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SplNNaker prOJect
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Application dynamics:
Neuron/Synapse/Plasticity

Neuron data
parameters, state variables

DTCM

Connectivity Information

Synaptic Data:
weight, delay, type of synapse

Map Neural Networks to
SpiNNaker

A Universal Spiking Neural Network Architecture

i -1|?% =

l:‘i: il

spINNaker
-



MANCHESTER
1824

Yy
er

The Universit
of Manchest

SpiNNaker system

SpiNMa
Chip
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SpiNNaker chips
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Features of the SpiNNaker chip
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Timer
iInterrupt

Neural simulation

/ \ '.:j

Differential
equation
computation

Neuron
iInput
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Spike emission

SpiINNaker
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Incoming spikes
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Adding the
new input in
the delay
buffer

Retrieving Synaptic
synaptic plasticity
weights (STDP)

Spike incoming
(interrupt received)

SpiINNaker
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The delay buffer

@1 millisecond each slot
(a.k.a. bin);

@16 slots for a maximum
delay of 16 millisecond;

alncoming spikes adds
synaptic weights in the
correspondent slot;

SpiNNaker
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Spike Timing Dependent Plasticity
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Implementation
Triggering the STDP algorithm

The usual way:

_ : — Lime
Pre LTD axig

‘ LT

STDP is triggered on:
a4 Pre-synaptic spike arrival (LTD)

& Post-synaptic spike emission (LTP)

The SpiNNaker way:

. _ tlme
! i TE i
Pre Lid, | LTP axis

i) . Fa =

» STDP is triggered only on pre-synaptic
spike arrival (LTD and LTP)

s Weights are available only at pre-
synaptic spike arrival.

a Since LTP needs future information, the
algorithm needs to be deferred until the
time window is filled

SpINNaker
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Data generation

Neural network structure

Simulator model

PyNN description of the
Neural network

Description of the simulation
Models in C

l

l

PACMan:
Partition and Configuration
Manager

Compiler

l

l

SpiNNaker data file

SpiNNaker executable

SpiINNaker
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Pre-synaptic timestamp

Needed only when a pre-synaptic

spike arrives. Stored as header of

the synaptlc welght block
I__i o [z

Implementation
Representation of spike timestamp

Post-synaptic timestamp

Needed at all time. Stored in
processor's local memory

SpINNaker
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Implementation
Length of timing records

aplL ke

Pre | 9 1
-4 52 ms—e L12B=32] ms [
Left window

o 28 ms "

||1| | 5

@ b

The STDP is triggered when an incoming spike pushes an
old input record into the carry bit
However, if the input arrives at very low rate the output
generated pushes forward the previous records and the
history will be lost.
SpINNaker
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