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Motivation: Engineer & Neuroscientist

i

Neural processing systems......Taking inspiration from the biology......to
deploy a new computer architecture paradigm !!!

> An Engineering point of view....

»Pattern recognition + Low power consumption

> Fault-tolerant computers +Self repairing systems

> A Neuroscientist point of view....
> Faster large-scale neural network simulations

> Ultimately, to learn a bit more about how the
human brain works
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Neuron Interconnection: The big challenge

A human brain contains in
average...

> 101 neurons
> 10 1° synapses

> 1:1000 Fan in/out
connection ration

We need a highly optimised architecture
to overtake this challenge....
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Previous Work

Blue Brain Project [Markram’03]
= |BM BlueGene/L supercomputer
SpiNNaker [Furber’06]
* Embedded ARM processors + NoC interconnection
SYNAPSE Project [Modha’11]
= Digital neurons + Crossbar fabric
Neurogrid [Boahen’09]
= Analogue neurons + on-chip routers
FACETS [Schemmel’05]
= Analogue neurons + hierarchical intra-wafers buses

....However, there is still room for improvement ©
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Key Research Problem

...How to interconnect a large number of
spiking neurons in a network fashion efficiently?...

Efficiently?... a trade-off between O
> Scalability
> Area utilisation
» Power consumption

> Throughput

> Synapse/neuron ratio

..... And what about hardware acceleration !!
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EMulating Biologically-inspiRed ArChitectures in hardwarE

(EMBRACE)

Self-repairing Embedded

Information Processing Systems

Accelerated Exploration Platform
for Neuro-degenerative Diseases

|

EMBRACE '

e |

Electronic Electronic Interconnect Computational Tools

Biological Cells Storage Models

- CMOS Synapse : - NoGCs .

_Neuron cell - Weight storage - Adaptive - Astrocyt(? models - Network B.under
- re-programming routers - Self repair models - Programming
architectures —- Fault detection - Learning models - Analysis tool

}\ Low-level > High-level
- Ulster - Ulster - Ulster

- University of Liverpool (S Hall)
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- NUI Galway (F Morgan)
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EMulating Biologically-inspiRed ArChitectures in hardwarE

(EMBRACE)

(
EMBRACE
Electronic Electronic Interconnect Computational Tools
Biological Cells Storage Models
- CMOS Synapse . - NoGCs .
_Neuron cell - Weight storage - Adaptive - Astrocytg models - Network B.U|Ider
- re-programming routers - Self repair models - Programming
architectures - Fault detection - Learning models - Analysis tool
1\ Low-level > High-level

\

- Ulster

- University of Liverpool (S Hall)
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EMBRACE Neural Cell

e L

o An a n a I Og u e pOi nt ne u ro n () Regulas-spiking naumans
(Leaky Integrate & Fire model) Neural Cel T
. <>
Synapse interface l |

Weights

m|ts correspondent synapse cells (N-1:0)

(Dynamic Synapses) I
Decoder
and
=A packet decoder/encoder Encoder
A

.A nEtWOrk Interface to On-going EPSRC project between:

communicate with digital NoC - University of Ulster
- University of Liverpool (S Hall)
router

L. McDaid, S. Hall, and P. Kelly, “A programmable facilitating synapse device,” in 2008 IEEE International Joint Conference on
Neural Networks (IEEE World Congress on Computational Intelligence), 2008, pp. 1615-1620.
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Hierarchical Topology:
Taking inspiration from the biology........

sensory 1

E. coli transcriptional
regulatory network

T3, | motor 2

The brain is a 3D structure !!

The hierarchical topology of ] ]
the E. Coli (Yan et al. 2010) A Schematic representation of a cluster of

neurons (Zylberberg et al. 2010)
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Hierarchical Topology:
.eeeee.. aNd also from the NoC community !!

*Hierarchical NoCs (H-NoCs) exploit *Virtual regions or facilities are used to
the concept of region-based routing. allocate resources that process either
local or global traffic.
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[1] J.-Y. Kim, J. Park, S. Lee, M. Kim, J. Oh, and H.-J. Yoo, “A 118.4 GB/s Multi-Casting Network-on-Chip With Hierarchical Star-Ring
Combined Topology for Real-Time Object Recognition,” IEEE Journal of Solid-State Circuits, vol. 45, no. 7, pp. 1399-1409, Jul. 2010
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Hierarchical Topology:
.eeeee.. aNd also from the NoC community !!

