To Spike or Not to Spike?
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simple networks
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Plan

How neurons integrate imputs

Spike 1s a decision

What 1s the threshold? What 1s the spike?
Constructing a spike

Constructing a network for decisions
— 1 unit

— 2 units: winner take all



Major Concepts

All-or-none events
Threshold crossing with no return

Auto-catalysis: state-dependent positive
feedback

Reset: state-dependent delayed or slower
negative feedback

Memory/Forgeting: leak
Winner-take-all dynamics



“But this fv the sunplified version fir the nere public.”















Basic Operation: Integration

Neuron adds up its inputs
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Perfect Integrator.

Zinput — currents(t,)
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:Positive synaptic connection
:Megative s ynaptic connection

in: neuron output
PSPni :post-synaptic potentiat
I internal potential

th : threshold for fire



Perfect Integrator
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Leak: forgetting
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Leaky Integrate and Fire Model
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Membrane Voltage (mv)

What is the threshold?
How is the spike made?
Biophysics

Break Down Model

“Capacitance/resistance
breaks down

Classical Mewmleare "Jhearvi Bernstein (1902)
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Current Across Membrane

Al.Vm

| Adom? |
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B. Current - Voltage (I-V) Relationships

Im (MA/cm2)

Pass a constant input current

Track the voltage

Record Current-Voltage Function
[-V Curves
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A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
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Figure 7. B, Separation of jonic cacrenes by use of merve poisons. 4, Response in
nocmal scawater; different amplinedes of volzge soeps ace indicared on the right (in
mV). &, Response due to I when &, is Blocked: by recrodotoxin (TTX). ¢, Response
due to L, when I, is blocked by sscastbpiemmonise (TEA). (From Hille, 1977).

ing iato the cell) followed by aa cuwtward movement of posicive cucrent (see
Figate 9; solid line). -

Ac vhis point, we need to define a bic of terminology that will be uochal.
In simgple terins, jonic currens through excitable membeanes is comsolied
by two factors: (1) an ioa-selective pore through whick omly cortain: ioes
cam flow, and (2) a gate or gates that open(s) and closefsy die pove to: alfow
jomic flux. The turning on of a current is known as the activation of dhe
current and the opposite of activation is known as desctivatior. These proc-
esses occur when an activation gate opens or closes. I 2 carrenc terns o=
and then off despite a constant change in membrane potensial, i is said to
imactivate. The reverse of inactivation is deinactivation. Inactivation and
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The Action Potential: players
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Figure 3: Membrane Response without Injection Current

The membrane model is simulated with standard biophysical parameters for sqmd ax-
onal membrane (Cm, Ena, Ex, EL, gr) and with no current injection (figjecz = 0-—) The
continuous Hodgkin-Huxley equations and the discrete channel populations are ased alter-
natively to represent the membrane conductances gy, and gx. As the membrane surface
area is increased, the response from the channel model converges to the response from the
standard Hodgkin-Hudey model. Both models predict that no activity occurs when no cur-
rent is injected. However, as the membrane surface area is decreased, the active behavior
predicted by the channel model diverges dramatically from the lack of activity predicted by
the Hodgkin-Huxley model.



In order to produce the spike

* Integrate iputs
State dependent positive feedback: autocatalysis
*Cross-threshold:
*Point of no return for Na
*All-or-none action (potential)
*Fast Positive feedback

*Slower NEGATIVE FEEDBACK
*Forgetting: leak



So a spike 1s like a decision

d Targels

Neuron integrates inputs *Observer collects evidence

Decides if they are above
threshold

Take a all-or-none action

*Decides if his/her certainty
threshold 1s reached

*Takes the action

Resets to start again :
Starts over again

Saccade

Reaction

1
_ 1imei S

When the inputs (evidence) come randomly in time
Voltage does a random walk to threshold
Classical models of decision making: diffusion models

Leak: forgetting the evidence!



In order to make decision for two

choices?

» Imagine neuron

~ Choice 1 + inputs R R

— Choice 2 - inputs e
* Integrate to two thresholds T
* Two neurons (T (S

— Neuron 1 - choice 1 B

— Neuron 2 - choice 2 0 o® —@®®oO 9o

/'



Decision Time

How long does 1t take to | /
reach the decision T,
criterion 7
0
. . decision Hme
Spike Time

n&

F ., I, | T L J P

— How long does it take to
reach the threshold

Force/rate of evidence
Rate of forgetting

— Time constant

4] 20 3 &0 80

Time since spike (ms}



Interactions Between Choices

No interactions -- both choices are
possible at same time
— Cogmaster AND Sleep

Alternative choice
— Cogmaster OR Sleep

neurons

Exclusive spiking: winner-take-all
Inhibition between neurons
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- Forgetting at rate of leak

an - _h

i _71+IA(t)_S12
dav. V.
7; = _72 +1,(t) = sy
Maotion dSij = J(t _ tj)
‘ dt T

-

Saccade

Frol
net

Y

neurons
{

Y

"Neurons
" )
A To other neurons B




Mutual excitation of like neurons
g1ves memory
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From single neuron to networks

Spiking necuronal network modcl

« Winner-take all in networks
of firing rate units.
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Making the Decision

*Triple well: weak 1nteractions
*Stronger interactions, no data:

*Double well
*Data comes in: push off the well

noise inputs activity of neural populations

action 1

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

action 2




Decision time

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

QuickTime™ and a
TIFF (LZW) decompressor 2
are needed to see this picture.

0.1 1
Decision time distribution .
’ -O 1000 2000
Latency Time
0.2

Recurrent interactions

stronger o
Shorter mean 0
Lower spread

1000 2000
Latency Time



Major Concepts

Integration
Threshold -- point of no return

Positive self-feedback:
memory

Leak: forgetting

Negative Slower Feedback:
competition/reset



Decision Task




