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200	
  years	
  ago…	
  

•  Ada	
  Lovelace,	
  b.	
  10	
  Dec.	
  1815	
  

"I	
  have	
  my	
  hopes,	
  and	
  very	
  dis1nct	
  
ones	
  too,	
  of	
  one	
  day	
  ge6ng	
  
cerebral	
  phenomena	
  such	
  that	
  I	
  
can	
  put	
  them	
  into	
  mathema1cal	
  
equa1ons-­‐-­‐in	
  short,	
  a	
  law	
  or	
  laws	
  
for	
  the	
  mutual	
  ac1ons	
  of	
  the	
  
molecules	
  of	
  brain.	
  ….	
  I	
  hope	
  to	
  
bequeath	
  to	
  the	
  genera1ons	
  a	
  
calculus	
  of	
  the	
  nervous	
  system.”	
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60	
  years	
  ago…	
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Manchester	
  Baby	
  (1948)	
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SpiNNaker	
  CPU	
  (2011)	
  

ARM	
  968	
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63	
  years	
  of	
  progress	
  
•  Baby: 

–  used 3.5 kW of electrical power 
–  executed 700 instructions per second 
–  5	
  Joules	
  per	
  instrucKon	
  

•  SpiNNaker ARM968 CPU node: 
–  uses 40 mW of electrical power 
–  executes 200,000,000 instructions 

per second 
–  0.000	
  000	
  000	
  2	
  Joules	
  per	
  instrucKon	
  

25,000,000,000	
  	
  Kmes	
  beLer	
  than	
  Baby!	
  

(James Prescott Joule 
born Salford, 1818) 
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Jevons	
  paradox	
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1865	
  “The	
  Coal	
  QuesKon”	
  
•  James	
  WaL’s	
  coal-­‐fired	
  
steam	
  engine	
  was	
  much	
  
more	
  efficient	
  than	
  
Thomas	
  Newcomen’s…	
  

•  …and	
  coal	
  consumpKon	
  
rose	
  as	
  a	
  result	
  

	
  



Bio-­‐inspiraJon	
  

•  Can	
  massively-­‐parallel	
  compuKng	
  
resources	
  accelerate	
  our	
  understanding	
  of	
  
brain	
  funcKon?	
  

•  Can	
  our	
  growing	
  understanding	
  of	
  brain	
  
funcKon	
  point	
  the	
  way	
  to	
  more	
  efficient	
  
parallel,	
  fault-­‐tolerant	
  computaKon?	
  

8	
  



SpiNNaker	
  project	
  
•  A	
  million	
  mobile	
  phone	
  
processors	
  in	
  one	
  
computer	
  

•  Able	
  to	
  model	
  about	
  1%	
  
of	
  the	
  human	
  brain…	
  

•  …or	
  10	
  mice!	
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Design	
  principles	
  

•  Virtualised	
  topology	
  
– physical	
  and	
  logical	
  connecKvity	
  are	
  decoupled	
  

•  Bounded	
  asynchrony	
  
– Kme	
  models	
  itself	
  

•  Energy	
  frugality	
  
– processors	
  are	
  free	
  
–  the	
  real	
  cost	
  of	
  computaKon	
  is	
  energy	
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SpiNNaker	
  system	
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SpiNNaker	
  chip	
  

MulK-­‐chip	
  
packaging	
  by	
  

UNISEM	
  Europe	
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Chip	
  resources	
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Network	
  –	
  packets	
  
•  Four	
  packet	
  types	
  

–  MC	
  (mulKcast):	
  source	
  routed;	
  carry	
  events	
  (spikes)	
  
–  P2P	
  (point-­‐to-­‐point):	
  used	
  for	
  bootstrap,	
  debug,	
  monitoring,	
  etc	
  
–  NN	
  (nearest	
  neighbour):	
  build	
  address	
  map,	
  flood-­‐fill	
  code	
  
–  FR	
  (fixed	
  route):	
  carry	
  64-­‐bit	
  debug	
  data	
  to	
  host	
  

•  Timestamp	
  mechanism	
  removes	
  errant	
  packets	
  
–  which	
  could	
  otherwise	
  circulate	
  forever	
  

Header (8 bits) Event ID (32 bits) 

