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What is SpiNNaker?



SpiNNaker Project

• A million “mobile phone” 
processors in one computer

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

• …or 10 mice!



Application Areas



“Traditional” Architecture
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“Traditional” Network



SpiNNaker Chip

ARM968 Processor
200Mhz

No Memory Mgmt
No Floating Point

128MB Shared 
SDRAM (Slow)

32Kb Instruction 
Memory (Fast)

64Kb Data 
Memory (Fast)

Router
1024 Routing Entries

32Kb Shared System 
RAM

100Mb/s Ethernet

Direct Memory 
Access (DMA) 

Controller



SpiNNaker Multicast



SpiNNaker Boards
SpiNN 3 board (~4W) SpiNN 5 board (~60W)

SpiNNaker Ethernet

Board Management Processor
(Power, FPGA Config, etc.)

External 
Device 
Ports



Building SpiNNaker Machines



Building SpiNNaker Machines



Building SpiNNaker Machines



SpiNNaker 1Million Machine

1200 Boards, ~1 Million Cores, 100KW



SpiNNaker Allocation

Spalloc ServerSpalloc Client

User Job



SpiNNaker Allocation

Spalloc Server

User Job



Using SpiNNaker: Software



Software Stack
User Interface

(Host Side)
SpiNNaker 
Machine

Ethernet I/F Ethernet I/F SpiNNaker Chip

Front End Interface 
(PyNN, etc.)

Simulation Control 
(Mapping, Execution, 

Data Input/Output, etc.)

Communication

Application Code

Event Driven API

Low-Level Hardware 
API

Chip Monitor

Live 
I/O



Chip Neural Network Software
Low Level API

Event Driven API
Application Code

Instruction Memory

Neuron States
Spike SDRAM Lookup Tables

Data Memory

Event Handling
Neuron State Update

Spike Processing

ARM Processor

Synaptic States
Recorded Data

SDRAM Port

Spike Sending / Receiving

Router

Transfer Synapses from/to 
SDRAM

DMA Controller



Neural Network Events

Receive 
Multicast 
Packet

Lookup Spike,
Start Synapse DMA Read

DMA Read 
Complete

Update Plastic Synapses,
Process Synapses,
Accumulate Weight,

Start Synapse DMA Write

Timer

Transfer Weight to Input
Update Neuron States, 

Send Spikes,
Structural Plasticity

Accumulated 
Weights SDRAM



Spike
Delay = 3
Weight = 5

Spike
Delay = 5
Weight = 2

Spike
Delay = 3
Weight = 3

Weights and Delays

1 16

5 28

Delay = 16

Delay = 32

Delay = 48

Spike
Delay = 36

Spike
Delay = 4
Weight = 3

3



Alternative Mappings
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Host Neural Network Software



Host Neural Network Software



Loading Neural Networks

Population Population
Projection

Data



Loading Neural Network Connectivity

Population Population
Projection

~8 Hours
Synaptic Data

~1.5 Hours



Loading Neural Network Connectivity

Population Population
Projection

~1 minute

Connection 
Description

~ 1.5 minutes

~3.5 minutes



Execution: Time Scaling
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Live I/O Support

Spikes or Commands

Robot

SpynnakerLiveSpikes
Connection Spikes

SpynnakerPoissonControl
Connection

Poisson Rates
EthernetControl

Connection
Membrane 
Voltages



Access to SpiNNaker

Remote SpiNNaker 
Batch Processing



Examples



Cortical Microcircuit Model



Cerebellum Model (in progress)

88,158

96,737 Neurons

~30,000 
Synapses per 

Neuron
~3,000 Spikes 

per 0.1ms

69



Sensory Input: SpiNNakEar



Sensory Input: Retina



Structural Plasticity: MNIST



Structural Plasticity: Motion Detection



Sudoku “Solver”



Virtual Environments: Breakout



Virtual Environments: OpenAI Gym



Virtual Neurorobotics Environment



Robotics



iCub Cerebellum (in Progress)



Non-Neural Applications: Particle Filter



Non-Neural Applications: 
Markov Chain Monte Carlo (MCMC)



The Future



SpiNNaker 2: JIB 1 Test Chip
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SpiNNaker 2
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SpiNNaker 2 Software
User Interface

(Host Side)
SpiNNaker 
Machine

Ethernet I/F Ethernet I/F SpiNNaker Chip

Front End Interface 
(PyNN, etc.)

Simulation Control 
(Mapping, Execution, 

Data Input/Output, etc.)

Communication

Application Code

Event Driven API

Low-Level Hardware 
API

Chip Monitor

Live 
I/O

Low-Level Hardware 
APICommunication

Simulation Control 
(Mapping, Execution, 

Data Input/Output, etc.)

Chip Monitor Event Driven API++



Questions?


