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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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SpiNNaker Multicast routing

8B bits 32 bits 32 bits
| Header Key Data (optional)
MC Packet in ...
[ (32 (32) ) (18 + 6) ]
Key Mask " Route
Key Mask —* Route
Key Mask ——* Route
1024 .
Ternary CAM Entries Routing RAM
Parallel Search
{Associative Lookup :
with Don’t Cares) I
MISS —* Default Route HIT=—" Route

Packet route out ...

RERRERNRERRRRER N

Core Route (18)

Link Route (6)

HH

!

2 1 2 1 2 1 2 1
34,7 0(—{35,7 0—36,7 037,70
4 5 4 5 4 5 4 5
|
2 1 2 1 2 1 2 1 2 1
—33,6 0—34,6 0—35,6 0—36,6 0—{37,6 0
4 5 4 5 4 5 4 5 4 5
|
2 1 2 1 2 1 2 1 2 1 2 1
—32,5 0—33,5 0F—{34,5 0—35,5 0—{36,5 013 7,5 0
4 5 4 5 4 5 4 5 4 5 4 5
|
2 1 2 1 2 1 2 1 2 1 2 1 2 1
: 32,4 0=H33,4 Of=34 4 0354 36,4 0—37,40
4 5 4 5 4 5 4 5 4 5 4 5 4 5
| |
2 1 2 1 2 1 2 1 2 1 2 1 1 2 1
30,3 0—31,3 0—132,3 0|—33,3 01—{34,3 0—{353 0 37,30
4 5 4 5 4 5 4 5 4 5 4 5 4 4 5
|
2 1 2 1 2 1 2 1 2 1 2 1 2 1
30,2 0—31,2 0—{32,2 0|—33,2 0F—{34,2 0—{352 0—{36,2 O
4 5 4 5 4 5 4 5 4 5 4 5 4 5
|
2 1 2 1 2 1 2 1 2 1 2 1
30,10 32,1 03310 3410 3510
4 5 4 5 4 5 4 5 4 5 4 5
|
2 1 2 1 2 1 2 1 2 1
30,0 013 1,0 0—132,0 0—33,0 0—434,0 0
4 5 4 5 4 5 4 5 4 5




SpiNNaker machines - .;;

The University of Manchester

SpiNNaker board
(864 ARM cores)
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SpiNNaker chip
(18 ARM cores)
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. HBP platform {1}
— IM cores  tuman Brain Project

— 11 cabinets (including
server)

 Launch 30 March 2016
— then 500k cores
— 112 remote users

jobs r

SpiNNaker racks
(1M ARM cores)
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Intuition
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Intuition
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Membrane potential (mV)
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sk a Structural plasticity in the wild
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Energy scales

* Building neuromorphic hardware to make computation oy
more efficient, and to advance our understanding of
the brain

e SpiNNaker is a 1-million ARM core digital neuromorphic
machine currently in use to explore theoretical and 01 milidoui
computational neuroscience simulations and
neurorobotics applications

* Various models of synaptic and structural plasticity are .
and can be implemented on this platform; digital o
substrate offers flexibility in exchange for efficiency

 Structural plasticity is a cool learning mechanism that .
can be used to grow synapses with different synaptic 0.1 nanoJouie
delays to optimize neuron responses to movement
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