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Acceleration of SPH-based fluid simulation on GPU

Kiser TAkaDAL T2 Tomokr NitTal:?)  Kazuniko OHNO!:©)

Abstract: The particle method is widely used for physical simulations such as fluid analysis and structural
analysis. One major issue of the method is its large computation cost thus GPU has been used to accelarate
the computation. The SPH method is one of the particle method, in which particles interact with only
particles within a cutoff range. Although it reduces the computation for the interaction, the neighboring
particles must be searched every time step. Therefore, efficient scheme is required to reduce the cost of
searching neighboring particles. Verlet list method is one of such efficient search methods. For each particle,
this method constructs a neighboring list which stores neighboring particle indices. However, the number
of neighboring particles often grows large in the SPH method when simulating compressive fluid. In such
cases, the memory access cost on constructing and referring to the neighbor list is largely increased. Another
issue is that static memory allocation is difficult because predicting the size of neighboring lists is difficult.
We implemented SPH-Based fluid simulations on the GPU, adopting the Verlet list method. We introduced
dynamic memory allocation for the neighboring lists. We also introduced data layout optimization to reduce
the data access cost on computing the list sizes, constructing the lists, and referring to the lists. As the result
of the evaluation, execution times of the simulations are reduced compared with the conventional method.
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DualSPHysics_v4.0 Tldt)L ) v 2 ) A MEZEHLTW
205, AFHCIXIREFIE % 0 T DualSPHysics v4.0 (2
ANV Y X MEEEEL, NEINTWSEEHERD D
DTFANT—=RA&EANTHY VPR E DK ET - 7.
REBIZANVEZT AN T —AOME 2K 112RT. £
DAT Y T, FTEOINETH ST LT ETIZETT
ATy THEYIaL—Ya VAT KT OREBTH
5. 7z, HHNGHREOINE, WG ER L E ORMGHE
EITODEDNERLTNS.

FEAMERBEIEER 2 1ITmT 2 O GPU ## PC LT
7o 7z. Tesla K20c i& Kepler /87 —% 5 27 F v [15],
GeForce GTX980 & Kepler DIXHAR & 72 5 Maxwell HAX
T—FTIF v [16)| AL TW5.

4.2 RITEBOLLER

BT AN T —21Z2\WT, AV VF IR IRETERDE
T 2 Gl U7z, &7z, BFEE (float) & AHFEEE (double)
AW 280 OFEFRMABEFI L. AV I FIRRICE
TOREFEBROEE R ER%E, K 11, B 12(Tesla K20c
E) 83X UH 13, B 14(GeForce GTX980 1) IZ/R9. Z
D55, 11, K 13 & 2 kocZEM, X 12, X 14 1% 3 kit
DT AN T —ADFRTH 5.

2017 Information Processing Society of Japan

HPCS2017
2017/6/6

float =
double ===

pedi Ao 3

11 Tesla K20c ® 2D 5 A b r — A TOHE [ L3

float =
double =3

B 12 Tesla K20c ® 3D 5 A b — A TO#ME [ _E&K

float =
double =21

13 GeForce 980 @ 2D 5 A b — A TOHE [ L&

2 L ZEE O TIX, WO EMiERE, FA N —
ZIBVWTHRETRICEIVEER E2EHLTWS, —

31



2017

High Performance Computing Symposium 2017

HPCS2017
2017/6/6

K1 AEBRIZHWEZTFANTr—2A
FANT—2A 25| ATy | ORI | KRRIGHE |
DamBreak2D | 2D 72415 21001 i3 RLf#EY I al—v a3y
MoveSquare 2D 10400 | 20302 EL3 ES ORI —E & TRORZHED
Sloshing 2D 411017 | 22064 i3 KD A>T R > % AES 5
WaveMake2D | 2D 164715 53087 ki3 —EADOW % T 5
Wavelrreg 2D 197227 | 51234 i3 IR 72 2 A2 %
Floating2D 2D 675911 | 602920 f FiZ TP I RTKIZ R LT 5
Sphere 2D 45202 | 59092 a KD AR v 2Tk ZE KL T
Bowling 2D 155972 11576 a A BRI, Rm2EmALZRkEk2EHES T2
DamBreak 3D 18770 | 171496 il KA I 2L —vay
Forces 3D 33656 | 44063 i3 EERRICA D EINZ, 22 2NOKE»EET
WaveMake 3D 59331 | 518744 i3 —TAM O 2 EKT 5
Floating 3D 44823 | 469508 H FRFD NI E AR T
Solids 3D 43636 | 115016 I ZE[EI N IR - 2 i U 72 X A i (SPH k& DEM O )
* 2 Mg 5
CPU AEY | GPU
Intel Core 17-930 6GB | Tesla K20c
Intel Xeon CPU E5-1620 16GB | GeForce GTX980 4r B

float
double =31

EERLE
o
T

B 14 GeForce 980 ® 3D 5 A b7 — A TOHEE [ LR

HT, 3MITCEMTOFEAMTIE, TAN T —RiZ&oTH:
BEIZKESENHTED, Forces ® Solids T 1.2-1.4 {52
EO®EEW E%2ZERLTWSE—FT, WaveMake TlZA Y
TP IVIRD PRI FITEREME R LTV 5.