*Hierarchical NoCs (H-NoCs) exploit
the concept of region-based routing.
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[1] J.-Y. Kim, J. Park, S. Lee, M. Kim, J. Oh, and H.-J. Yoo, “A 118.4 GB/s Multi-Casting Network-on-Chip With Hierarchical Star-Ring
Combined Topology for Real-Time Object Recognition,” IEEE Journal of Solid-State Circuits, vol. 45, no. 7, pp. 1399-1409, Jul. 2010
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EMulating Biologically-inspiRed ArChitectures in hardwarE
(EMBRACE): H-NoC Approach

il i To/From
Level 1: Neuron Facility 2nd level
(To/From tile router)
Neuron Node Neuron
Thebrainisa 3D structure!! Y ( n ) Router H ? AT
\
Neuron Neuron
3 2
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EMulating Biologically-inspiRed ArChitectures in hardwarE
(EMBRACE): H-NoC Approach

J
Level 2: Tile Facility _
(To/From cluster router) r::f:ﬁ:::;
Neuron Neuron
Neuron Facility_ 4 Facility Neuron J)I 2
Facility I Facility Second Level ‘_‘W‘:‘,\\;‘
. (Intermediate) ’\
Neuron Tile Neuron
Facili Rout Facili A
acility outer acility \ To/From
Neuron I I Neuron Ist level
Facility Neuron | | Neuron Facility
Facility | | Facility
To/From
Level 1: Neuron Facility 2nd level
(To/From tile router)
S r Neuron Node Neuron
Thebrainisa 3D structure!! Y n Router [ 1
\
Neuron Neuron First Level
3 2 (Bottom)
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EMulating Biologically-inspiRed ArChitectures in hardwarE

i
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(EMBRACE): H-NoC Approach

~
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EMBRACE: H-NoC Architecture

Level 3: Cluster Faci?ity

One Cluster Facility contains:

North
Tile Tile
Facility Facility Third Level

(Top)

s e =< A 1 Cluster NoC router
Tile Tile
= =R + 4 Tile NoC routers

ou

Level 2: Tile Facility

(To/From cluster router)

Neuron Neuron

40 Node NoC Router

Facility ||| Facility

Neuron

Facility I

Neuron
Facility

Neuron Tile
Facility Router

et Gntermeciand A total of 45 NoC Router

N
Fuging [ |

Neuron || Neuron
Facility | | Facility

Facility A
to interconnect 400 neurons

Neuron
Facility

Level 1: Neuron Facility
(To/From tile router)

Neuron Node Neuron
fe—>| L
L Router 1

v

Neuron Neuron

3

....This is just an initial density ©

rirstLevet  Carrillo, S., et al., "Advancing Interconnect Density for Spiking Neural Network
2 (Bottom) - Hardware Implementations using Traffic-Aware Adaptive Network-on-Chip

| ULSTER

Routers". Neural Networks, Vol 33, pp. 42-57, September 2012.
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Neuron Facility — @Bottom-Level

