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AN INTRODUCTIONTO THE
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[ computers use too much resources ]

-

* loss of fault tolerance inherent to neural systems

I'III

* power consumption of the simulation layer

Wt

main problems
of modern
microelectronics

: B

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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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 :
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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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Simulator-specific

PyNN module

Python interpreter

Native interpreter

Simulator kernel
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Modeling language

i |

\

s

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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Software and hardware layers
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Operatng PyNN
Interface 1=

PyNN_hardware. stage2 | |:
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Mapping
Software

10 GEités [l Full Dunlesx

Digital
(Layer2)

Analog
(Layert)
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Software and hardware layers
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Biological
Model

Neuron
Parameters

synapse edge

Neurons

hyper-edge

Biologyto-hardware mapping

Graph model (TUD)
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Biologyto-hardware mapping

Graph model (TUD)
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Hardware graph
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Biologyto-hardware mapping
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Nforce cluster algorithm

higher cortical areas
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Placing optimization
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Mapping algorithm performance
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MINICOLUMNS

with

pyramidal cells
excitator’

4 PART I (B) »

WORKFLOW
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RSNP cells
(inhibitory)

MINICOLUMMS
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pyramidal cells
(excitatory)
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Spiking patterns
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Trajectories in voltage space
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Network dynamics

Motivation

- hardware imperfections

- nonisomorphic simulation/emulation environments
e.g. neuron model, digitized wei glh

- mapping/routing losses

robustness is an essential characteristic of biological neural networks
- hardware independent research

- MR SRSV, LA B
Relevant parameters
" -STP N
- adaptation - number of MC per HC
moded - delays - number of HC . modei
independenty _ synaptic weights - total number of MC specific
- neuron loss (* network size) y
_ - Synapse loss




AAI‘A““““AA“ ““““““.A‘AAA‘

The importance of STP
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Dwell times and neuron loss

KTH L23 model, 9 HC 3 MC
Attractor dwell time as function of neuron loss
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