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CEC Natal /RN 

CEC Macaíba/RN 

CEC Serrinha/BA 

8270 
students 





2008 3000

2009 8400

2010 12700

2011 12104

2012 13200

2013 10045

2014 13273

Total 72722
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a inauguração

Macaíba = 70.000 



• Molecular and cellular neurobiology 

• Animal behaviour 

• electrophysiology 

• neuroprosthetics 

• microscopy 

• EEG/EMG 
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School= 14000 m²  Research = 12000 m² 
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• ~ € 3 billion 

• 2013-2023 

• 112 institutions 

• 24 countries 

• ~ € 4,5 billion 

• 2013-2023 



1988-2003 

$ 3,8 billion invested 

$ 796 billion income in 11 years 

$141 for every $1 invested 

http://www.whitehouse.gov/share/brain-initiative 
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What’s in the brain? 

http://www.nicabm.com/brain-2012-new/ 

https://med.uth.edu/ibp/education/crb/innovative-program-technology/ 

wikipedia.org 
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GasNets 

 class of artificial neural networks (ANNs) 

 incorporates an abstract model of a gaseous diffusing neuromodulator into a 
more standard ANN1 

1Husbands, Phil, Smith, Tom, Jakobi, Nick and O'Shea, Michael (1998) Better Living Through Chemistry: Evolving 
GasNets for Robot Control. Connection Science, 10 (3-4). pp. 185-210. ISSN 09540091 

Nitric Oxide:  NO 

http://sro.sussex.ac.uk/18084/
http://sro.sussex.ac.uk/18084/


17 

Why NO? 

 Breakthrough of the year (1992) - Science 

 Nobel Prize (Ignarro & Murad, 1998) “for their discoveries concerning nitric oxide as 
a signalling molecule in the cardiovascular system” 

 intercellular signalling molecule in the nervous system (Garthwaite et al., 1988) 

plasmavet.com 
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Why NO? 

 The whole surface of the neuron is a potential release site for NO 

 very small and nonpolar molecule, capable of spreading away from a site of synthesis 
regardless of intervening cellular or membrane structures 

NO modulation is not necessarily confined to the immediate postsynaptic neuron: 

gaseous diffusion 

https://med.uth.edu/ibp/education/crb/innovative-program-technology/ 

wikipedia.org 
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GasNet models 

Original 

Plexus 

Receptor 

NSGasNet 
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Classical ANN x GasNet Models  

J. Insect Sci. (2010) 
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Original GasNet Model 
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Original Model 
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Original Model 

te : time at which emission was last turned on 
ts : time at which emission was last turned off 
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Original Model 
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Original Model 

ts t te 



26 

Original Model 

Gas diffusion profile 
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Plexus Model 

Plexus: an intricate network or web-like formation 



28 

Original X Plexus 
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Plexus Model 

Gas dispersion NOT centred on the node 
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Original 

Plexus 
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Receptor Model 

Site specific modulations 
 
 

 

Rj: specific receptor quantity 
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NSGasNet Model 

Nodes do NOT necessarily have a spatial relation 

Mbias [0,1]: Modulator bias  

New GasNet model 

Original 

NSGasNet 
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GasNets 

Original 

NSGasNet 

Plexus 

Receptor 
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Performance Comparison 

GasNets lead to good solutions faster! 
 
 

 



I. MLPs 

I. Topology and weights 

II. Example: Evolving (training) MLPs to learn some functions 

 

Evolving ANNs 



I. GasNet models 
I. Topology + all network parameters + task dependent parameters  

 

 

 

Evolving ANNs 
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Example 1: Central Pattern Generators 
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https://blogs.brandeis.edu/marderlab/research/ 

http://biorob.epfl.ch/salamandra 
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Example 2: Robotic Control 
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Example 3: Homeostasis and Robotics 



45 



46 



47 



48 



49 



50 



51 



52 

 Although NO-producing neurons account for only about 1% of cell bodies in the 
cerebral cortex, their processes spread so extensively that almost every neuron in 
the cortex is exposed to these small fibers 

 Such structures are common across a range of species 

 Flexible couplings => emergent dynamic properties 

GasNets: final remarks 
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