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PART I

AN INTRODUCTIONTO THE

FACETS NEUROMORPHICHARDWARE



Limits of numerical approaches
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FACETS neuromorphic hardware

Spikey - 2006:

384 neurons
105 synapses

HICANN - 2010:

512 neurons
1.3 Ö105 synapses

Wafer - 2011:

16 Ö104 neurons
4 Ö107 synapses

Rack ù20??:

16 Ö105 neurons
4 Ö108 synapses



Hardware vs. biology

Biological neural computation

1011neurons, 1015synapses
10.000 synapses per neuron

vast range of neuron
categories and parameters

long term, short term
local, global

various time constants and delays

FACETS wafer-scale hardware

105 Neurons, 107 Synapses
arbitrarily configurable

multi-compartment 
Adaptive Exponential Integrate and Fire neurons

Short Term Plasticity
Spike Timing Dependent Plasticity

adjustable time constants, but no on-wafer delays

modular, high bandwidth, low power, fault tolerant

Connectivity

Diversity

Plasticity

Timing

Scalability

up to 105

speedup



Neuron model of choice

R. Naud et al.: Firing patterns in the adaptive-exponential integrate-and fire-model, BiolCybern(2008) 99:335ù347

tonic 
spiking

initial 
burst

delayed 
accelerating

transient 
spiking

adaptation

regular 
bursting

delayed 
regular 
bursting

irregular 
spiking



CMOS implementation of AdEx neuron



Wafer-scale integration

massive configuration space

­ dedicated mapping tools
­ versatile control software
­ distortion analysis and compensation

Ý complex emulation workflow



PART II (A)

WORKFLOW:

BIOLOGY-TO-HARDWAREMAPPING

?
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Modeling language



Modeling language



Software and hardware layers


