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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 on zfountas.com

http://www.zfountas.com/


Motivation: Why looking at brains?

Trajectory calculation Speech recognition Philosophy

ÅWe are interested in creating intelligence!
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Å It is the only device we know that is truly intelligent!

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

Å By working on this field could potentiallyé

ésolve some 

neural diseases

...make more 

intelligent machines

éunderstand better

our own minds

émaybe even understand

consciousness

Motivation: Why looking at brains?
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Brain anatomy

Gray matter

White matter

Networks of neurons(the gray matter)
Å About 80 billion of them!
Å About 1,000 ς10,000 connections (synapses)
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Neuron anatomy
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Spiking neural networks
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History: Our first mathematical models

Alan Lloyd Hodgkin Andrew Huxley

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

Å They produced a set of equations based on this circuit.

Å 1963 Nobel Prize in Physiology or Medicine!
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Propagation of 
action potential 
(or spike)

Adapted from Jarsky, et al. (2005) Nature neuroscience



bŜǘǿƻǊƪǎ ƻŦ άǎǇƛƪƛƴƎέ ƴŜǳǊƻƴǎ
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When a single input neuron spikes When more input neurons spike
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100 pm

Whole-brain propagation: Zebrafish brain



Izhikevich (2003)

Today: The field of neurodynamicsemerged
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Demos
1. Single neuron (in javascript): http://zfountas.com/RCA
2. Spiking neural network: http://ovilab.net/neuronify/
3. Python library: http://briansimulator.org
4. Matlab code: Look left

5. New and super cool tutorial:http://jackterwilliger.com/biological-neural-networks-part-i-spiking-neurons/

http://zfountas.com/RCA
http://ovilab.net/neuronify/
http://briansimulator.org/
http://jackterwilliger.com/biological-neural-networks-part-i-spiking-neurons/


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

A real worm (Caenorhabditis elegans)

Today: Neurodynamicsin sylicon
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http://wormsim.org/

