WEGSL11DNHU
'RUNVKRS

SURFHHGLQJ)
6HSWHPEHU

WK WK

ODQFKHVWHU



WEGSL11DNHU
'RUNVKRS

'D\
OHSWHPEHU

W K

ODQFKHVWHU



Sessions and Venues

6™ SpiNNaker Workshop
* Two types of sessions:
* Presentations (some optional!)
* Lab work (with lab books)

* Three venues:
» Collab 1 (here) for labs and some presentations
* Atlas-1 (30m away) for some presentations
Welcome & Overview * Area outside this room for lunch/drinks breaks

SpiNNaker Worksh ’ :
P September 2016 « Don't leave valuables here overnight!

Breakdown of each day WI-FI Access

e Sessions: e eduroam is available as normal around the
o Start at 9am — promptly! building
* Run to 5pm,except the last day (1pm)

* UoM guest accounts available if you need

one
* Please ask!

» Breaks:
» Drinks mid-morning and at 3pm daily (half hour)
* Lunch at 12pm daily (one hour)

* Fire alarm test on Wednesday at 1pm



Time
09:00
10:00
10:15
11:00
12:00
13:00
14:00
15:00
15:30
16:30

Time
09:00
10:00
11:00
12:00
13:00
14:00
14:30
16:30

Day 1 - Monday 5t

Session Presenter
Registration
Workshop Introduction & logistics SD
SpiNNaker Hardware & Tools Overview SD
Introductory Lab AGR
Lunch
SpiNNaker architecture and chip resources ST
Running PyNN simulations on SpiNNaker AGR
Coffee
Lab time
Close

Day 3 — Wednesday 7t

Session Presenter
Simple data I/0 and visualisation ABS (SD)
Lab time (coffee at 10:30)
Maths & fixed point libraries MH
Lunch
Adding new neuron models AGR/MH
Connecting SpiNNaker to external devices ABS (DRL)

Lab time (coffee at 15:00)

Close

Time

09:00
10:00
10:30
11:30
12:00
13:00
14:00
15:00
15:30
16:30

09:00
09:45
10:30
11:00
12:00
13:00

13:30
15:30
16:30

Day 2 — Tuesday 6%

Session Presenter
SpiNNaker system software (SARK) ST
Coffee (earlier than usual)
SpiNNaker API + event driven simulation LAP
Writing Applications on SpiNNaker - Overview SD
Lunch
Introduction to Graph Front End (GFE) ABS (AGR)
ybug and gdb walk-through ST
Coffee
Lab time
Close
Day 4 — Thursday 8"
Adding new models of synaptic plasticity JK
Graph Front End — further details ABS (AGR)
Coffee
Lab time
Lunch
Using big SpiNNaker machines remotely: AGR
The HBP portal
Lab time (coffee at 15:00)
Demonstration of NENGO language and environment TBC

Close
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Time Session Presenter

09:00
10:30
11:00
12:00

Day 5 — Friday 9t

Lab time

Coffee

Lab time

Lunch and close

10

Feedback...

We'd appreciate some feedback on...

Your workshop experience
SpiNNaker hardware

SpiNNaker software

I'll email you in the next few weeks

We hope that you enjoy the workshop!

Loan board requests...

4-node boards can be loaned out
* But supply is limited

Please send an email with your project

details to:

Steve Temple will allocate and log board loans
* Please don't just take one away....



Contents
SpiNNaker Hardware & Software

What is SpiNNaker?

SpiNNaker at different scales

SpiNNaker architecture: chip & system

Overview

Using SpiNNaker

SpiNNaker Workshop
September 2016

SpiNNaker Project How is SpiNNaker Used?
A million mobile * Some key user communities:
phone processors in
one computer « Computational neuroscientists  to simulate

Able to model about

large neural models and try to understand the
0,
...or 10 mice!

* Roboticists to build advanced neural sensory
and control systems

« Computer architects to apply neural theories
of computation to non-neural problems



SpiNNaker System

Multicast Routing

Hardware router on each
node

Packets have a routing key

Router has a look-up table
of {key, mask, data} triplets

If address matches a key-

mask pair, the associated

data tells router what to do
with the packet

21
373 0]
4 5

Chip-to-chip communications:
Packet routing

No memory shared between chips!

