2015

High Performance Computing Symposium 2015

BB S S Z AW HREEEERICEK S
HARY Y3y - 7O0—DKRE GPU 5tE

R ORI K 221

BE YAV Y ay - 70— 3 S 8omkz e, ARG SN 2 84 2N Th 5.
BRI X BETEZ1T 9 2D IR Z /NS R TFOEATREAL, WERMOEIICIZEREFEE (DEM) %
A, GRS R SPH %28 AT %, MR IR 52722 2 MR O RERUR - [ECHH AL
ERT 2. Z2N6DZT 2L MLy 2A&R L TEOES RO %2179 25, LEORBRT
6 OMHEIREZ M) 72 DICERIZ» R DEMIC R 5. GPU I X 2E1MEIZE W T Linked-list & W 723567
PWTHROT—8 7 7 A& EdbT 272012, EWNZG GPUDTNA A« X®Y) LOKTT—5DY —
FEITH D EERMER L. £, E LT ORAGEEET IR, VAR L T CUDA DAL v
FiiF %479 HEDEGETH 2 L b o, HEGPUZHVELDICATIARTY v FIRIC X 28)
MREIR 2 1T\, 256 ffild GPU I & 1 8,743 JifH OFfER+ & 230 T OWEREEK+ (k& L TiZ
2304 i) ZH Y ARV ay s 70 —DKRBIFY T AL —va VvEEBL L,

F—T— R D RA-REEEREE, AT, BINAMOE, GPU 2 Ea—T 4 v

interactions with Dynamic Load Balance on a GPU Supercomputer
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Tsuzukr SATORI Aoki1 TAKAYUKI

Abstract: Suspension flows including fluid-structure interactions is one of challenging topics in fluid dynamics and
many engineering applications. A large-scale particle-based method is a promising approach to carry out the numerical
simulation for suspension flows. We have proposed an effective combination of the SPH method for fluids with the
DEM (Discrete Element Method) collision for objects on a multi-GPU system. It is found that the sorting of parti-
cle data for the neighboring particle list using linked-list method improves the memory access greatly with a certain
interval. We compare the two GPU implementations for the reduction of forces and torques applied to the particles
constructing the objects. It is successful to apply the dynamic domain decomposition based on the 2-dimensional
slice-grid method to our suspension flow simulation on multi-GPUs. A large-scale suspension flow of a tsunami inter-
acting with a lot of objects with 8§7.3M particles including 2,304 cubic-shaped objects are successfully carried out on
TSUBAME 2.5 at Tokyo Institute of Technology. The weak scalability is also measured from 4 GPUs to 256 GPUs.
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Fig. 1 The kinds of particles to compute fluid-structure interaction sim-

ulations using particle-based method.
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Fig.2 The sorting of particle data by cell ID executed from CPU at fixed

interval.
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Fig. 3 The comparison of the computational elapsed time of the neigh-
bor particle search using the linked-list with/without sorting by
cell ID.

Algorithm 1 The time integration for objects
for k =0,1,2... to Ny do
for j=0,1,2... to Npgricie do
if particle[j] € object[k] then
objectlk].force + = particle.force[j]

ob ject|k].torque + = particle.torquel j]
end if
end for
update ob ject[k].quaternion
update ob ject[k].position, velosity
end for
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Fig.4 The breakdown of the computational elapsed time with the imple-

mentation of (A).
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Fig.5 The breakdown of the computational elapsed time with the imple-

mentation of (B).

ZTHEL, (AL B DZNFNOFEEIIHLT, 1A
T 7 B0 OFHRRHZHE LR E 2 =4 L
B 5 2R,

GPU [ TUIMAER S 122w T FML 24T 9 923 (A) 139
BB Z THREP ICHTREIRHEEMT 201 L, P
EEUT DWW THFUL E TR WHEE (B) 2 w54,
FEH (A) & HRGHERE ORI 2 TH 5. WIEEDH 300
%t 2 2 L 523 (B) D WEIEREZEL TR Y, T
BN B SLBOYME 2 ) RIED X 9 maicid, 983
A) ZV3 2 EITk D, UREDE 2 TH R OB
MEMZ 2 ENTE S,

3.3 Hi{f GPU TOER{TIHEE

Hifk GPU DFHHIZ DV T, NVIDIA #0423 2 fhdE
fEMTY — LT % Visual Profiler % F\»TH — 2 VB
FZ4TIREfE] %> FLOPS(Floating-point Operations Per Second) %
AL 72, 140 JHEDFMARL 71K LT, 1000 flH DKL 175>
SRR S N BT % 400 fHELIE L 72 47 2 HHEERTE I 69
295 (A) OIS AEOFEITHERONRZE 6 12777,

2015 Information Processing Society of Japan

HPCS2015
2015/5/20

1,200

0.0062

1,000

®
o
=]

N
o
)

Elapsed time [msec]
(2]
8

N
=]
s)

HEEE | PAT WFE OFEN | EE0 ‘E:jjﬁﬁaﬁ e 2 M oo
DRA | s
FEOBMEE s | A

B 6 Hifk GPU TOEITIERE (7 7 7 LD IZ GFlops fil).
Fig. 6 Elapsed time of each GPU Kernel (Numeric values on each bar

show performance (Units: GFlops)).

Rl CAFSICEDY— P 2EBAT v TEITLGEOETIRED
PRARfE,
Table 1 The ideal performance for the case with the execution of sorting

in every time step.
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Fig. 7 Outline of dynamic load balancing based on 2-dimensional slice-

grid method.
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Fig. 8 Dynamic load balance based on 2-dimensional slice-grid method

for the suspension flow problems with multiple GPUs.
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Fig.9 A simulation result of suspension flow with using 87,430,000 par-
ticles with 2304 objects with 256 GPUs.
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Fig. 10 Weak scalability of dam break simulations with cubes on TSUB-
AME 2.5.
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Fig. 11 The break down of the data reductions in fig.10.
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