- a T )
Level 3: Cluster Facility Node Router
North configuration data
. configuration/debug data
Tt{e' Tile ¥ r equestg
Facility Facility ¢ ,—grant
request from request to )
West Cluster East tile facility » . : = tile facility
Router Input scheduler <—> Routing engine Configuration Qutput scheduler
oute grant to i tf
< i ility bank register (_gran rom
tile facility A tile facility
Tile Tile A A | ﬁ A f. }
Facility I Facility % 1 ] g F é‘ e |
s - - =L - = E
South ]lv S‘L E T &
. ik E <
Level 2: Tile Facility spike event :I]:DI | [~spikeb “Taplllpi‘-f :L ‘ Y
from neural cell n | .‘g
(To/From cluster router) data ‘ spike event N
__config / debug / spike event - Y Synapse ; | to neural cell n
Neuron Neuron from tile facility (9) _ D]]I—data—} __data-J»| allocator —spike-J» m
Neuron Facility || Facility Neuron "Q"ﬁ'éﬁ'i‘iiﬁ"i"r;ﬁﬁ;'i;;rts >< ton > — D]]I 7dehug.ﬁ' spik‘e F\'ent >
Facility I Facility — to tile facility
Crossbar switch : 4
Neuron Tile Neuron \. Quening output ports
Facility Router Facility
Neuron I I Neuron Lavout for the configuration bank register
Facility N N Facility
euron | |yeuron Neuron facility address register Spike event timer register
Facility | | Facility ——
‘ Address range [3:0] ‘ | Scaling factor range [13:0] |
Level 1: Neuron Facility Communication protocol register Spike event reception register
(To/From tile router) ‘ IT_CM/NB_MC/NB_BC/DB [3:0] ‘ | Neurons position within node [9:0] |
= Target neuron population register
euron
| . L—» IFM:G 4—» < Target X-cluster addr [29:22] | Target Y-cluster addr [21:14]
outer
: Target tile addr [13:10] Target node addr [9:0]
Neuron Neuron NB_MC: neighbour multicast DB: debug
3 2 NB_BC: neighbour broadcast IT_CM: internal communication

University of
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H-NoC Architecture: Example Scenario

Level 3: Cluster Faci?ity

North
Tile Tile
Facility Facility
West Cluster East
Router Neuran
Tile Tile N(2.1)
Facility I Facility
St Neuron
Level 2: Tile Facility Neuron N(2.2)
(To/From cluster router) -N{ 1.1)
N""f".’” Neu.rc‘m L Neuron
Neuron Facility ||| Facilyr” Neuron N(2.3)
Facility I Facility ]
"wi Neuron
Neuron Tile Neuron N(1,2) S
Facility Router Facility N2A)
Neuron I I Neuron |
Facility Neuron | | Neuron Facility
Facility | | Facility
N(2.5)

Level 1: Neuron Facility
(To/From tile router)

(0™ )t e Nm) 2x5x3 Feed-forward neural network

Router

v

Neuron Neuron
3 2
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H-NoC Architecture: Example Scenario

Tile Facility 1 (TF1)

NF10

__ NNy —
NCY 5 ['NC
10 3
NC , NC
5 NR (10) B
NC :
:

7

N8 NCYyNC '
Na| ; J(~C
10 3

nNC ! ~NC
Lii
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H-NoC Architecture: Example Scenario

NC
10
NC

Tile Facility 1 (TF1)

MNC NC
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2

\R{lﬂj
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NC

**
NC
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\C
_1
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TR 1)

AdA

"“ \.c \c
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=
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Target Register —|

| 03h [ ih [lHCh|

Node B £ NR(3
Address Beyister Comm. Protocol OFh
Reception Register Timer Register i Th

Target Register ———

|l]3h|lh|l]-lﬂh|

W—| 01h | 03h | 1h [ 040k |
Node Router NRi)

TargetRegister ——— 02h | 03 | 1h | odon |

Npgde Rogter NRIT)
Address Register Comim. Prutu:ul
Reception Register Timer Register —|  0001h

Target Register ——— 00 | o00h | oh | ooon |
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H-NoC Architecture: Example Scenario
On-chip Comm: Spike event generation

Tile Facility 1 (TF1}

= ™~
Node Router
configuration data
configuration/debug data
¢ request
’—gram
request from A A 4 request to )
tile facility = tile facility
ft N Input scheduler (€—J» ing engine Configuration OQutput scheduler
< — grant to - bank register Fgrant from | {™
tile facility i + I A A 4 tile facility
Trsy ¥ 1
= - = - g -
EE &2 I_ 5 ¢ 2 &3
. =l | i
spike event a
from neural cell n l .ll 3
e/ ) data \ spike event [ —
config / debug / spike event - Y Synapse ) Tt 1 cell s
— b ¥ ke : o neural cell n
from tile facility (9) E, = data data 1 . e ll.ll
Quesing input ports N\ a > _debug! spike event
e beind Lt to tile facility »
L Crossbar switch Queuing output ports

4 bits 30 bits 14 bits
Packet generated when < > < >< >

Input neurons #6 and #9 | 0fh | 0202h1h01ch [  1h120h
are generating spike events

Header Target address Source address

B | Inivercitviof
i university Ol
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Tile Facility — @Mid-Level