P ER TS T 0 - 

Payload (32 bits) Header (8 bits) Address (16+16 bits) 
P SQ TS T 1 - Srce Dest 
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Network	
  –	
  MC	
  Router	
  

•  All	
  MC	
  spike	
  event	
  packets	
  are	
  sent	
  to	
  a	
  router	
  
•  Ternary	
  CAM	
  keeps	
  router	
  size	
  manageable	
  at	
  1024	
  entries	
  

(but	
  careful	
  network	
  mapping	
  also	
  essenKal)	
  
•  CAM	
  ‘hit’	
  yields	
  a	
  set	
  of	
  desKnaKons	
  for	
  this	
  spike	
  event	
  

–  automaKc	
  mulKcasKng	
  

•  CAM	
  ‘miss’	
  routes	
  event	
  to	
  a	
  ‘default’	
  output	
  link	
  

Inter-chip 

0 0 1 0 0 X 1 1 X 000000010000010000 001001 

On-chip 

Event ID 
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Topology	
  mapping	
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Fragment of 
MC table	
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Problem	
  mapping	
  
SpiNNaker:	
  

Problem:	
  represented	
  as	
  a	
  
network	
  of	
  nodes	
  with	
  a	
  
certain	
  behaviour...	
  

...behaviour	
  of	
  each	
  node	
  
embodied	
  as	
  an	
  interrupt	
  

handler	
  in	
  code...	
  

...compile,	
  link...	
  

...binary	
  files	
  loaded	
  into	
  core	
  
instrucBon	
  memory...	
  

Our	
  job	
  is	
  to	
  make	
  
the	
  model	
  

behaviour	
  reflect	
  
reality	
  

...problem	
  is	
  
split	
  into	
  two	
  

parts...	
  

...problem	
  topology	
  loaded	
  
into	
  firmware	
  rouBng	
  

tables...	
  

...abstract	
  problem	
  
topology...	
  

The	
  code	
  says	
  "send	
  message"	
  but	
  has	
  no	
  
control	
  where	
  the	
  output	
  message	
  goes	
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Event-­‐driven	
  soTware	
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48-­‐node	
  PCB	
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864	
  cores	
   2,592	
  cores	
  



SpiNNaker	
  machines	
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20,000	
  cores	
   100,000	
  cores	
  



Building	
  the	
  105	
  machine	
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Sudoku	
  on	
  SpiNNaker	
  

SpiNNaker model developed by Evie Andrew, based on: 
S. Habenschuss, Z. Jonke, and W. Maass, “Stochastic computations in cortical 
microcircuit models”, PLOS Computational Biology, 9(11):e1003311, 2013. 
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SpiNNaker	
  robot	
  control	
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Spaun	
  
a)

Informa!on 
Decoding 

Motor 
Processing 

Transform 
Calcula!on 

Ac!on Selec!on 

Reward 
Evalua!on 

Working Memory 

Visual 
Input 

Motor 
Output 

b)

= hierarchy

Informa!on 
Encoding

Chris	
  Eliasmith	
  et	
  al,	
  Science	
  vol.	
  338,	
  30	
  Nov	
  2012	
  
SpiNNaker	
  port	
  by	
  Andrew	
  Mundy	
  	
  

•  Spaun:	
  
•  2.5M	
  neurons	
  
•  ~100Hz	
  firing	
  rates	
  
•  ~500	
  inputs/neuron	
  
•  125G	
  conn/s	
  
•  2-­‐3	
  hours/s	
  on	
  cluster	
  

•  Real-­‐Kme	
  Spaun:	
  
•  25,000	
  ARMs	
  
•  30x	
  48-­‐node	
  PCBs	
  
•  by	
  end	
  Q2	
  2014?	
  

•  Other	
  promising	
  models:	
  
•  HTM?	
  Leabra?	
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Conclusions	
  

•  SpiNNaker: 
•  has been 15 years in conception… 
•  …and 8 years in construction, 
•  and is now ready for action! 

•  ~40 boards with groups around the world 
•  20,000 and 100,000 core machines built 

•  1M core machine to follow soon 
•  large models: Spaun, HTM?, Leabra? 

•  HBP is supporting s/w development 
•  leading to open access 
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