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AP, & OB FEBEOMHTIZRT LT, B AEIC I A RFE Y I 2 b— g &2 7 ) HEMITA S ik S
NTna, THEMEERIZESCR FEEHAE A PREL, BREFE ISR T2 0 LT 5720,
GPU(Graphics Processing Unit) ZHEN#EE & L CEEE#H TS5 GPU Ao U RBRERMETHS, L1
L. Bk $k GPU FHECIE. FHEMERE BEICHE LZGE, Rir-/omnsieiny - ZRMNICKs Z ik
DAELD GPU ATV O, FHEAMNORE L 2WFEIEROZE LVE T, BfF0MviELICK D GPU
AV QW be ERME L 72 0 HEOFATIIREIC /2 5, AR TIIREENZR AT VMEEEZ > GPU A=
VAT L= TR T BUEERR L, GPU AR SBT3 M AERICES R FIEORBES I 2 L —
a Y OBEmMRLHEEZENT L, LY BRSO CEAEREICRI L, GPU A/a & HW TR T
RIC X BEMR BT N A RRIC 2 B 2 & B LM T B,

AR, RSB D 72 O T HAR EAE IS IS R FIEO B R FETH D EBIERE L W R
7 SPH(Smoothed Particle Hydrodynamics)iEZE A L, B— GPU &AW =@Ed b FiEE R LTz, B4E
ha AT R RRIC L VR OFMEEAFEOFHE 2 2 F 2R+ Eioxt U ORI 2, =Rk 7
D A V&% Linked-list 512 & 0 AT 5 @ b Fik% GPU ETHAL, 612, CPU 26 EAES
W& B Y — b EEHRICETT S 2 LT GPU ICHHBIIZR 32 E5iT RLATODF—4% - o— FomEmgh®ibz
A, RBMSPHIEIZ L5 3 WRTitRatFics L CRIEe@md (b &2 El T 5 Z e N T& 7=, —F, #3k GPU %
Wk +OBEFEIZE VT, GPU MOEE LR +7 — X O@BEICE Y GPU O AE U O HEFH 2 A1k
LR AR 2 REICR L, EHMICR 7+ — 2 2 B35 Z L TWi R bE M5 2 L83 Tx %
ZEEHLNC LT, I LICHEES O R N EFERROBRIZ OV THRN, BES O RiEMEE O E T
NERE L, ZROICE VR EORRBFENREIC 2 -2,

WCHEAR BAE NS R HEOEBGPURE Tl R+ 2SRRI BT~ 5 2 & TR+ A3 22
WMHZEICLVAELSD GPU AE YOS, FHEAMOARE—IC L B WFEEIRDOZE UWE T 23 KA
HAMHDMERH D, Zhixtl, AT A7) v ik, kO 3 FEOZEM AR EZ AW ToAT — X 1
T L DB S < BIAR O BIEEZ B GPU HEICHEMAT 2 HEE/R L, ERTERFZED
TSUBAME ARz %M 3 ReH L7 LA 7 BEOFHEICK LT GPU HAEMIETH - 35A7r—
U T ERN SFEOWIHEIRE L LTz, 2T A4 27U v RETHEHBEEBRO T A7 A E < 7
VAEFIEZNERA 256GPU 225 512GPU TH LK T T2 Z &0 0 | ZERIE#REZ AV 5 5L Tk
RIS BN D RPTMELC X 0 SEIREEEE N D U BRI e L~UL Rl & 27 iR T a2 BRI N O A
L7anWi=o, WFHEhRAKIEIZH 325 2 E R LN -T2,

M RPWR, O O EREOERMBE~O@MAR & LT, 64 GPU ZH\\T 1,670 FEOK ok 5=
T e RN H—Tay NOBIKY I 2L — 3 T, S TR I ~DOEENEEMNT 2 e LT, $7-. 4 &
KD HA 945 (HET PROEY % & T0256GPUE WV v I = L—3 3 > Tk, ZAKOBIEL Y biiAD
2R K A EERENEFIICRE N L &R LT, EOICRBEEZR 1 & 1,750 HEOR %2 Vv 12 S
% 10,368 {HO A Gte 256GPU Z Wil 2 2L — a VEFITL, SHHRMEOMITEIT > & &b
IR AHEFENERORBOBRKEED T I 2 L —2 a VICHATX A LA RT I N T,

Pl X 9lz, RmC TR, £ oIt U, IR BEAERIC IS RLEIC X D KIS
2 b= a v EGPUAN T VB W TEDRICFITT WA BRIEEREL, SEIERMEICHEATS 2
L TEOHMEE AT D 2 ENTE T, RFFEREIC L 0 IERCFiA, TomlkfMEcx L, GPU A /8a v %
FAWTRL RIS L D572 BTN AIRE CH D Z L LM TE 7=,

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
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The importance of particle-based simulation is widely recognized in granular mechanics and fluid dynamics,
however, the restriction of problem size is critical issues for many years.

We propose an effective method to realize large-scale short-range interaction based particle simulations on
GPU-rich supercomputer. Discrete Element Method (DEM) for granular materials, Smoothed Particle
Hydrodynamics (SPH) for fluids, and the combination of DEM with SPH for flows interacting with objects are
introduced.

The fragmentation of GPU memory used for particles happens during the time-integration and the frequency
of de-fragmentation is examined by taking account for computational load balance and the communication cost
between CPU and GPU. Our de-fragmentation method realizes the long-time computation of particles.

By applying domain re-decompositions, we maintain the same number of particles in each sub-domain. The
performance scalability of the SPH simulation are examined on the TSUBAME 2.5 supercomputer with GPUs
(NVIDIA Tesla K20X) with using two different ways of dynamic load balance; slice-grid method, and the
hierarchical domain decomposition method using the space filling curve.

The strong scalabilities are studied for the 3D dam break problem. The performance keeps improving in
proportion to the number of GPUs in case of using the space filling curve. In particular, Hilbert curve and Peano
curve show good scalability due to that they can keep the number of neighboring sub-domains regardless of the
increases in GPU number. The spatial jump in Morton curve cause the increase in neighboring connections and
the slight performance degradation. Some sub-domains have shapes with high-aspect ratio and particles move
across the boundary easily, so the amount of data communication increases and the total performance gets worse
with using slice-grid method.

We applied our proposal method to a practical problems; simulations using 16.7M particles for various swing
trajectories 64 GPUs, A large-scale debris flow simulation interacting with 10,368 rubbles with using 117
Million particles on 256 GPUs are successfully carried out on TSUBAME 2.5 at Tokyo Tech.

By the findings of this research, we clarified an efficient method to realize large-scale particle-based
simulations for the analysis of granular materials and the complex free surface flows interacting with objects on

GPU supercomputer.
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