4.3 XEYVHEEOLER

BTF AT —=RIZ2WT, AV VF VIR RETFIERD
AEVHBEAHKLZ, T-2ORBEIHEETH 5.
FVIFNVRRIZN T B IREFIEMOHEE A ) BNK%,
B 15, B 161257, X 15 1% 2 kocZEf, X 16 1 31
TLEMDT AN T —ADERTH 5.

WINDTF A M —212BWTH, BEFERTIZA
DYFRED ARV HEBEELHEMLTWS., LHrLAR
MRS 2 WITEMOFTMTIX, WINhDBEIZHBINRIZ
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16 3D FA KNS —ATODAE) BHEEDOHINE
1.2-14fGRBEIZEE 57, — /T, 3WILZEMT O

TIX 1545 5 KIEIZ XA B Y HBEELHALK., &<
WaveMake TldEA Y I FIVERD 4.5 5720, 4.2 filom
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% 8 Dambreak2D D&MD EFTRM (7))

LYY A Mk ALY A M E

FEATIREH] R | EITRH I
W7 —REFD Y — b 44.0 60.8% 4.2 | 13.8%
B A RS 0.0 - 4.1 | 13.4%
ARG 12.4 17.1% 10.5 | 34.4%
Z DAt 16.0 | 22.1% 11.7 | 38.4%
RO FATIFH 72.4 - 30.5 -

% 4 Dambreak O&UIEDETIEH ()

‘L) o)A NE LY A MK

FEATIREH] W# | AT I
k7 — KEFH DY — b 17.6 16.9% 2.2 2.1%
) A R 0.0 - 26.4 | 25.7%
ARG 743 | 71.5% 65.0 | 63.4%
Z DAt 12.0 | 11.5% 9.0 | 8.8%
ARD FATIFH 103.9 - 102.6 .

% 5 Solids D&MD FEITIER] (7))

LYY ANk ALY A RNE

FEATIEH] W# | AT R
b7 — KEFHOY — b 57.0 12.4% 6.9 2.1%
Y A SR 0.0 - 55.8 | 17.2%
HHEAE G 350.5 76.5% 223.6 | 69.1%
Z DAt 38.7 8.4% 28.2 | 8.7%
ARD FATIFH 458.2 - 323.5 -

URFETEERTO—REEZX OGNS,

4.4 BUNEBOERTIFEDLLE
V) IV ANEERWS A ) YFIRRTIE, Lk

BTFORIEE & BEOIZAT Yy THIZKTFT — X5 %
V=N T BHBENHL. ZIUIFLRIL LY A MNEEZFW
HEEFIETIE, EEY A MREERHZY — MR EIZ RS
N, VAMEERIBRATY TIZ—ETL Wiz, V—NHE
BITHIBTE 5. Z0O—A7T, KTFTF—XEHIA~DZEAN
EEV A NDA YTy o AMEEAWZHESEE 255
P, EEY A MEERICHWS LTS X2 RELLTY
L7l F AR T B 57, I A NABEINT B HEA
LHATWS., 207D, TAN T —ARFEFERRIZLD
MiED ML — N4 TBRICERBED, RS ET 5
GLETILEENELEROND.

FIT, AVIFVRERBREFERDZENTNIZDONT,
7 A b — X Dambreak2D, Dambreak, Solids % F\ T+
HZ e OEGHRBZEHILZ. #R2KR 3, K4, K51
FTNETNRT. FEITEIE X GeForce GTX980 #£# PC T
HY, TRIIHEHEETH .

WTFNDTF AN Tr—2ATH 4V VF IR IRET LR E
g sy, F—XEHOY — MK 1/8-1/10 FEE &
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KIEIZHIRTETWA. B L7z& 51T, NV Y R ME
TIBAT Y THOEHEY A S FEEEROARY — N EITR
EW=HTh 3.

