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Algorithm 1 Details of MGCG for PPE of ISPH. Solve Ax = b, which is an algebraic
equation oi'le"” = %V - ¥v". (). indicates the calculation related to SPH cell model
(FDM mesh) model,, and the other is the related calculation of the SPH particle model.
P is a mapping matrix, from SPH cell (FDM grid) to SPH particle. On the other hand,
P! is a mapping matrix, from SPH particle to SPH cell (FDM grid)

s b e (V. v)SPHE

1
2 x & BTy )SPH
3: create coeflicient matrix A of SPH particle model
4 re=b-Ax
5 pe=0
6 k=1
7: (* outer loop start *)
8: while [r| > ¢ do
9:
10:  (* inner loop start *)
1: zer
122 re e P"r
13: z. =Pz
14:  create coelhmen[ matrix A, of coarse SPH cell (FDM mesh) model
15: z, = (A, )l r. (* solved by CG method with € and initial solution z, *)
16: ze Pz,
17: (* inner loop end *)
18:
19:  if k > | then
o 20
Pold
20:  end if
21 p=z+pp
2: q=Ap
23 pe(nr)
'0
24: o=
P.q)
5. r=r-—aq
26: X=X+ap
27 ke=k+1

28: end while
29: (* outer loop end *)

Z ORTAERRT & AR IENE, BB R SR T
HT 2Ny 7 770 FeLvzsfi#Es LTl
LB E LTl S ~ VF MG RE Y N R—Th 5. %

OBEEM AR 3127~ .

i Solving
| -

AR (ERE)

i
i
1+ Inner loop=

i
L pr ing » | Solve PPE roughly using CG solver ‘ S
| matrix ! s
| — | Solve linear equations roughly
| using a coarse FDM.
Computations of
outer loop

i
i Mapping the result to #i F model ‘

| Map the coarse FDM results

Outer loop ' C
=P EEOFLEH ECGE | onto particles using FEM
1 shape functions N.
Use for preconditioner of outer loop
,,,,,,,,,,,,,,,,,,,,,,, RRRREEEELEEE Y
= S R— > ar
M3 Nvo 75y FELaiEfE
- >
TILFRRGE Y ILN—
0 50 100 150 200 250
1.E+06
L E04 2 mamsL
W EOEMMEL 2
£ LE+02
15
5 LE+00 \
3 .
‘@ LE02
o
LE-04 £
L.E-06 ‘ 210f] ‘
Iteration number
THARR Bk - EEBh Oy EY S SRR

Te meil

Residual norm

=B

T DO TG Y N SR— DB SN, R
RO ZENEZRLILE LT, £ DGR+
WIS 2 HEE L, RE AT L LTRSS 2
EEBEEL W, 2720, ZOFEE TR 4 1TR
T & DT, FRICHIH BB T ONURMEIZ —E D RhR
ﬁ%%ié%@@hfﬁkbfﬁ+%ﬁWﬁ&%
DGO NRINoTID, ik - EH S O E %215
T, FREICR LT~ AT 7Y v MaiBE O 7 L =
U A L~LfTEON, BUER, Zo7vdY X
DA & L C 2028 AEEICEEF TH D,
FEtiE b B, RN TE IR AW LT, kL
FHEOEREICOVWTHRI GO, ZOW
i, ERMESEIcE# s Tl A
HFEZEO Ny 7Y% —F 1 ThH % Computer
Methods in Applied Mechanics and Engineering!/{Z $5¢
s U, BUEAGHE R 2 2 H L, HER R &R -
TWOHEMIZH D, ZOMEDHRZLL FITRT.
B 51213, 7Ny F T A b (5 e 72 BB o EifiE
sy % BEERARE & bRl U CURME 2 RRRE) 21T - 72
fERAEZTRT. 2 B HOFHEBRAT, Tk
SPH |2 & DAEHEE T /L TIE 1 IR E Z A7, KL
FRUENEN D & FEMEM 2o~ LTz, 2
,ﬁvt% Ltwmmizﬁ HDARTH
IR LTV Z & DR T ZhzB 6l
%ﬁ%?f?4% Kﬁ%bTﬁﬁ%ﬂE7¢®
FIE) 22 R) FEFFE LA TH R0 BATF
RNFMEZEZ R LTINS Z & 2R LTz,

10 15 20

1.E+06

& MaEg L
W ESEMUELSE

\
]

REMABETIE
+H SRR

1.E+05

Iteration number

BE, REE~E74—F1vs

B4 MFEIZETEHNYI T2 REILATLEIZK S CGEDREIRIEHRE

L conty 'C»ﬂ%m\/\



SFERRHIBE WA SR RR A - JEEDTIEHILA 2022 FFEHRRIBIIE Aot Hs &

-0- SPH(2) &z L -e- B#EEFL EhmL IR

—o— SPH(2) &hpY —e— BEETL HhbY

10°

102
1073 1072 10-1 1073 1072 1071

AR F R Y EARLF R FE
(a) PEBHIF (b) HMERHLF
-5 S T5 372Dy F TR MEHI(RMSE)

