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Overview

First hour
Motivation and history
Spiking neural networks
Artificial (classical) neural networks

Second hour
Deep learning and applications
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Slides available onmfountas.com
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http://www.zfountas.com/

Motivation: Why looking at brains?

A We are interested in creating intelligence!

Trajectory calculation Speech recognition Philosophy
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Motivation: Why looking at brains?

A It is the only device we know that is truly intelligent!

A It is the only device we know that can imitate human behaviour.

ABy working on this field could potentiallyéeé

...make more esolve some éunder st and ébmatytbeer even un
intelligent machines neural diseases our own minds consciousness
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Brain anatomy

White matter

Gray matter

| & Networks of neurongthe gray matter)

A About 80 billion of them!
A About 1,000c 10,000 connections (Synapse:
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Neuron anatomy

/ Information flow through neurons

i~
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b

Dendrites Cell body Axon
Collect Contains Passes electrical signals
electrical nucleus and on to dendrites of another

signals organelles cell or to an effector cell
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Spiking neural networks




History: Our first mathematical models

A Hodgkin and Huxley managed to describe the electrical potential
flow in the membrane of neural cells with a simple electrical circuit.

A They produced a set of equations based on this circuit.
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A 1963 Nobel Prize in Physiology or Medicine!
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Propagation of
action potential
(or spike)

Adapted fromJarsky et al. (2005) Nature neuroscience
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When a single input neuron spikes When more input neurons spike

human

wheels

windows house

face car
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Whole-brain propagation: Zebrafish brain

dorsal view
255944 s

100 pm
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Today: The field afeurodynamicemerged

C=100; vr=-60; vt=-40; k=0.7; % parameters used for RS
a=0.03; b=-2; c=-50; d=100; % meocortical pyramidal neurons
vpeak=35; % spike cutoff 20 -
T=1000; tau=1; % time span and step (ms)
n=round(T/tau) ; % nmumber of simulation steps 01
v=vr*ones(1l,n); u=0%v; % initial values
I=[zeros(1,0.1%n) ,70%ones(1,0.9%n)];% pulse of input DC current —70 A
for i=1:n-1 % forward Euler method
v(i+1)=v(i)+tau*(k*(v(i)-vr)*(v(i)-vt)—u(i)+I(i))/C; =40 4
u(i+1)=u(i)+taux*ax (b* (v(i)-vr)-u(i));
if v(i+1)>=vpeak % a spike is fired!
v(i)=vpeak; % padding the spike amplitude —60
v(i+1)=c; % membrane voltage reset b Eﬁﬂ 460 Edﬂ Eﬂﬂ 1ﬂhu
u(i+1)=u(i+1)+d; % recovery variable update
end; Demos
end; P - Y- .
T R — 1. Sln_g_le neuron (imvascripj: http_.//zfountas.com/RCA
2.  Spiking neural networkattp://ovilab.net/neuronify/
Izhikevich (2003) 3.  Python libraryhttp://briansimulator.org

4. Matlab code:Look left

5. New and super cool tutoriahtip://jackterwilliger.com/biologicalneuratnetworkspart-i-spikingneurons/
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http://zfountas.com/RCA
http://ovilab.net/neuronify/
http://briansimulator.org/
http://jackterwilliger.com/biological-neural-networks-part-i-spiking-neurons/

Today:Neurodynamicsn sylicon

A real worm Caenorhabditiglegansg

Play with a digital C. Elegans at:
http://wormsim.org
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