7z, B VNORR &2 EER e T 5L Y
VIV ANEEHARB Y, )LL) A METIREREY A b
WZHBRFDAEBERHE TS0, HEEHAFEIIETS
RSB, U UESRIFHT L 727 A b — A D #iH
T%, Dambreak2D, Dambreak, Solids D Z 1V Z 1T 15%,
13%, 37% &, * VU VFIVHIZK T 2 RfHIJR =R 12 K & 7%
EDR SNz,

—J, EEY A D OREFIINLV LY A MEDATHE
RAETH Y, AV IFIVARITH U TIREFIERDEE
BTORRNE S, ZOMMKFHRAEHIZFLTED S
#| 4 %, Dambreak2D, Dambreak, Solids @ Z 1 Z 31 T
13.4-25.7% L &P R o N .

FRIENERIZED B EEGITEET S L, AV IF IV
25\ T Dambreak2D Tldki T — X BlFI D Y — b K
6 E LR LD BDIZR L, Dambreak, Solids Ti& 7 #
U EEMHEERAGFERES 5D TEY, ¥V — MK 2 #]
K Thbd. ZD7d, FETIEH2HEU EOFHER EE215
TWVWADIZx L, $#B&EILY — NREPFRE ORIJEE % &
L TWaIcElb o7, #Em ERIEHE D EHI R,
Dambreak TlE, NV VA METEEY X MEELHE
TEFAZHEIZ 2D B SEHREE A Y > 2 ) A MEOHEA/EAF
BHEOBEREL AR S>TWVWAS. DamBreak TldEER+ & KkE
T-OMEAEHGHE O A THEBNFHEEINS V. FIEED
FHEENNIVBEIEZAL Y FOT A RIVIREXEL & D
MR T X 5NB 728, VLY AMNEERWEZI L
ZEBT A4 VAL Yy FOHIEA DamBreak Tldd £ 0
RPN h oz BEZOND. — /T, WALHIKDOES
WM EERAZ Y I 2 — 3§ 5 Solids TIFMEEAD7-
DOFBEENPKEL LD, ZDEODTA RVAL Y KOH
BRIz & D MEERGFREOETRFZ K EEcE L%
AoNs. DX, HAFMREPEMIZLDIEENLL
DA MNEPHRITHE L VRS,

4.5 TANT—ZDHMEICL2HE

4.4 HOFRIZE SN D & 512, SPH EEFRO LU
BT IEMIZT AN — A2k RELRRY, 24K
DFEITMRERZEALTWS, TIT, BEFEADOHEL
ERHT B0, BT AT —ADREERRIE L. fER%E
x 6 IZRT.

I A S OSEERE, BT O @ e & U
TW5, FAREOR FEE THIUE, TR DI 2 1%
TTED SIRITEDIED NEL L 0 B7-8, & 6 TH DamBreak
PABED 3IRTTTF A M —ATIE, 2IRITGDH D & 0 5EE
VDAMEHERELS RoTWD., £/, THoDHhTH
WaveMake 1%, fHOFEIZELTWS. R)VL Y A NET
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K6 BTANT—ADEH
EREY A b ALy R
TANr—2X YR | FEAEEEIRIEL | PEMEEERERE | 7 ROLE
DamBreak2D 27.99 9772 7.41 23.4%
MoveSquare 31.79 2084 4.99 31.5%
Sloshing 23.23 82204 5.00 24.8%
WaveMake2D 57.80 32947 5.00 6.2%
Wavelrreg 37.18 39448 5.00 11.9%
Floating2D 36.33 135182 5.00 4.5%
Sphere 37.88 9039 5,00 10.1%
Bowling 31.84 31193 5.00 16.6%
DamBreak 151.82 2520 7.45 20.0%
Forces 70.96 6730 5.00 25.4%
WaveMake 564.26 11866 5.00 17.7%
Floating 169.47 8955 5.01 13.6%
Solids 129.18 43636 4.99 11.4%

R T T — REHIAND T 72 ARHTIEHEY A MDA v
T v 7 AMEE AW HESRBET D 0T, EER T O
WWEB7 72X FOBMEIZELVY VoYX MEIC
WARTKREL RS, 2D, EFEIANEHEDORE W3
RICT A N7 — A TR BRI 2T D%E & 0 D
MELIZLKLKRD, FHEENBNKE N Forces Tlddh 5
REOHRER EXABONE—AT, LLICEHEOEN
WaveMake Tl KIEAHEEEK NICER -/ EZ 515,