—
FRER (cm/s)

oo

X-5 Cavity BRED FED

1.0
0.8
0.6
N
Y
0.4
B Ghiactal. (1982)
— F3£(1) (200 X 200)
0.2 — F3K(2) (200X 200)
— F35(3) (200X 200)
0.0
0.5 0.0 0.5 1.0
u/U
-6 TEIREBTORIREE (Re=1,000)

BIOFRF] & LT, R 115 CrI iR & kg 7
FHENAREEE SN CE =~ ioRE (R-7
ZR)ICBWTh, A TR <R 8 IRTHN
FCMNERME L IZERFEOHERN/HELNTEDY,
F IR Z /N E < FTHE—EEICNRT 58
DEVERNELN TS Z & 2R L.

w [1/s]
4 i 3
2
Q
20 -0
2 [
Y -4 -3
L 0 5 10 15
X x/D

Cp

———- Wille (1998)

i I D/dy =10
00 | ! : D/dy =20
D/dy = 40
——— D/dy =80

0 100 200
B (s)

X-8 hIL~ ViRFEEROMERAERRO T

6. EBRROBCDTMESEOEE

WHEEOFRE & LT, GPU TrEfEreIciET 5
bi 7k o — NG  — NIoHfi s =25
GPU Zffi> CTHEIMETE 5 & 512 MPLILAEATV, R
r— 0 T EIT R T T o R
bRIZbDOEEZD. XY, Rk
DRI Y VS —DZH GPU ~D @d b3 2
HAThDE, RNBERECHIANTE . ZORER,
MOVE SN ER T ETHT-HFETEE A LV b,

WFZEEE B 2B & L h#tads L. DIk
DOINEIL, 2022 FEDRTF:TRED DW=, —FF

T, A=V IFHINC XY, KLEOFEEEIR
VIS TLEW, 25 GPU Al 5 BREEANE <
o TLELTZ NG, WHHABOT /LT
ALOFRFEANRICEm LT, £ LT, XD
FEPER 2030, 2023 4 Ok E~ & D7
JF5ZENTER. EBIZGPU LT TRL, ftho
BREIZEB W T H T L e DR 115D mfE LI R
MAEEHI Z ENTEXLBYOTEINDBRIEIE LI
Tl bRETRERR LB D, TORE, 41
DOEFAT LN ZH S, IO EBRSER R,
9 HFOENZHBRR ELBOMIER R RS Z &
MWTE. 2L, —#osHE &1L, Wik
WZEEFEY, KEFEOMREZRLFICE LD D



SFERRHIBE WA SR RR A - JEEDTIEHILA 2022 FFEHRRIBIIE Aot Hs &

FTIIEEL Do T2728, 2L JHPCN DOkt
MEICB I A ERBE LT 5.

1. WARFEE

(1) Ziwx (Ex:HY)

(1R 75 B8, ShBOcP, EICHR, ks SPH 4
~ZEH 2 WHEEDOAEL - 77T 27 > - BEWS
~, BRFEFHIE, Vol79, No.15,22-15019

[2] Feinsi, dBeE, AU, AEE ST
MaMEFE M % k5 & Lz SPHIEDE N ARE T /LD
JRARER, AR SR U, Vol.79, No.15,22-15023
[3] Daniel S. Morikawa, Kumpei Tsuji, Mitsuteru Asai,
Corrected ALE-ISPH with novel Neumann boundary
condition and density-based particle shifting technique,
Journal of Computational Physics: X, Vol. 17, 100125,
2023.

[4] Kumpei Tsuji, Mitsuteru Asai, Kiyonobu Kasama,
Seepage failure prediction of breakwater using an
unresolved ISPH-DEM coupling method enriched with
Terzaghi’s critical hydraulic gradient, Advanced
Modeling and Simulation in Engineering Sciences, Vol.
10, Article 1, 2023.

[5] Mitsuteru Asai, Shujiro Fujioka, Yusuke Saeki,
Daniel S. Morikawa and Kumpei Tsuji , A class of
second derivatives in the Smoothed Particle
Hydrodynamics with 2nd-order accuracy and its
application to incompressible flow simulations ,

Computer Methods in Applied Mechanics and

(ERLEIZE )

Engineering

2) BF=EIOS—Ta VTR
ZETL

(BZEHY)

Q) Er=#ER (BEHmGL)

1) Yusuke Saeki, Shujiro Fujioka, Kumpei Tsuji,
Mitsuteru Asai, A Class of Higher Order Derivative
Models in the Smoothed Particle Hydrodynamics,
MFEM2022, Berkeley, USA, September 2022.