Level 3: Cluster Facility
North
Tile Tile
Facility Facility
West Cluster East o / B T request to
Router —:::r':: n":.;z::'l:e:: l;"lrg}—b Tie Router [~ neuron facility (I to T
. . LI Tile address register request o ]
Tl{e. Tl{e. cz?sllu:rslh:;::;:‘_\ ) | cluster facility
Famlny Facility grant to Input scheduler Qutput scheduler grant from
S h ‘ neuron facility (1 to 10) I neuron facility (1 to 10)
out grant to « » R g eng < > ¢ grant from
‘ cluster lacility (1 to 10) cluster facility (1 to 10)
Level 2: Tile Facllllt]} : * l Crossbhar switch _'A * l
(To/From cluster router) EFEE ¢ ER i
= eyt sn = =
Neuron Neuron | | *’ | | *
Facili Facili
Neuron o o Neuron config / debug / spike event
Facility I Facility debug / spike event —datapp] datap to neuron facility(1 to 10) >
J— =" —datal
from neuron facility(1 to l(l}_> H
Neuron Tile Neuron 1
Facility Router Facility
config / debug / spike event debug / spike event 3
]Fve";{m I I Ne"f"f” " from cluster facility —» —data —datap- to cluster facility
acility Neuron | [ Neuron Facility L
Facility- B Facility o Queuing input ports Queuing output ports )
Level 1: Neuron Facility » . . .
(To/From tile router) It’s the arbitration point for NoC packets
T coming from the Bottom & Top Levels !!
Node = Neuron p
L2 Router 1
L
Neuron Neuron Distributed parallel datapath to handle

multiple incoming spike events !!

QI
ol

k'\"
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H-NoC Architecture: Example Scenario
On-chip Comm: Spike event absorption

——
Tolrom Cluster Router
A
Tile Facility 1 (TF1}
s = ™~
Node Router
configuration data
configuration/debug data
¢ request
’—gram
request from A A 4 request to )
tile facility = tile facility
i : Input scheduler f<—p» engine Configuration OQutput scheduler
< — .gran . P - bank register grant from
tile facility i + I A A 4 Ftile facility
Trsy ¥ 1
= - = - g -
E= 2= 4 ¢ -
. )l i
spike event a
from neural cell n l .ll 3
fie , data N spike event
config / debug / spike event - Y Synapse ) Tt 1 cell )
— b ¥ ke | o neural cell n
from tile facility (9) E, = data data 1 . e ll.ll
Quesing input ports J > | debug / spke event
e beind Lt to tile facility »
L Crossbar switch Queuing output ports

As = n— [Anewr'ﬂn + Anewr'ﬂn_facﬂit}r X T-")

4 bits 30 bits 14 bits
<€ > € ><€ >

OFh | 0202h 1h 01Ch | 1h 120h

] f t

Header Target address Source address

University of
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Cluster Facility — @Top Level

Level 3: Cluster Faci?ity

Cluster Router

request to tile facility
(1to4) »

" NOTth =—=request from tile facility (1 to l]-)
Tile Tile . o Input scheduler | - Ro{.lling engine for | | Cutput scheduler
Fﬂciﬁly Fa(;i[it ‘—g:'anl to tile facility (1 to 4f— ] Ll internal data - o
Yy A * [ Crosshar switch A + [
E e B £ ¥ =g §
West Cluster East ge=c & £& 32 &
Router _l_IJ_ _I_li-
debug |/ spik from til d »
o 3 e Ilg spike event from tile 1
. g — iy T [T
Facility Facility |
configidebug data o -
South from programming unit » :|:|:|:|:|:|:|:| o ]
F——duta—]
Level 2: Tile Facility busy line from neigh bour T -
cluster at south port Ld A (Queuing output ports
(T()/From cluster router) __ congested line from nzlg)lhunr_’_ Channel congestion |
cluster at south port detector at north port | b piki € £VENE t0 tile Facility
from neighbour -
Neuron ||| Neuron T : >
cluster at south port Cluster
Facilii Facilii ‘ grant to neighbour address register
Neuron ty ty Neuron cluster at south port Input scheduler ‘rlin : =
ili o busy line to neighbour t north port uting engine for 7
Fﬂcl[lty I Fﬂf—'"’m’ ‘_ cluster at south port |  nortpe 0 external data 0 ;::;z:::c;::::elr
i i h port
r ( congested line to neighbour at north p.
Neuron Tile Neuron eluster at south part A A A ]
e e Er Sa=pr %
Facility Router Facility gE =888 &
il =
—L—'—I—i Crosshar switch
—dat:
Neuron I I Neuron _ spike event from » dnta B d ¥ a}
Facility Facility neighbour cluster at south port e
Neur()n Neumn Quzuing input ports Crosshar switch at north port virtual channels for
Facility | | F acility busy line from neighbour H ’ (N, E. 8, W, Tile facility) at north port
cluster at YA port ’ ]
__congested line from nzlghhuur_b Channel congestion | ] .
. age cluster at ¥th port detector at Xth port [ v .
Level 1: Neuron Facility T