Communicate via simple messages called
packets: Routing Types

0 40 bit (no data) or

o 72 bit (includes 32-bit data word) Nearest Neighbour

Point-to-Point

Four types of routing, most important (for you) Multicast
is multicast Fixed Route

Packets used to communicate with the host

and external peripherals:

o Via Ethernet adapter for host comms.

0 Or via chip-to-chip SpiNNaker links for
external devices

SpiNNaker Chip
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SpiNNaker Boards

Scaling to a billion neurons

SpiNNaker Machines

10

What Next for SpiNNaker?

* Five cabinet machine (500K ARM cores)
* Now online and available!
« Open to any research project, in principle

» SpiNNaker2 being developed within HBP
* New systems by 20207

* For further information contact:
simon.davidson@manchester.ac.uk

12



SpiNNaker Node

IETERTRRTIT

Chip Architecture

13 14

Chip Resources

18 cores on a chip:

o 1 Monitor Processor

0 16 Application processors
o 1 fault-tolerant/yield spare

Each core is an ARM968 processor

0 200 MHz clock speed USIng SplNNaker:
o No memory management or floating point!
0 Local memories: The Software Stack

« 32K local code memory (ITCM), 64K local data (DTCM)
* TCMs are visible only to local processor

128MByte SDRAM

o Shared and visible to all processors on same node

Router:

— Directs flow of information from core-to-core across the machine
15 16
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19

Software Stack

What Files are Required for Simulation?

Mapping Process

Order of Events (batch mode)

5. Synchronise the start on all cores!
6. Simulation runs to completion

7. Hands back control to host

20
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End of Overview!

Much more detail on all of these topics
* Inthe sessions to come....

Any questions for now?

Just one more thing to add....

22

Buying SpiNNaker Hardware

* 48-node board now
available for sale

« Non-commercial use only

» 4-node boards can only be
loaned (currently!)

*  For further information contact:
simon.davidson@manchester.ac.uk
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uint spinl_send_mc_pkt (uint key, uint data, uint payload);




uint spinl_send_sdp_msg (sdp_msg_t *msg, uint timeout);
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Running PyNN Simulations on SpiNNaker Spiking Neural Networks

R\
Andrew Rowley, Alan Stokes ® \_/
SpiNNaker Workshop, September 2016 P 4
Spiking Neural Networks What is PyNN?

~

N\




A Simple PyNN Network A Simple PyNN Network

import pyNN.spiNNaker as p

A Simple PyNN Network A Simple PyNN Network

import pyNN.spiNNaker as p import pyNN.spiNNaker as p
p.setup(timestep=1.0) p.setup(timestep=1.0)
pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1")



A Simple PyNN Network

import pyNN.spiNNaker as p

p.setup(timestep=1.0)

pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1”)

input = p.Population(1, p.SpikeSourceArray,
{“spike_times’: [@]}, label=“input”)

A Simple PyNN Network

import pyNN.spiNNaker as p
p.setup(timestep=1.0)
pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1")
input = p.Population(1, p.SpikeSourceArray,
{“spike_times’: [@]}, label=“input”)
input_proj = p.Projection(input, pop_1, p.OneToOneConnector(
weights=5.0, delays=1))
pop_1.record()
pop_1.record_v()

1"
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A Simple PyNN Network

import pyNN.spiNNaker as p
p.setup(timestep=1.0)
pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1")
input = p.Population(1, p.SpikeSourceArray,
{“spike_times’: [@]}, label=“input”)
input_proj = p.Projection(input, pop_1, p.OneToOneConnector(
weights=5.0, delays=1))

10

A Simple PyNN Network

import pyNN.spiNNaker as p
p.setup(timestep=1.0)
pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1")
input = p.Population(1, p.SpikeSourceArray,
{“spike_times’: [@]}, label=“input”)
input_proj = p.Projection(input, pop_1, p.OneToOneConnector(
weights=5.0, delays=1))
pop_1.record()
pop_1.record_v()
p.run(10)

12
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Edit ~/.spynnaker.cfg

[Machine]

-

# Information about the target SpiNNaker board or machine:

# machineName: The name or IP address of the target board

# version: Version of the Spinnaker Hardware Board (1-5)
# machineTimeStep: Internal time step in simulations in usecs.
# timeScaleFactor: Change this to slow down the simulation time
# relative to real time.

