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Abstract With the emergence of petaflops (10" FLOPS) systems, numerical simulation has entered a
new era—a times opening a possibility of using 10" to 10° processor cores in one single run of parallel
computing. In order to take full advantages of the powerfulness of the petaflops and post-petaflops
supercomputing infrastructures, two aspects of grand challenges including the scalability and the fault
tolerance must be addressed in a domain application. petaPar is a highly scalable and fault tolerant
meshfree/particle simulation code dedicated to petascale computing. Two popular particle methods,
smoothed particle hydrodynamics (SPH) and material point method (MPM), are implemented in a
unified object-oriented framework. The parallelization of both SPH and MPM consistently starts from
the domain decomposition of a regular background grid. The scalability of the code is assured by fully
overlapping the inter-MPI process communication with computation and a dynamic load balance
strategy. petaPar supports both flat MPI and MPI+ Pthreads hierarchial parallelization. Application-
specific lightweight checkpointing is used in petaPar to deal with the issue of fault tolerance. petaPar
is designed to be able to automatically self-restart from any number of MPI processes, allow a dynamic
change of computing resources arisen in a scenario of, for example, nodal failure and connection
timeout etc. Experiments are performed on the Titan petaflops supercomputer. It is shown that
petaPar linearly scales up to 2. 6 X 10° CPU cores with the excellent parallel efficiency of 100% and
96 % for the multithreaded SPH and the multithreaded MPM, respectively, and the performance of
the multithreaded SPH is improved by up to 30% compared with the flat MPI implementation.

Key words petascale computing; meshless/particle simulation; high scalable; fault tolerance; MPI+

Pthreads; dynamic load balancing
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Fig. 3 Results of MPM overlapping.
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SPH %ﬁ%%ﬂ]iﬁ@%ﬂﬂ Kl 4 fF /s, SPH A X F
MPM {5 5 8K, Hod {7 1H 55 K T MPM. Patch

RSFAE 16 X16 X 16 B} SPH #3580 i} ] A RE 5 4 &
B AR s B Patch 5y ROSF 38 R 3 545 i ) 1 5d
75 IRF B 494 4 o L3 5 I ) 384 0 5002 5 24 Pateh B R
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Fig. 4 Results of SPH overlapping.
4 SPH 8 & Bl 5508

7.2 BEH[FEBENR
DU AT R A 48] B A HE A 32 X 32X 32 4™ Patch,

i af Patch #8743 i 31 128 AL, 75 g J= 10 i
PRS- I 1R 1. 05. BLAY Patch [] 75 5 405 422 56 R 5k
JE 79T 816, T AR 7] T TV 38 £ O R AUy 4 688, 3k
TR M5 B R A Patch 4B 28010 0. 6%, UL
W ERC A0 1) Jm 0 1 A G S 481 A BA 1 PIAT I ) 24
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7.3 AREMEXE

petaPar £ 4t 19 5 A 45 fJ2 ] DU 76 2 7
B S T VB S R 3 @ A1 0 N B 8
BRI 52 T K e AT, T AR 4 97 GV R AT I i
X H A R R 5 o MPT gE R i A R S Xk ik
Pl M R

D R HI B getrl. getrl 753 )3 Shit 5
M derd AT S derd #8 5 getr] 2.

getrl-f ~/restart/host

B A i R

derd connect: host=blade01,cores=12

derd connect:host=blade02,cores=12

derd connect: host=blade04,cores=12

derd connect:host=blade03,cores=12

2) B E T B getrl_cemd ] getrl 3 M5 H
¥ S i 4

getrl _cmd-f. [restart

getrl FEWar 2 IF $E s

restart command:

/home/lils/petaPar: ~/mpich/bin/mpiexec ::/
home/lils/petaPar/petaPar mpm. /input. ict. /input

3) J33h petaPar. petaPar i i3 ¥ ] libder JE iR
Kim derd I FR Y derd 8 petaPar 1915 & 58
A getel BRI 2 A1 B AT

J& 35 petaPar(MPM %.1%) .

nohup mpiexec-f host-np 16. /petaPar mpm. /
input. ict&

getrl $2IR

app connect:petalPar

app host:nth=0,host=blade01

app host:nth=1,host=blade02

4) FIrp ik petaPar, B4PLN HI L 7 (9 & b &
1k it getrl Wil 2 petaPar i 28 1k . K J #3 45 &
Ji 2l SR Sy VS ] BT A RT TS R A ST
Bl U B2 2R 40T LAY X I S 2Lk 15 O