(To/From tile router)

Neuron Node Neuron )
n Router 1
=
Neuron Neuron
3 2

rant from tile facility
< (1to4)

config / debug / spike event ’
to tile facility (1 to 4)

config/debug data

to tile facility(l to 4) ’

request from neighbour ’
cluster at YA port

( grant to neighbour

cluster at Yth port

( husy line to neighbour

cluster at Yeh nort

Input scheduler

address register

HRouting engine for Output/ Virtaal

‘ congested line to neighbour
cluster at YA port

spike event from

University of

ULSTER

neighbour cluster at ¥Yih port ,

ternal dat: <—’
at Xth port R externalcata channel allocator
at Xth port
2“ I
¥ g, il 285 ©
u 2 az'x & e ¥
$EZEEEE
2 | ¥

—dala}

data

]

{Jueuing input ports

T

4 »
data

Crosshar Switch at Xeh port virtual channels for

(N, E. 8, W, Tile facility) at Xth port

spike event to neighbour ’
cluster at north port

spike event to neighbour ,
cluster at east port

spike event to neighbour ’
cluster at south port

spike event to neighbour ,
cluster at west port
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On-chip Communication Protocols &
Free Look-up Table Approach

Lavout for the conficuration bank register

Neuron facility address register

Spike event timer register

Packet lavout

Packet lavout for the conficuration mode

| Header [47:44]]

Target address* [43:30]

| Configuration data [29:0] |

Address range [3:0] ‘ |

Scaling factor range [13:0]

Packet lavout for the debug mode

Communication protocol register

‘ IT CM/NB_MC/NB BC/DB [3:0] ‘ | Neurons position within node [9:0] |

Spike event reception register

| Header [47:44]| Debug information [43:14] |

Source address [13:0]

Packet lavout for the execution mode

Target neuron population register

| Header [47:44]|

Target address [43:14]

| Source address [13:0]

Target X-cluster addr [29:22]

Target Y-cluster addr [21:14]

Target tile addr [13:10]

Target node addr [9:0]

Target address field

Target X-cluster addr [43:36]

Target Y-cluster addr [35:28]

Target tile addr [27:24]

Target node addr [23:14]

NB_MC: neighbour multicast DB: debug
NB_BC: neighbour broadcast 1T _CM: internal communication

Source address field
| Node address [13:10] |

Neurons position within node [9:0] |

Header Information Value
Cluster address register 0x00h
input channel 1 Output channel 1 Tile address register 0x01h
AL L] — [ [ [T [ [ Node address register 0x02h
Input channel 2 \ / Output channel 2 Splke event timer 0X03h
AL LT TA S AA] | A & /i HEEEN Communication protocol register 0x04h
i : Spike event reception register 0x05h
nput channel N / Output channel N Target neuron population register 0x06h
| AT | AA] T T T [ Broadcast between all neighbour clusters 0x07h
Multicast between selected neighbour clusters opl 0x08h

Multicast between selected neighbour clusters op2 | 0x09h - 0x0Ch
Internal communication 0X0F

Debug mode 0x0Dh - 0xOEh

University of 26 NUI Galway
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On-chip Communication Protocols &
Free Look-up Table Approach

ON-CHIP COMMUNICATION REGISTERS

Component Memory Register Requirements |bit]
address comm Rx Tx timer total
Cluster router 16 NA NA NA NA 16
Tile router 20 NA NA NA NA 20
Node router - = 10 30 14 62
(1 cluster router) X (16 bits) *The implemented approach shows a
(4 tile routers) X (20 bits) very significant reduction in memory size.