H----m=--

machineName = None

version = None

#machineTimeStep = 1000
#timeScaleFactor = 1

13

A Simple PyNN Network

import pyNN.spiNNaker as p

p.setup(timestep=1.0)

pop_1 = p.Population(1l, p.IF_curr_exp, {}, label=“pop_1")

input = p.Population(1, p.SpikeSourceArray,

{“spike_times’: [@]}, label=“input”)

input_proj = p.Projection(input, pop_1, p.OneToOneConnector(
weights=5.0, delays=1))

pop_1.record()

pop_1.record_v()

p.run(10)

spikes = pop_1.getSpikes()

v = pop_l.get_v()

15

——@

Edit ~/.spynnaker.cfg

[Machine]

H----m--

# Information about the target SpiNNaker board or machine:

# machineName: The name or IP address of the target board

# version: Version of the Spinnaker Hardware Board (1-5)
# machineTimeStep: Internal time step in simulations in usecs.
# timeScaleFactor: Change this to slow down the simulation time
# relative to real time.

H#-------

machineName = 192.168.240.253

version =3

#machineTimeStep = 1000
#timeScaleFactor = 1

14

Plotting Output
import pylab _ °
time = [i[1] for i in v if i[@] == 0]

membrane_voltage = [i[2] for i in v if i[@] == 0]
pylab.plot(time, membrane_voltage)
pylab.xlabel("Time (ms)")

pylab.ylabel("Membrane Voltage")

pylab.axis([@, 10, -75, -45])

pylab.show()

16



Plotting Output Limitations of PyNN on SpiNNaker:

Neurons Per Core

import pylab
spike_time = [i[1] for i in spikes]
spike_id = [i[@] for i in spikes]

pylab.plot(spike_time, spike_id, ".")
pylab.xlabel("Time (ms)") @ @ @
pylab.ylabel("Neuron ID")

pylab.axis([e, 10, -1, 1])
pylab.show()

Maximum of
256 per core

D DD
D @ B

@ S
® S

17 18

Limitations of PyNN on SpiNNaker: SpiNNaker-Specific PyNN

Number of cores available iport pyNN.spiNNaker as p
p.setup(timestep=1.0)
p.set_number_of_neurons_per_core(p.IF_curr_exp, 100)

- ‘ ‘ pop_1 = p.Population(l, p.IF_curr_exp, {}, label=“pop_1")

N
=)
@

delay > 16

High
Connectivity Plasticity

19 20



Configuration with spynnaker.cfg

Configuration with spynnaker.cfg

[Machine]
machineName = None
version = None
timeScaleFactor =1
Real Time (ms) 0
Sim Time (ms) 0
21

Balanced Random Network

23

10

20
20

[Machine]
machineName = None
version = None
timeScaleFactor = 10
30 Real Time (ms) 0 10 20 30
30 Sim Time (ms) 0 1 2 3
22

Balanced Random Network

import pyNN.spiNNaker as p
import pylab
from pyNN.random import RandomDistribution

p.setup(timestep=0.1)

n_neurons = 1000

n_exc = int(round(n_neurons * 0.8))
n_inh = int(round(n_neurons * 0.2))

24



Balanced Random Network

pop_exc = p.Population(n_exc, p.IF_curr_exp, {},
label="Excitatory")

pop_inh = p.Population(n_inh, p.IF_curr_exp, {},
label="Inhibitory")

stim_exc = p.Population(n_exc, p.SpikeSourcePoisson,

{"rate": 10.0}, label="Stim_Exc")
stim_inh = p.Population(n_inh, p.SpikeSourcePoisson,
{"rate": 10.0}, label="Stim_Inh")

@ o
Q o

25

Balanced Random Network

delays_stim = RandomDistribution("uniform", [1.0, 1.6])
conn_stim = p.OneToOneConnector(weights=2.0,
delays=delays_stim)
p.Projection(stim_exc, pop_exc, conn_stim, target="excitatory")
p.Projection(stim_inh, pop_inh, conn_stim, target="excitatory")