FRERBUIETTITEEY) A b OFBENTHhI -0
BThbd., AHEMBITIEAT Y THZ BREERBTRL
METHY, FHEHUTHAT Y 7T ICHBEN b
MERT. 232 HTHRANZK S, VL) A METIK
FEROR TOREIZL D, HHEEETORT Y THENE
IT5ZeMH5. UL Dambreak2D, Dambreak BA# D
TARNT—ZATIE, ZOREIIN 1IN T TH - 7=,

ALy R7A FVRE, HEEHFRRZT I Vv FX1
N=VzVARIZEIOTARILVERSTZAL Y ROHEKT
HY, ETeEzEBLTOTA NVRTIEARW. HAEEH
FHEE, T—THNOEAL Y NIV —T%2EFLUENS,
V=T DEAT v 7T i &FHOEERLFBAIZ DWW THER
HEFAZHET20E2HET S, ZOBIT1 ALy
R THEBE 2T 725G, TORP>7ZALVY RETA R
Ve Utz BT ANT—AZBWT 4.5% 31.5% L K& 7%
DA SNTH, HER LR OMBIMEIZR S h o7z,
ZHIZDWTIESHE, AV YUFIUREELTOT A N
KOLALZE T 2 HEDDH 5.

2 IRILZE [ D WaveMake2D, Wavelrreg & 3 ¥R 7022 [ D
WaveMake 1%, FMIMSEREELZHVTWS. ZThidy
Sab—YarvaEMEzAERY A XITRET DEICRET
LZERO—DT, BRI EE D —HOBER LIS B FL
ThHd. BFHTORN I OBEFRITEEE2 52 57
&, ARSI FE L TERLTEE, HERMNEOR 71X
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IR T ERRIN I BT SR T B PRER 5. NV LY A b
ECIREFER T OBAie UT, EERL D BILVHEIFHO
ki 28hd 5. HAMNBREM 2T R - T 5720I121%
JAMIEE SR 7 & U CBdk S S HI 2 AT 2 B DY, Z
NoDT AN —ADMEER EEHME & i U TR 4o
LR EEFEZ oINS,

46 GPUT—FTI/FvE&T—9REDHE

M BERTAM 12 W 72 Tesla K20c, GeForce GTX980 (X% 41
ZN Kepler 7—F 727 F ¥, Maxwell 7 —F 727 F v %
BHLTWS., BEOHPFLVWIRTHE7DAE) T
I AHE, 3T OFHEMENEEICHELTVWED, £F
HEHERZR -2V OEEEHENRIESL > TWn5.
F7z, TRDBENPEEELEEEOLSRIEKT S L,
REREOHDVEEIA S - AEV T 72 AT A MUIE
5.

SEOFMTIHIEFLAEDT AN T —AIZEWNT,
GeForce GTX980 ET547 L 721E 5 A% Tesla K20c E D
ET LD EmOEER ERPFONL. THhEAEY T 7
AMERED 2k D, VLY ANEDTAY Y hTHD
EFEY A MBED 3 A PR T — RV & HESRT 5
F=NANY RWNSLK o2 RRREEZ SN,

72, SXIEDTF AR T —ADTRTIIBWVWTHEHEEZ
AW A0 EREE L D HER LR ERo7z, 21RTD
TANT — A TIIMEREEDBIEE X 0 EBAL72 5 O3 ERE
ETHY, FHHTS GPUILL VIBEBLLHIZT 54, o
D LZEEALNR,

5. FELHESEDRE

AFETIEY A MELERIC BT R XY 2GR T 5
Z 2T, SPHLE X)L L) A MEZEA L ZRAMN 7o
7' L% GPU EIZEEL, VAN ZDFHE, VAL
DS, VA MBIBROT 78 A% T—X LA T U Mg#
friz& v E#Eb U7z, 72, BEUAZEEFEEA—-T
YV —2ZY 7 k7 7 DualSPHysics IZ5EZL, W< 290D
TANT =2 AWCTHRETHMEI 217 > /2. Z OFEE, Wik
LA EOEENRMED & S R EERFREIZ DS
R KENGEICATENEHATH L Z LR bh o 7.

SHOMEL UT, & DFEFMRMEREMZ 1T > B ER D
5. WRTFHELOESIZTOWTIIFER DS EITIFHEAIL T
B5T, MEDOETAL Y R7 A RILRE KT 574 L8
M 2T > TWE 72\, 72, SEIIEEEY A MZE
THEOHP Re 2 FEE L TR 21757208, ZhzE2£4tk
TEBZ LD, KMTEENGVEES O N2
SNBHREMEDRDH B, X512, KFETEAETY HEEN
RESHINT B728, KEBRY I ab—Ya ITEHT
ZHBEEMEEL, GPUDTFNA AXAEY R@ENHED
MIGVBETH 5.
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