(40 node routers) X (62 bits)

*Previous work shows memory
== 2.576Kbit (400 neurons) requirements in the order of Mbits !!

o
\I H
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Spike Event Compression Technique

M Otlvatlon : Input channel 1 Output channel 1
o AT T T — [T T T T
.SNN traffIC |S SIOW (ISI > 1mS) Input channel 2 \ outer / Output channel 2
=Irregular pattern E ;
*Polychronous Phenomena [Izhikevich’09 /
y [ ] T AT ] AAL T T

u(i.e. More than 1 spike arriving at the same time)

|- Scenario 1: without [ Scenario 2: with
A Ons compression approach | 400 ns Compression approach
) :\'gur“cc]][l*IIIIIIIII|IIIIIIIIII|IIIIIIIIIIllllllll*lI|IIII|IIIII|IIII|IIIII|IIII|IIIII
30 ns | 430 s
I,' f\'cu]’ﬂlcc]]zl L b g JJIIl+IIIIIJIIIllIIIIIJIIIlIIIIIIJIIII
5

&0 ns | 460 ns
Ncurﬂlcc]]:}l ||||||*|||I|||||||||||||||||||||||||||||||||||*|I|||||||||||||||||||||||||||

B 90 ns | 490 ns
Ncuralcc]]-l.l JIIllJJII*IJIII[JJIIlIJIIllJJIIlIJIIllJJIIlIJIIlI&IIIlIJIIlIJIIIlIIIIIIJIIII
120 ns | 520 ns

|
|
|
|
|

I|| XEU]’H'{‘C]]S' IIIIIIIIIIII+IIIIIIIIIIIIIIIIIIIIIlIIlIIIIIIIIIIIIII+IIIIIIIIIIIIIIIIIIIIIII

2 |
|
|
|
|
|
|

0 [ 2 150 ns | 550 ns

Ncuralcc]]ﬁl JIIllJJIIlIJIIl*JJIIlIJIIllJJIIlIHIllJJIIlIIIIIIJIIIlI*IIIIJIIIlIIIIIIJIIII

- 180 ns | 580 ns
Ncurﬂ|cc]]'f| IIIIIIIIIIIIIIIIII*IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII+IIIIIIIIIIIIIIIII
210 ns | 610 ns
:\'cura“c]]gl Jlmu||umlm||l*mlm||mm!u||1||||||J|||1||||||J*||1||||||J||||

) — 'llz 240ns | 640 ns

f\'gurﬂ|cc]]9| IIIIIIIIIIIIIIIIIIIIIIII*IIIIIIIIIlII!IIIIIIIIIIIIIIIIIIIIIIIIII*IIIIIIIIIII

D 270 ns | 670 ns
Ncuralccllltlll ||||||||||||||||||||||||||A||||||1||||||||||||||||||||||||||||||||*||||||||
20 ns 80 ns 140 ns 200 ns 26{ ns l 690 ns

S 0 oupucrort | ST T I T Tl B

I i (to tile facility) | 3Uns 110ns 170 ns 230 ns 290 ns ' L
iversity of - :
University 78 NUI Galway

ULSTER - f OE Gaillimh
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Experimental Setup

Methodology:
=VHDL Simulation of up to 50 x 50 array of clusters cluster f«—— cluster | cluster
[1,3] \[2,3] 13,3]
: AN AN ,
"FPGA implementation of a 3x3 proof of concept
array of clusters > .---[.—.‘.’7 ..... e
cluster cluster cluster
[1,2] [2,2] [3,2]
=»100MHz clock frequency per cluster & a 48-bits =@djec==s o ----X-;»
packet | | |
1
cluster |« »| cluster |« »| cluster
=65-nm CMOS technology (estimated) [1.1] NG 31
1 1
r % ‘ %
Spike A Spike g
Generator e Counter Cf,@ seeeessees-
(SG) & l(sc) s

Packet

Decoder
and
Encoder

Configuration
Interface (APIs)