27

Balanced Random Network

conn_exc = p.FixedProbabilityConnector(0.1, weights=0.2,
delays=2.0)

conn_inh = p.FixedProbabilityConnector(0.1, weights=-1.0,
delays=2.0)

p.Projection(pop_exc, pop_exc, conn_exc, target="excitatory")
p.Projection(pop_exc, pop_inh, conn_exc, target="excitatory")
p.Projection(pop_inh, pop_inh, conn_inh, target="inhibitory")
p.Projection(pop_inh, pop_exc, conn_inh, target="inhibitory")

Q o

26

Balanced Random Network

pop_exc.initialize("v", RandomDistribution("uniform",
[-65.0, -55.8]))

pop_inh.initialize("v", RandomDistribution("uniform",
[-65.0, -55.0]))

pop_exc.record()

p.run(1000)

28



Balanced Random Network Spike Time Dependent Plasticity:

spikes = pop_exc.getSpikes() POtent|at|On
pylab.plot([i[1] for i in spikes], [i[@] for i in spikes], ".")
pylab.xlabel("Time (ms)") 1 2

pylab.ylabel("Neuron ID")
pylab.axis([@, 1000, -1, n_exc + 1]) w+ Aw
pylab.show()

I
Spike Time Dependent Plasticity: STDP Rules

Depression J _a
e _plus
2 1

o——o :

1 2 " tau_minus
At e

_I/// A_minus

Aw |

pre

post
31 32



STDP in PyNN

STDP, w=0,
w_max=10.0

33

STDP in PyNN

training = p.Population(
n_neurons, p.SpikeSourcePoisson,
{"rate": 10.0, "start": 2000.0, "duration": 1000.0},
label="Training")

p.Projection(pre_noise, pre_pop, p.OneToOneConnector(weights=2.0))
p.Projection(post_noise, post_pop, p.OneToOneConnector(weights=2.0))

p.Projection(training, pre_pop, p.OneToOneConnector(weights=5.0, delays=1.0))
p.Projection(training, post_pop, p.OneToOneConnector(weights=5.0, delays=10.0))

35

STDP in PyNN

import pyNN.spiNNaker as p
import pylab

p.setup(timestep=1.0)
n_neurons = 100

pre_pop = p.Population(n_neurons, p.IF_curr_exp, {}, label="Pre")
post_pop = p.Population(n_neurons, p.IF_curr_exp, {}, label="Post")
pre_noise = p.Population(

n_neurons, p.SpikeSourcePoisson, {"rate": 10.0}, label="Noise_Pre")
post_noise = p.Population(
n_neurons, p.SpikeSourcePoisson, {"rate": 10.0}, label="Noise_Post")

pre_pop.record()
post_pop.record()

34 IIIII IIIII

STDP in PyNN

timing_rule = p.SpikePairRule(tau_plus=20.0, tau_minus=20.0)
weight_rule = p.AdditiveWeightDependence(
w_max=5.0, w_min=0.08, A_plus=0.5, A_minus=0.5)

stdp_model = p.STDPMechanism(
timing_dependence=timing_rule, weight_dependence=weight_rule)

stdp_projection = p.Projection(

pre_pop, post_pop, p.OneToOneConnector(weights=0.0, delays=5.0),
synapse_dynamics=p.SynapseDynamics(slow=stdp_model))

36



p.run(5000)

STDP in PyNN

pre_spikes = pre_pop.getSpikes()

post_spikes =

print stdp_projection.getWeights()

p.end() [

37
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pylab.
pylab.
pylab.
pylab.
pylab.
pylab.

38

STDP in PyNN
figure()

x1lim( (0, 5000))

plot([i[1] for i in pre_spikes], [i[@] for i in pre_spikes], "r.")
plot([i[1] for i in post_spikes], [i[©] for i in post_spikes], "b.")
xlabel('Time/ms")

ylabel('spikes")

show()
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Read (addr, length)
Write (addr, length, data)
Reset (core_mask)

E & ( +







H$% 3+ , & ( H$% 3+ , & (

malloc/free
malloc/free

malloc/free
Ol
.9 9N

#$% 3+ , &<( #$% -
#include <sark.h>

void ¢_main (void)
{
io_printf (IO_STD, "Hello world (via SDP)\n");
io_printf (I0_BUF, "Hello world (via SDRAM)I\n");
}




#5% ) -.