71 ]k petaPar:

killall petaPar
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getrl H B IATHE JE 5

broadcast to kill app processes

restart app now

restart: cd/home/lils/petaPar &.&. nohup ~/
mpich/bin/mpiexec-f/tmp/. dcrd3. hosts-np 48/home/
lils/petaPar/petaPar mpm input, ict

input 2> &.1>>/dev/null &

app connect: petaPar

app host:nth=1,host=blade02

app host:nth=3,host=blade03

app host:nth=0,host=blade01

app host:nth=2,host=blade04

5) Wik — A1 S derd, BB AT S 0 5k
R getrl WM 8 derd 2R 25 % 4 L A0 TR 42 1 3y
MR Bl petaPar. B, getrl ] 3 4S5 53 36 4%
)3 3.

F1 1k derd:

killall derd

getrl $/R {36 AT T HEh&EJE 5

blade01 loss connection

broadcast to kill app process

restart app now

restart: cd/home/lils/petaPar & & nohup ~/
mpich/bin/mpiexec-f/tmp/. dcrd3. hosts-np 36/home/
lils/petaPar/petaPar mpm input. ict input 2 > &.1
>>/dev/null&.

app connect; petaPar

app host:nth=1,host=blade03

app host:nth=3,host=blade04

app host:nth=2,host=blade02

6) BT A Bh1 AY derd  BEAELAT B AG T B Y
JAL I derd 238 0 getrl A7 55 BT BE IR A
IRJE HHT A Bl petaPar, LU 3

HFT A 3 derd, I & 35 EF 3 petaPar fir 4> .

derd-g blade01

gctrl_cmd-r petaPar

restart command for petaPar
getrl $E R T T 4 AT i 3k 48 kAT T E

il
o

derd connect: host=blade01,cores=12

broadcast to kill app processes

restart app now

restart: cd/home/lils/petaPar & & nohup ~/
mpich/bin/mpiexec-f/tmp/. dcrd3. hosts-np 48/home/

lils/petaPar/petaPar mpm input. ict input 2 > &.1
>>/dev/null&.

app connect; petaPar

app host:nth=1,host=blade02

app host:nth=3,host=blade01

app host:nth=2,host=blade03

app host:nth=0,host=blade04

AR, petaPar iz 17 3 2352 8 o] HIHE
BE RS A I 52 B TSR RT LAAE TS A B SF R TSN L
T IR B F A o W AT AT S AT A A A
7.4 WRMESIE

oY fE Titan £ 58 G, 781200 B0 T AR AT S 1%
FG0 0 T B e w4 PR 88 A B £ 1) 5
PL. AT I, Titan 28 RGP A 8972 4> CPU
A 9716 A CPU+GPU 5 . 415 5 0 16 #%
CPU, PAAE—F N AE Vi1 (non-uniform memory access
architecture, NUMA) 28 ¥ 2H 21, & 4~ NUMA £
8 MZL BT A 32 GB NAE, T s H] Cray
N E)E i 3D Torus #i b i 2 B 2% 3% 4. |1 T
Titan IE#F @ % 1, petaPar fix £ i f 16 384 A5
JLRD 262144 4~ CPU Y.

TR 2 AW g 00 48, W A fih T
T B A AR AL B 85 2R, Cell Al Patch
BeE gk 1. Kb, 262 144 R A, 34> b JA% 1%
B BT THE 1A Patch, X AR B 092 DR 7
TERERVE G B /N R O T 2 5 A IR EF A s T 97
PE. IFAT R P A0 R A S /IS B BOHE B B 1 i )
JE A 25 AT D7 S S R K I JHG i 3 AR 2
LB/

Table 1 Configuration of Model

x1 EBERE
Items Configurations
Particle 8589934592
Cell 10241024 X 1024
Particle per Cell 2X2X2
Patch 64 X64X64
Cell per Patch 16 X16X16

AT M S 43 i AF X 8 192,16 384,32 768,
65536, 131 072 Fl 262 144 #%. 5% 0] 9™ J& o il £ 40
K 5 E 6 FF 7. SPH I MPM iy 4fi MPI hif 4%,
262 144 KUBEAA b 8 192 A% 47 8 R 43 ik 31 87 %
1 89%. MPI+ Pthreads £ £ 2 i A& SPH #1 MPM
1) AT RCR Ay H3E 3] 100% F1 96 %. Horb, SPH (1)
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Fig. 5 The strong scalability and the performance
improvement of SPH.
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Fig. 6 The strong scalability and the performance
improvement of MPM.
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