Configuration
Interface (APis)
E

Packet
Decoder Spike
and Generator
Encoder
8 | lnhiaretiviint i _
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Traffic Load Analysis

¥ ¥ ¥

Cluster Cluster Cluster
R Facility - I Facility - Facility SR
X w1 K2,
, . (x0, y0) (x1, y0) (x2. y0) , .
Level 3: Cluster Facility E FY F i Level 3: Cluster Facility
- North H North
Tile I Tile H i - Tile Tile
Facility Facility Third Level Facility Facility Third Level
Top) T

West Cluster East fop West Cluster East ep)

Router 4 ( Router

Tile Tile N >< t Tile Tile

Facility I Facility C }3 Facility I Facility

South X N South

Level 2: Tile Facility c= Hp g - Hp a Level 2: Tile Facility
(To/From cluster router) (To/From cluster router)
Neuron ||| Neuron r I k I Neuron ||| Neuron
a2, o ! L4 T o

Neuron Facility @ Neuron }II . 1 2 c oc Cyc es Neuron Facility Facility Neuron
Facility Facility Second Level Facility I Facility 'Second Level

Neuron Tile Neuron 7~ (Intermediate) Neuron Tile Neuron ¥ (Intermediate)

Facility Router Facility A Facility Router Facility A

Neuron Neuron Neuron Neuron

E e H Faciliyy Neuron || Neuron Facility
The total packet tion delay:
raciy || Faciy e total packet propagation delay:

Level 1: Neuron Facility Level 1: Neuron Facility

(To/From tile router) — (To/From tile router)
[Nel:'ron] RT;:; H‘ 5 o Tup + Tdﬂ W _I_ (NC >< th ) (Nel:'mn) RT;::'_ ‘_.

\ \

Neuron Neuron First Level Netivon Nearon First Level
(Bottom) 3 2 (Bottom)

T, :24 clock cycles T4:30cc
I =7 +lt x(n —l)J . I, =71 +[t x(n —l)J
“p “ “ PE [,, :12 clock cycles down d d pa [g :1cc
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Traffic Load Analysis for Large Scale Scenarios

Typical biological spiking neurons show a firing rate

around 100 Hz, but some others can show a firing
rate up to 1KHz.

A maximum firing rate of ~5 MHz for a
10 hop scenario is highlighted using the
compression approach.

This offers a ~3.3x improvement compared to the
same scenario
without the compression technique.

In the 50 hop scenario, although the firing rate can

decrease to 172 KHz when the compression
technique is not used,

From a hardware point of view, if higher firing
frequencies can be achieved, the platform can be
used as a neural network hardware accelerator.

University of

ULSTER
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B with compression (@ 10% ®no compression (@ 10% B8 with compression (@ 50%

M no compression @ 50% ® with compression (@ 100% ® no compression @ 100%
5.0E+06
4.0E+06

<

5 3.0E+06

<

~

£ 2.0E+06

=

1.0E+06

0.0E+00 -

10x10(10)  20x20(20)  30x30(30)  40x40(40) 50x50(50)
Array Size (number of hops)

|- Scenario 1: without Scenario 2: with
Ons compression approach | 400 ns compression approach |
\wrmm“l|fl\ll||H||||\||||H||||\|||||\||||\||||+\||||\|||||\||||\|||||\||||\|||||\| |
30 s | 430 15

‘\gurmcc]]zl JI\*ljl\HIJI\llJl\\lIJI\llJlI\lIJI\l|JJI\lfll\IIJIIHIII\IIJIIHIII\IIJII\I
60 ns [ 460 ns |

\Euralccllsl ||\|||+H|I||\||||H|I||\|||||\|I||\|||||\|I||*|I|||\|I||\|I|||\|I||\|I|||\|
90 ns | 490 ns |

\gura|m||4| JI\llJH\*IJI\llJl\HIJI\llJlI\llJHlIJJIHIJI\lIfJI\lIJI\lIJIIHIII\IIJII\I
120 ns | 520 ns |

\Euralccllsl ||\||||H|I|+\||||H||||\|||||\|||I\|I|||\||||\|||||+|I||\|I|||\||||\|||||\|
150 ns | 550 ns |