#include <sark.h>

INT_HANDLER timer_int_han (void)

{
tc[T1_INT_CLR] = (uint) tc; /I Clear interrupt in timer
sark_led_set (LED_FLIP (1)); /I Flip a LED
vic[VIC_VADDR] = (uint) vic; /I Tell VIC we®re done

}

void timer_setup (uint period)

tc[T1_CONTROL] = 0xe2; /I Set up count-down mode
tc[T1_LOAD] = sark.cpu_clk * period; /I Load time (us)
sark_vic_set (SLOT_O, TIMERZL_INT, 1, timer_int_han);

}

void ¢c_main ()

{
io_printf (IO_STD, "Timer interrupt example\n®);
timer_setup (500000); /1 (0.5 secs)
cpu_sleep (); /I Send core to sleep

}

#3$%
docs/sark.pdf

docs/ybug.pdf
a spinnaker.h®
!

asark.h®

*!

#
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I/ circle sequence
uint circle_pos|[] =
1,2,3,4,8,12,16, 15,
14,13,9,5,6,7,11,10
3

Il iterate over 16 positions
for (uinti=0; i< 16; i++)

/I update display,
print_circle (circle_posi]);

// and delay next circle
for (uint j = 0; j < BIG_NUM; j++)
{

continue;




1/ circle sequence
uint circle_pos[] =

{

1,2,3 4,8, 12,16, 15,
14,13,9,5,6,7,11, 10
b

Il this core®©s id
id = spin1_get_core_id();

1/ delay my circle,
for (uintj = 0; j < (id * BIG_NUM); j++)
{

continue;

1/l and update display
print_circle (circle_poslid]);

110.125s tick period (in microseconds)
#define TIMER_TICK_PERIOD 125000

void ¢c_main()

Il initialize variables and state

my_state = OFF;
old_state = my_state;

/I prepare for execution
1

/I set timer tick value

spinl_set_timer_tick (TIMER_TICK_PERIOD);

I/ register callbacks
spinl_callback_on (
MC_PACKET_RECEIVED, packet, -1);

spinl_callback_on (
TIMER_TICK, timer, 0);

spinl_start(SYNC_WAIT);

void packet (uint pkt_key, uint pkt_payload)

/I update my state
my_state = ON;
}

void timer (uint ticks, uint b)

1/ check if state changed
if (my_state != old_state)

I update display,
print_circle (circle_pos[id]);

/I send a packet to next core in the chain,
spinl_send_mc_packet(my_key, 0, NO_PAYLOAD);

/I 'and remember state
old_state = my_state;

pe
" #
#it *
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Contents
Writing an Application for SpiNNaker -

Introduction
» View of an application distributed across parallel processors

» SpiNNaker Graph Front End (GFE)

» Design Considerations:
¢ Managing finite resources (partitioning)
« Thinking about data flow (message identifiers/routing keys)

. . » Process to port a new application to SpiNNaker
Simon Davidson , Alan Stokes, Andrew ROW|ey » What the tools will do for you (mapping, routing tables, data generation, etc.)

¢ What the designer must supply (binaries, data spec, meta-data)

SpiNNaker Workshop
September 2016 e Summary
2
View of an application distributed Design Process for New
across parallel processors Applications

* The application designer creates components (nodes and
communication types)

Two main activities:
Computation
Communication

¢ These components plug into our tool chain

* Auser can then invoke the Graph Front End (GFE) to create and run their

Think of the problem as a graph: own networks on SpiNNaker
Vertex = computation node
Edge = flow of information between nodes « Input is textual, like a PyNN script, in which the user instantiates the components created by

Node can hold a collections of objects of the the application designer

same type, which we call atoms e Graph Front End is NOT a Graphical Interface - No GUI!

e.g. Many spiking neurons in one population



Example script: Design Considerations I:

’ . ..
Conway’s Game of Life Finite resources per core
import spinnaker_graph_front_end as front_end « The user’s graph will be mapped to the
import sys cores of the SpiNNaker machine
# set up the front end and ask for a machine with 48 chips « Each core has finite resource:
front_end.setup() +  Compute power
¢ Local memory

cell_1 = MyCell() *  Share of SDRAM capacity & bandwidth

— ¢ Communications bandwidth for packets (max 200 atoms
cell_2 = MyCell() per core)

edge = MachineEdge(cell_1, cell_2)

front_end.add_machine_vertex_instance(cell_1) * Where each vertex represents many atoms

front_end.add_machine_vertex_instance(cell_2) we partition each one into smaller pieces,
front_end.add_machine_edge_instance(edge, "STATE") so that one piece fits on one core:

# run the simulation for 5 seconds +  Application graph maps to Machine Graph
front_end.run(5000) » Edges also split to maintain correct connectivity

# clean yp the machine for the next application. * Merging of vertices NOT currently

front_end.stop() supported!
5 6
Design Considerations |l: Design Considerations Il:
Dataflow between Vertices Dataflow between Vertices
» Consider the pattern of messages flowing from each vertex: » Case 2: Data send to different targets at different times:
e Case 1: Messages always go to the same set of targets e e.g. multi-layered perceptron, with forward and backward data flow
« Case 2: Messages go to different targets at different times e Useful when there are different modes of operation

. ¢ Group edges so that those in same mode are together
« Case 1: Homogeneous data flow . Agrouping is called a partition

¢ e.g. spikes in neural simulation

) ” . * Assign a separate identifier for each pre-vertex/partition pair
* One identifier for each machine vertex

e Sixedges[1, 2, .., 6] 6
e Three partitions [red, blue, green] 1 3

vl > v4 25 v4



Software Stack

Where do you need to supply new
information?

Tell the partitioner how
much resource a
machine vertex of the

application vertex

requires

11

Where do you need to supply new
information?

10
Where do you need to supply new
information?
Tell the placer how much
reso\t/;;;ia;hquecshme ’
12 L)



13

15

Where do you need to supply new
information?

Provide a script to
generate the data
in SDRAM for each
machine vertex

(PyNN, graph, etc.)

cores

Summary

It is useful to abstract any parallel application into the form of
a graph with:

Centres of computation (vertices)

Connected by communication pathways (edges)

Application designer must describe the computational elements and the

communication types and plug those into our tools:
Executables to run on SpiNNaker (typically written in C)

Data specification, used to create each nodes data

Describe resource requirements to allow tools to map networks to cores

User can then specify application networks and run them using the Graph Front
End.The tools handle :

Mapping

Routing table generation

Data generation

Loading

Simulation

Results gathering

And other stuff ...

14

Data Spec. and Data Generation

Each core running your application needs to generate its local data before
it starts simulation

We provide a simple virtual machine in which you can execute simple
programs to generate this data

This is the Data Spec Executor (DSE)
The tools run code called the Data Spec Generator (DSG) that create a

program (the specification or spec) for each core that is run by the DSG to
generate its data



Introduction to the Graph Front End
Functionality

Alan Stokes, Andrew Rowley

SpiNNaker Workshop
September 2016

Software modules

Contents
The Graph Front End (GFE) interface

Simple Usage of the GFE
The Graph in the GFE
Data Generation

Binary Specification

Writing and building simple C code

Software modules covered here




GFE structure

——Example code

Code to read config file

Main interface

Main interface functions

import spinnaker_graph_front_end as p

p.setup() Sets up the software stack so that it has read the
configuration file and created whatever data
objects are required.

p.run(duration) Runs the simulation for a given time period
(microseconds).

p.stop() Closes down the application that is running on
the SpiNNaker machine and does any
housekeeping needed to allow the next
application to run correctly.

Skeleton Functionality

import spinnaker_graph_front_end as front_end

# set up the front end
front_end.setup()

# run the simulation for 5 seconds
front_end.run(5000)

# clean up the machine for the next application
front_end.stop()

ConfigurationException:
There needs to be a graph which contains at least one vertex
for the tool chain to map anything.

PACMAN Graph

Has a 1:1 ratio between vertices and SpiNNaker core.



















































































































































