ﬂ if x>0 floor(0.5* (1+sign(x)))

0 elsewhere
Thlfiise};‘ild' / o) =y @(x)  x.*Eloor (0.5*%(L+sign(x)))
i _ 1

SlngId f gSIg(x) - 1+CXp(-X) 1. / (1+exp (-X) )
Radial- / \ 28455 (x) = exp(-x) exp (-x."2)

basis




Population rate

Fast population response
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(eqn 3.37)
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