\curalcc]]ﬁl JI\llJlHlIJIH{JHHIJI\llJII\lIJHlIJJIHIII\IIJIIHlfIHIJ_IIHIIIHIJIIH
180 ns [ 580 ns |

\curalccll?l II\IIIIHIIII\IIII*\IIII\IIIII\IIIHIIIII\IlII\IIIII\IlII\?IIII\IIII\IIIII\I
210 ns I 610 ns |

\gur,ﬂcc]]gl JI\llJlHIIJI\llJl\\I*JI\llJII\lIJI\lIJJI\llII\IIJIIHIII\IIJfIHIIIHIJIHI
240 ns I 640 ns |

\Euralccllgl ||\||||H|l||\||||H|l||+|||||\|l|l\|||||\|l||\|||||\|l||\|||||\*lll\lllll\l
70 ms | 00 |

'\cura]cclllt!l ||\||||H||||\||||\\||||\||f||\|||1\|!|||\||||\|||||\||||\|||||\|||f|u|||\|
20ns 80 ns 140 ns 200 ns 260 n: 690 ns |
Qutput Port |IITIITI\TIITI\TIITHTIIT\ITIIT\IIII\I |||\||||\|||||\||||\|||||\||||\T\||||| |

(to tile facility) |_ 50ns [10ns 170 ns 230 ns 290 ns
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Adaptive Router Validation on FPGA

------ No traffic congestion === Faulty/congested link
huieiaie R H
Cluster : Cluster E
° \|z,3| ; X \|3,3] E
; , 100.00% -
; : o 80.00% -
: ; i £
S S N TEES £ 60.00% -
H : ! - :
; ; K S 40.00% -
X XS g e :
E AN : AN : 20.00% - 3
: ; ; 0.00% -
5 —
E Cluster |, ,| Cluster Cluster . . .
NG 21 &Y XY routing algorithm is used as a
. > default routing mechanism when
there is no traffic congestion
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Throughput and Synthesis Results

Area/power performance of router (65nm)

=#- with compression =®=withoutcompression

Component Area [mm’] Power [mW] 339 ¥ s
='3.05 7
Comb seq total | dynmamic static  total ;E 255 : J’
o =
Cluster 0139 0445 0.587 | 10.62 254 13.16 %“0- l'.
Cluster router | 0.005 0017 0.022 | 110 009 119 -l e
=1.05 — i
Tile router 0.055 0015  0.070 3.86 0.27 4.13 50‘55 '_0_‘_,*__....——0--0 .
Node router 0.002 0005  0.007 0.41 0.03 0.44 P e ———____—— ——
01 02 03 04 05 06 07 08 09] 1.0

Ofered Traffic in Terms of Neuron Activity [%]

Power Consumption vs. Offered Traffic (65nm) Increased throughput under load testing

B noderouters Mtileroutesr M cluster router
_ 14
E 12 Project Quality of Congestion Throughput
10 Reference Service (Q0S) Mechanism [Events/s] Improvement
E‘ 8 EMBRACE Best Effort Yes 3.33x10° —=
E 6 -: — FACETS Best/Guaranteed Effort No 1.50x10° 2.2x
S 4 —— SpiNNaker Best Effort No 0.200x10° 16.5x
: 2 4H7 -
< : /
10% 50% 100%
Offered Trafficin Term of Neuron Activity (%) Proposed router outperforms existing approaches
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* Performance Analysis
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Take-home Message & Future Work

> There are many problems associated with the development of
efficient large scale SNN platform in hardware.

» A H-NoC approach is proposed as a way to overcome the
intercommunication constrains currently experienced in the efficient
realisation of SNNs in hardware.

» Future Work: Real-life SNN applications & Self-repair
Mechanism based on the information received from the adaptive routing
algorithm.

2 wl‘\ ' NUI Galway
18]l Ut sTer 5 A2 EER



University of

ULSTER

Acknowledgments

Snaider Carrillo Lindado is supported by
a Vice-Chancellor’s Research Scholarship (VCRS)
from the University of Ulster

37

NUI Galway

OE Gaillimh



Thanks for your attention
Any question/feedback welcome

Snaider Carrillo
Email: carrillo _lindado-s@email.ulster.ac.uk

http://isrc.ulster.ac.uk/Statt/SCarrillo/Contact.html
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