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200 years ago… 

• Ada Lovelace, b. 10 Dec. 1815 

 

"I have my hopes, and very distinct 
ones too, of one day getting 
cerebral phenomena such that I 
can put them into mathematical 
equations--in short, a law or laws 
for the mutual actions of the 
molecules of brain. …. I hope to 
bequeath to the generations a 
calculus of the nervous system.”  
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60 years ago… 
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Manchester Baby (1948) 
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SpiNNaker CPU (2011) 

ARM 968 
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63 years of progress 

• Baby: 

– used 3.5 kW of electrical power 

– executed 700 instructions per second 

– 5 Joules per instruction 

• SpiNNaker ARM968 CPU node: 

– uses 40 mW of electrical power 

– executes 200,000,000 instructions 
per second 

– 0.000 000 000 2 Joules per instruction 

25,000,000,000  times better than Baby! 

(James Prescott Joule 
born Salford, 1818) 
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Jevons paradox 
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1865 “The Coal Question” 

• James Watt’s coal-fired 
steam engine was much 
more efficient than 
Thomas Newcomen’s… 

• …and coal consumption 
rose as a result 
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Bio-inspiration 

• Can massively-parallel computing 
resources accelerate our understanding of 
brain function? 

 

• Can our growing understanding of brain 
function point the way to more efficient 
parallel, fault-tolerant computation? 
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Brains 

• Brains demonstrate 

– massive parallelism (1011 neurons) 

– massive connectivity (1015 synapses) 

– excellent power-efficiency 

• much better than today’s microchips 

– low-performance components (~ 100 Hz) 

– low-speed communication (~ metres/sec) 

– adaptivity – tolerant of component failure 



The Human Brain Project 
A €1B EU ICT Flagship 

Research areas: 

• Neuroscience 
• neuroinformatics 

• brain simulation 

• Medicine 
• medical informatics 

• early diagnosis 

• personalized treatment 

• Future computing 
• interactive supercomputing 

• neuromorphic computing 
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http://www.technologyreview.com/featuredstory/526506/neuromorphic-chips/ 
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IBM TrueNorth 

• 4,096 digital neurosynaptic 
cores 
– one million configurable 

neurons 
– 256 million programmable 

synapses 
– ~70mW 
– over 400 Mbits of 

embedded SRAM 
– 5.4 billion transistors 

• 16 TrueNorth Chips 
assembled into a 4x4 mesh 
– 16 million neurons and 4 

billion synapses.  
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Stanford Neurogrid 

• Neurocore Chip 
– 65k neurons 
– each with two 

compartments and a 
set of configurable 
silicon ion channels 

• Sixteen Neurocores are 
assembled on a board 
– million-neuron 

Neurogrid 
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Heidelberg HiCANN 
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• Wafer-scale analogue 
neuromorphic system 

• 8” 180nm wafer: 

– 200,000 neurons 

– 50M synapses 

– 104x faster than 
biology 
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SpiNNaker project 

• A million mobile phone 
processors in one 
computer 

• Able to model about 1% 
of the human brain… 

• …or 10 mice! 
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Design principles 

• Virtualised topology 
– physical and logical 

connectivity are decoupled 

• Bounded asynchrony 
– time models itself 

• Energy frugality 
– processors are free 

– the real cost of computation 
is energy 
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SpiNNaker chip 

Multi-chip 
packaging by 

UNISEM Europe 
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Chip resources 

24 



Multicast routing 
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Problem mapping 

26 



Scaling to a billion neurons 
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SpiNNaker machines 
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103 104 105 

864 cores 
– drosophila scale 

20,000 cores 
– frog scale 

100,000 cores 
– mouse scale 

102 

72 cores 
– pond snail scale 



Sudoku on SpiNNaker 

SpiNNaker model developed by Evie Andrew, based on: 
S. Habenschuss, Z. Jonke, and W. Maass, “Stochastic computations in cortical 
microcircuit models”, PLOS Computational Biology, 9(11):e1003311, 2013. 
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Spaun 

Chris Eliasmith et al, Science vol. 338, 30 Nov 2012 

SpiNNaker port by Andrew Mundy  

Cluster machine: 

• 2.5 hours/sec 

SpiNNaker: 

• 25,000 ARMs 

• 30x 48-node PCBs 

• real-time - soon! 



External SpiNNaker user example: Knowledge Engineering & Discovery Research 

Institute, Auckland University of Technology, New Zealand 

NeuCube:  Spiking Neural Network Development System for 

Spatio/Spectro Temporal Data 

FULL CONFIGURATION 

STANDARD CONFIGURATION STANDARD CONFIGURATION BASIC 

CONFIGURATION 

Module M1: 
Generic 

Prototyping  

and Testing 

 

Module M5  

I/O and Information Exchange   

Module M2:  
PyNN 

Simulator for 

Small and 

Large Scale 

Applications   

Module M4:  
3D 

Visualisation 

and Mining 
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Module 
M3:  

SpiNNaker 
Neuromorph

ic Hardware 

for Real Time 

Execution 
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Module M7: 
(optional) 

Personalised 

Modelling 
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Module M6: 
(optional) 

Neuro-

genetic  

Prototyping  

and Testing 
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Module M8: 
(optional) 

Multimodal 

Brain Data 

Modelling  
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nkasabov@aut.ac.nz           www.kedri.aut.ac.nz 

 

(some modules are available from: www.kedri.aut.ac.nz -> NeuCube_)   

mailto:nkasabov@aut.ac.nz
http://www.kedri.aut.ac.nz/


nkasabov@aut.ac.nz 



Tracing and interpreting  

dynamic brain activities 

in the GO/NOGO task 

performed by three 

subject groups: 

 

- healthy subjects CO); 

 

- addicts on Methadone 

treatment (MMT); 

 

- addicts on opiates 

(OP), i.e. no treatment 
 

 

nkasabov@aut.ac.nz 

Understanding and predicting addicts’ response to treatment  
 E. Capecci,  N. Kasabov, G.Wang, Analysis of connectivity in a NeuCube spiking neural network trained on EEG data for the 

understanding and prediction of functional changes in the brain: A case study on opiate dependence treatment, Neural Networks, 

(2015), http://dx.doi.org/10.1016/j.neunet.2015.03.009. 

http://dx.doi.org/10.1016/j.neunet.2015.03.009


Conclusions 

• SpiNNaker: 
• has been 15 years in conception… 

• …and 8 years in construction, 

• and is now ready for action! 

• ~40 boards with groups around the world 

• 20,000 and 100,000 core machines built 

• 1M core machine to follow soon 

• large models: Spaun, ??? 

• HBP is supporting s/w development 

• leading to open access 

• What can we do with a billion neurons for… 

• Big Data? 

• Machine Learning? 
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