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* Building rat-brain-sized networks in 20 seconds Improved Memory Allocation
( ~20 x faster than before )

= more com prehensive in silico experiments n Fig. 3 we show that most time is spent in thread-parallel allocation of memory for the

. ' , objects. Optimized thread-aware memory

» Scalable construction of neuronal networks from single \ m allocators (tcmalloc [8], jemalloc [5], TBB [4],
compute node simulations to supercomputer simulations. e % \ ptmalloc3 [6], ...) have thread-private heaps

-

-
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= better usage of available supercomputer resources

comic illustrates the different memory
I| allocation strategies. Fig. 4 shows the

IntrOd UCtlon performance of different allocators supporting

consurmers wait in a line MEMORY ch the network construction.

With the neural simulator NEST [1] biological neuronal networks can be simulated and %&5%@/%
researched. Being a hybrid OpenMP and MPI parallel application, NEST is already

%ﬁ ) and cache small objects on each thread. The

capable of simulating neuronal networks of spiking point neurons of the size of ~1% of T 102 — | | | | | | 16
the human brain [7]. To further investigate the brain, more complex and larger networks e e o 11 | MPi/glibe ”
: : o | ; ; OpenMP/glib ;
will become necessary. NEST’s data structures [2] enable efficient storage of those each consumer has & separate plate and \ H OEZEMPjgt'm‘;”OC?)
networks. We present our ongoing work to provide efficient and scalable algorithms to —=5 N\ T OpenMP/jemalloc R e
- E E E E
construct the networks. \ & waltress makes sure that | z | OpenMP/tcmalloc ; 1
—— . alpet e " | = OpenMP/tbb ' ' 0 =
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Future computer architectures increase the number of cores on single compute nodes to \% Sﬁa@:a =0 = | -
keep the energy consumption at a reasonable level, while increasing compute =E . | -
capabilities. Using purely MPIl-based parallelization on such systems entails a huge gﬁaﬁ// U
overhead, which makes the use of efficient methods for node-based parallelism Perb =SS
essential. However, previous implementations of a parallelized network setup did not . : : : : : : : :
| Il wh ing OpenMP (Fig. 1 . III| 10° — e D)
scale well when using OpenMP (Fig. 1). 0 6 12 18 24 30 36 42 48
Threads
70 Slngle Compute Node erlng Time Fig. 4: Comparing wiring time using different memory allocators. Continuous curves show the network construction
= MP ’ time (left axis) and the bars show the memory consumption (right axis). Scalable performance for threads is

achieved at the expense of larger memory consumption, which is still considerably smaller than the memory
consumption of MPI.

Fig. 1: Constructing a random balanced network [3]

with 25.000 point neurons and ~62.5 x 10° synapses Large—scale SimUIationS

(mean and std. deviation of 5 samples, NEST 2.6.0,
AMD Opteron 6174, 48 cores, 2.2 GHz). The

construction with pure MPI shows scaling, while In simulations large enough to exploit the entire JUQUEEN supercomputer [7] other
gggﬁ;;“gte'igng’ghthf:ggsOpe”MP basically shows no effects dampen the wiring performance. Neurons are distributed among the compute
nodes in a round robin fashion. When executing the FixedIndegree algorithm from Fig. 3,
only now and then there is a local target neuron (every 30k up to every 2000k neuron is
| | ; ; ; . ; ; local): most of the time, there is no local target and no connections are created. Fig. 5 to
0 6 12 18 24 30 36 42 48 7 show the impact of an improved iteration scheme and the use of optimized memory
Threads allocators when constructing a random balanced neuronal network [3] with ~200 x 108

point neurons and ~2.25 x 1072 synapses (about the size of a rat brain).

