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The NEST 4g kernel:

highly scalable simulation code from
laptops to supercomputers

Susanne Kunkel
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Model of the memory usage of NEST

= describes the memory usage per MPI process

M(Ma TaNaK) :MO (M) ‘I'Mn (M,N)
—I_MC(M) T)NJK)

+ T (N = N) i

+ Ky me
Kunkel et al. (2012)
M total number of MPI processes Meeting the memory
T number of threads per MPI process challenges of brain-scale
N total number of neurons network simulation.
K number of incoming connections per neuron Front. Neuroinform. 5:35.
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3'd generation simulation kernel

(released with NEST 2.2 in December 2012)

o 8 [ ! l ] _
up to 10° neurons on K (and Y IS g 16 B
JUQUEEN) - o---o-==8:'--0---0--_.o-'-“-'2-a-'8':8_’_-O ?

e L& 112 ©
® 7 5
" 11,250 synapses per neuron 2100 ¢ e &
= ; ey 18 2
(exc-exc STDP) [ >
10° fF X {4 =
= using up to M=196,608 i £

compute nodes and T=8 10° — ' '
threads per node

= 8 GB of memory per node

Helias et al. (2012) Supercomputers ready for use as discovery
machines for neuroscience. Front. Neuroinform. 6:26.
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Previous connection infrastructure (39)

"= required on each process

neurons with
local targets

1 -»-»|:|EEEEEE
° Seames used synapse types
: P ssauss of this source neuron
Nerrg] ©®
\D::::::

sparse table

_ local synapses
Inner data of this type

structure
m-
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3'd generation simulation kernel

Analysis of contributions to total memory usage

= in the regime of 10k processes and beyond the inner data structure
causes severe overhead

—_
(o))

RN
N

inner data
structure

4 synapses sparse table

memory usage [GB]
(00]
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Previous connection infrastructure (39)

= on supercomputers either no local targets or only few

neurons with
local targets

1 ,_>|:|555555
° Seames used synapse types
: P ssauss of this source neuron
Nerrg] ©®
\D::::::

sparse table

_ local synapses
Inner data of this type

structure
m-
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3'd generation simulation kernel

Analysis of contributions to total memory usage
= adapt the model to account for short target lists

= potential solution: low-overhead data structure on supercomputers

L —
= more than
©. 1 one synapse
S only one stored
P synapse
; stored
g synapses sparse table

g )

5 £
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neurons with

1[e}—> |iiiiif  local targets
HHH Ko
local synapses

n [ ]
8 E\: case 1 of a single type

= Kcutoﬂ"
local synapses
of a single type

case 3

used synapse types
of this source neuron

case 2

. . local synapses

of this type
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New adaptive connection infrastructure (49)

low overhead per
synapse on
supercomputers

full flexibility on
laptops and
moderately
sized clusters

10
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New adaptive connection infrastructure (49)

ConnectorModel
{abstract}

set _syn id(syn id:synindex)

add connection(tgt:Node&, src:Nodeg,
conn:ConnectorBase*,
syn_id:synindex)
:ConnectorBase*

N

GenericConnectorModel leocoso==o

-cp:ConnectionT: :CommonPropertiesType
-default_connection:ConnectionT

28/01/2014 Code Jam

1
1 ConnectionT

ConnectorBase
{abstract}

send(Event& e, thread t,

std: :vector<ConnectorModel*>& cm)
get _syn id():synindex
homogeneous_model () :bool

A
1
1
1
1
r- - - - °° T : P~
- i ConnectionT 1 i
vector_like R -1 ! std::vector - -
{abstract} ]
, push_back(val:T&)
push_back(ConnectionT& c) ! N
:ConnectorBaseé& ! '
JAN ' ; «bind»
X ———— e e , | <ConnectorBase*>
' : K:int 1 X '
: i ConnectionT : : .
HomConnector ---------- - HetConnector

—-ConnectionT c[K]
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4th generation simulation kernel

" new adaptive connection infrastructure which causes only
low overhead in the case of short target lists

= reduced memory usage of synapses
* e.g. removed vtable pointer
°* No compromise on precision of synaptic state variables

= SparseNodeArray replaces sparse table in neuronal
Infrastructure

* memory overhead only per local neuron
* exploits round-robin distribution of neurons

