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PART I

AN INTRODUCTIONTO THE
FACETSIEUROMORPHIGIARDWARE

5 % = P8S Q:it, \m%& ' "5'
/'

R 8

- !" “ﬂﬂ‘wrv( v
LM\\\\ A

/
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[ computers use too much resources ]

-

* loss of fault tolerance inherent to neural systems
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* power consumption of the simulation layer
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main problems
of modern
microelectronics
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biologically inspired architectures preserve the fault tolerance and
low power consumption of neural systems at the device level

— physical model
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FACETS neuromorphic hardware
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Spikey 2006:

384 neurons
1G synapses
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FACETS neuromorphic hardware
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Spikey 2006:
= 384 neurons
— 13 synapses
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’ HICANN - 2010
512 neurons
1.3010 synapses
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FACETS neuromorphic hardware
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Wafer- 2011:

16QL3 neurons
4 QL0 synapses

Spikey 2006

384 neurons
1C® synapses
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- HICANN - 2010:

512 neurons
1.3010 synapses
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Spikey 2006

384 neurons
1C® synapses

Wafer- 2011:

16QL3 neurons
4 QL0 synapses

HICANN - 2010:

512 neurons
1.3010 synapses
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16QLG neurons
4 QL@ synapses
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Hardware vs. biology
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— up to 10
speedup
Biological neural computation FACETS wafescale hardware |
Connectivity 1G1neurons, 1Bsynapses 13 Neurons, IGBynapses
10.000 synapses per neuron arbitrarily configurable
Diversity vast range of neuron multrcompartment o
categories and parameters Adaptive Exponential Integrate and Fire neurog 1S
Plasticity long term, short term Short Term Plasticity
local, global Spike Timing Dependent Plasticity
Timing various time constants and delays  adjustable time constants, but navafer delays
Scalability modular, high bandwidth, low power, fault tolegant
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Neuron model of choice
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Input Neighbour-Neurons k.
;Synh1; <:::%EE:::> I ‘f
Membrane X Spiking/ _, STDP/ <t
1 ' Connection Nathwork :
l CMembrane i
Synln Ress/t Spikes
In/Out Feset fe
Input Adapt ® 180 nm CMOS
® parameters stored on
Current-Input Membrane-Output analog floating gates
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Waferscale integration

chip-to-chip

connections
formed by

wafer post-
processing

massive configuration space

- dedicated mapping tools
- versatile control software it it
- distortion analysis and compensation

-

Y complex emulation workflow

off-wafer
connections




RSNP cells
(inhibitory) i

MINICOLUMNS

with

pyramidal cells
(excitatory)

BASKET COLUMNS
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WORKFLOW
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ON state

OFF state
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Simulator-specific

PyNN module

Python interpreter

Native interpreter

Simulator kernel
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Modeling language
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I pynn.nest | prnn.pcsim | [pynn.brian ] Lhwﬂ“';ﬁm‘ kpynn.neuronl [pynn.neuroml] [ 9:::3;2 ] :pynn.mooseJ
( ) ( ' ™

PyNEST PyPCSIM [ Brian ] PyHAL ninpy , U PyMOOSE

SLI hoc NeuroML ]:'( sli ] )
 —
NEST PCSIM FACETS | | NEURON GENESIS2 | | MoosE
hardware

<=> Direct communication

<= Code generation

O Implemented

D Planned
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Modeling language
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Python interpreter PyNEST PyPCSIM [ Brian ]l PyHAL ]l nrnpy ‘ 0 PyMOOSE
Native interpreter SLI hoc {5 NeuroML ];‘( sli ] ]
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FACETS
Simulator kernel NEST PCSIM hecdvicre NEURON GENESIS 2 MOOSE
<=> Direct communication <= Code generation O Implemented D Planned
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Software and hardware layers