NetWO rk Setup in N EST Fig. 5: Wiring performance of ‘vanilla’ NEST 2.6.0. The 1200

color codes are the same as explained in Fig. 3. There is
no scaling beyond 16 threads. Further two gaps can be 1000}

Complete Construction

H
= FixedIndegree
H

Node* target = get_node(i);

The networks in NEST consists of nodes (neurons and devices for stimulating and observed, which are caused by idling in the connection Connect

recording from the neurons) and connections that allow the communication between algorithms: sooll o ldseet

nodes. As the number of connections is about 10% times the number of neurons in (O (sizet Antargetfrom; 1 <= target-to; 1t e

biological neuronal networks, their creation takes up the largest part of the setup time. To // This is true for neurons on remote processes = 600 — o — Lo e S R :
: : : if ( lis_local_gid(i) ) B~ g - g ; | g g

understand the runtime behavior, we need to look at the data structures and algorithms continue; | , o

for the creation of connections. WO

tor all threads ) // Check, if target is on our thread 2001 N e S """"""" R """"""" """"" """""""
if (target->get_thread() != tid) : : i : : :
tid e continue; 0 : ; : 5 ; 5
0 8 16 24 32 40 48 56 64
) — // select random sources & do the connecting Threads ( x 28.672 MPI ranks)
case 0: no targets => 0 in bitmask 1 Bit }
Fig. 2: NEST’s connection infrastructure [2] is optimized
: Commcto s Sty K K connections for large scale simulations, where a source neuron only Fig. 6: Wiring performance of modified NEST 2.6.0. The 1200 ; i ; ; ! ! !
A(T : connections of one type has a few local target neurons. For smaller scale color codes are the same as explained in Fig. 3. After : | Complete Construction
5 —— S|ml:I§1t|ons the data structures evolve into more general iterating local targets only, performance increases 1000 S S - ":: Fixedindegree
3 © case 2: K >= K ioff % containers. : : : : - : 1 : Connect
% - Connectorwnhcgsector K connections conS|d.ereTny. Scaling is again limited by memory | | | celoct
O ’g holding connections of + overhead aIIocat.lon. . 800l . — i - T I S S
§ @ one type for (size_t k = 0; k < local_nodes_.size(); ++k) ; ! ; ! | | |
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S case 3: different types of connection Nodex target = local_nodes_.get_node_by_index(k); @ 600LY TUUUTR SRR U S SRR
Connector holding hom. Connectors mOSt_ size_t 1 = target->get_gid(); M~ ! !
expensive : : :
if (!(target_from <= i && i <= target_to)) 4004 SR SR SRSRSUTOE SETUUOSON DU SR
continue; 5 : :
// Check, if target is on our thread 200} ! !
([ - h 70 | | | | | | | | if (target->get_thread() != tid) | :
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S ves Fig. 7: Comparing wiring performance of large-scale 10 5 ! - oio Gmal
S - pmv— A ; ; : : : : : simulations: vanilla NEST (dark blue), modified NEST | 5 | 2.6.0
D hga (green) and modified NEST with specialized allocators (red | 1 localiteration|
o) rrtgid SR for tcmalloc, yellow for jemalloc). Using the alternative ' ! +iemalloc '
CIEJ ,. : : : : : : : iteration schema and specialized allocators allow almost 103 ko o ! +temalloc
Q " checkfor svtapaes/mitiaptesy - - perfect linear scaling. ' :
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% [ single_connect(sgid, tgid, target_thread, rng) J 10_ """""" """"""" """"""" """"""" """"""" _ \F‘/ |
E ; i i i i i | i i Constructing random balanced networks [3] with ~200 x : :
j= . 0 | i | j i i | i 6 - 12 Y N ST b
S \ J 0 6 12 18 24 30 36 42 48 108 point neurons and ~2.25 x 10'2 synapses (mean and 10° | 5 :
T Threads std. deviation of 3 samples, NEST 2.6.0, performed on o '
o JUQUEEN supercomputer in the FZ Jllich (28.672 x IBM ! !
O Fig. 3: Inspecting the thread-parallel construction phase. The FixedIndegree connecting algorithm (sketched on the PowerPC A2, 1.6 GHz, 16 GB RAM, 16 cores per node ! :
B left) dominates the construction phase. Within FixedIndegree, most time is spend in the single_connect part, which with up to 4 hardware threads per core)). 10 - Y S
§3 allocates memory for the connection objects. The colors in the figure correspond to the colors in the algorithm. 10° 10 10°
S Threads ( x 28.672 MPI ranks)
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