* enables fast access to neuron model info during setup

Kunkel et al. Spiking network simulation
28/01/2014 Code Jam code for petascale computers (in prep) 12
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Comparison of 4g to 3g kernel

= simulation of same network f0f b Al 16 D
. g okl O A
using 3g and 4g kernel : o-.o==e::-8--o:_;_gf;g,ﬁ%.g__o %
510" B 4 ‘—::#"_ 12 %
g L T Y
Z . [ .‘a d-;'—'"‘ “‘x.\ 418 %
- & T

Reduced memory usage 10° ¢ ong {4 E
: . i £

= in all regimes of number of 10° 'q’ '% ' ' " ~

processes oV g " 10 \9660

MT

= especially in the regime of 10k
processes and beyond

(less than 1/3 at 100,000 cores)

28/01/2014 Code Jam 13
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Comparison of 4g to 3g kernel

_ 10° f P ;
Reduced setup time —~ | o Creeg :
D - AR
= optimization of wiring routines &é 102 | BT e ety o oy
_ g
= faster memory allocation
using dedicated pool allocator ot L . | | .
- . . 103 3 o-0="0 3
Reduced simulation time ¢ IR g
] ] ) = [ g e -:;5.:‘:_—'_"2""','3'9"' " 'i’ i o .
" smaller objects in connection  : 102 b |
Infrastructure enable more =
efficient use of cache
101 |(L |D‘ l = l " | 1.7,
S NP 1 S
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Maximum network size
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= up to 5.73x108 neurons on 100 b ‘H.A
229,376 cores of JUQUEEN o LaE
10° Frommmmmmmmmmm e e
% F ok
" upto 1.27x10° neurons on I . SRR
663,552 cores of K -
10° F
" 11,250 synapses per neuron ;
5 | I I I 1 |
(exc-exc STDP) 10 " o
N O i 1O N 6566’?«

= largest general network simulation performed on K in July 2013

(1.73x10° neurons, 6000 synapses per neuron)

28/01/2014 Code Jam 15
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Runtime for a simulation of 1s

= petween 8 and 41 min on N T S § Y
107 F k™10
JUQUEEN i ey | .
107 o ek 110
" petween 6 and 42 min on : K 1 .
2 07 [T 410

the K computer -
6 ;_ & ':'::&-. - _::l 3
) 107 E $::0.:g:-0- 83 $ 110

= setting up the network took p 87708 :
. 5 | ] ] | | ] 2
between 3 and 15 min 10 0

6\'2, "),Qb'% %,\Q{L rﬁe,% ,\Qfﬂ %65'1

= largest general network simulation performed on K in July 2013

(1.73x10° neurons, 6000 synapses per neuron) = 56 min in total

28/01/2014 Code Jam 16
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Power consumption

= JUQUEEN requires per
rack max. 100 kwW

= full K computer requires
max. 9.89 MW
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Power consumption
. . T T T T ]

" simulations on JUQUEEN 109 boomeo ‘“..j 108

consumed 2714 kWh 2 aE | .
107 o ek 1107 &
= simulations on K consumed ZE el *z __________________ : IV
25,408 kWh P P R

10° F gurenigro-a-a:8 88 07 110°

= largest general network simulation performed on K in July 2013
(1.73x10° neurons, 6000 synapses per neuron) = 9253 kWh

28/01/2014 Code Jam 18
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Power consumption
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Power consumption

Julich in the dark

for 41 hours

= largest general network simulation performed on K in July 2013

(1.73x10° neurons, 6000 synapses per neuron) = 14 hours
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Comparison of 4g to 3g kernel

48 on TR L L

36

24

memory usage [GB]

haft

10° 10° 10% 10°
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3'd generation simulation kernel

Setup times [ | ' ‘ ]
: 10° F O ===0~~_ E
" petween 4.5 and 13.5 min _ : _8:::g=—” g :
on JUQUEEN I e
£ 102 i
= between 3.5 and 13.9 min ~ 10
on the K computer
101 I l l |
Simulation times (for 1s) 10° o0
" between 6.5 and 14.7 min O G _
on JUQUEEN 7 10?2 | ;
" between 3.6 and 9.3 min on _
the K computer 10" b— . . l .
2 L ® 2
SN NI \(b,\g'\
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