2) Mitsuteru Asai, Shujiro Fujioka, A class of
Laplacian and mixed derivative models in the SPH
framework, WCCM-APCOM2022, Yokohama,
Japan, August 2022, [Keynote lecture]

3) Kumpei Tsuji, Yusuke Saeki, Mitsuteru Asai, A

Hybrid seepage failure analysis between two-phase
mixture flow techniques using an ISPH-DEM
coupling method, WCCM-APCOM2022,
Yokohama, Japan, August 2022

4) Haruki Osaki, Daniel Morikawa, Mitsuteru Asai,
Boosting a large-scale SPH particle methods using
many GPUs, including inter-node communications,
ICCCI12022, Yamanashi, 2022

5) Yusuke Saeki, Kumpei Tsuji, Mitsuteru Asai,
Modified gradient and Laplacian models in the SPH
method to improve accuracy including negative
pressure regions, ICCCI2022, Yamanashi, 2022

6) Shujiro Fujioka, Kumpei Tsuji, Mitsuteru Asai
High-order SPH method with spatial second-order
accuracy for derivative operator, ICCCI2022,
Yamanashi, 2022

7) Mitsuteru Asai, Kumpei Tsuji, ISPH-DEM
coupling simulation for estimating internal erosion
in soil, ICCCI2022, Yamanashi, 2022, [Invited
Lecture]

8) Daniel Morikawa, Mitsuteru Asai, Haruki Osaki, A
phase-change approach to landslide simulations:
coupling finite strain elastoplastic TLSPH with
non-Newtonian IISPH, ICCCI2022, Yamanashi,
2022, [Best presentation award]

9) Mitsuteru Asai, Multi -scale and -physics particle
simulations for natural hazard, The 415t JSST
Annual International Conference on Simulation
Technology, 2022, [Invited Talk]

4) BN=EREx (BHFELL)

1) HECF, AL, Hlko NER AR T
7z ISPH-DEM f#f% « FEfRGR A 7Y » RiE
RTEOBR%, 5 4 FELAREEL2ERS
5 77 BRI AN 2, 2022.09.

2) KIGHERE, H)& =k, BHRE Hik
GPU % i\ 7= SPH V5T X 2 KEUBHRIAf#AT
md b, A 4 FE LRSS LERSE 77 |
R 2, 2022.09.

3) Vi, dERE, EHOUHL, SPH IEDE )4
BlE 7 LV OFME -AEEROT Y fiun e
L RO, A 4 FE AR EEK
2 77 AR TR, 2022.09

4) RS ZRE, B, SRR, SPH YEIC ST
D kS 2 BEIROy T L O, S 4 RS
TARPEEEREE 77 BHEREHERS,
2022.09.

5) SEEVE, EIOCHE, MO PN RN



SEHUR T AR FF - SERBFFEILT 2022 4EFESRRIRFZE et i
7= SPH-DEM fi#t4: « JEMRAGRUNA 7V NIERL
fEdT, HARRMBERARBRTY VAP T L
2022, 2022.08.

6) Morikawa Daniel Shigueo, - CHE, KIRFHHE,
— 4 IENG, A phase-change approach to landslide
simulations: coupling finite strain elastoplastic
TLSPH with nonNewtonian [ISPH, 5 27 [FI3+E&
TR, 2022.06

7) GHECE, EHOLEE, ISPH-DEM (I X 2 K& A0
EEB LI~ D v Ny T2 b—v
a2, 527 BIFHE TS, 2022.06.

8) ERIZE RB, i-BAY, EICHL SPH O mkE
TTTIT v BEMTICET 5B, H 27
[IEHR Tl e, 2022.06.

9) KWFFWE, H)F =Tk, B,  —

RIEE@(E 2 & 2% GPU % 7o KB SPH
b o g, 8 27 BIFHE LYEHEES,
2022.06.

®) ®ELEZATSIRE
ZETL

(6) Zfth (B8, TLRVY—X, EES)
ZEL



	1) Yusuke Saeki, Shujiro Fujioka, Kumpei Tsuji, Mitsuteru Asai, A Class of Higher Order Derivative Models in the Smoothed Particle Hydrodynamics, MFEM2022, Berkeley, USA, September 2022.
	2) Mitsuteru Asai, Shujiro Fujioka, A class of Laplacian and mixed derivative models in the SPH framework, WCCM-APCOM2022, Yokohama, Japan, August 2022, [Keynote lecture]
	3) Kumpei Tsuji, Yusuke Saeki, Mitsuteru Asai, A Hybrid seepage failure analysis between two-phase mixture flow techniques using an ISPH-DEM coupling method, WCCM-APCOM2022, Yokohama, Japan, August 2022
	4) Haruki Osaki, Daniel Morikawa, Mitsuteru Asai, Boosting a large-scale SPH particle methods using many GPUs, including inter-node communications, ICCCI2022, Yamanashi, 2022
	5) Yusuke Saeki, Kumpei Tsuji, Mitsuteru Asai, Modified gradient and Laplacian models in the SPH method to improve accuracy including negative pressure regions, ICCCI2022, Yamanashi, 2022
	6) Shujiro Fujioka, Kumpei Tsuji, Mitsuteru Asai
	High-order SPH method with spatial second-order accuracy for derivative operator, ICCCI2022, Yamanashi, 2022
	7) Mitsuteru Asai, Kumpei Tsuji, ISPH-DEM coupling simulation for estimating internal erosion in soil, ICCCI2022, Yamanashi, 2022, 【Invited Lecture】
	8) Daniel Morikawa, Mitsuteru Asai, Haruki Osaki, A phase-change approach to landslide simulations: coupling finite strain elastoplastic TLSPH with non-Newtonian IISPH, ICCCI2022, Yamanashi, 2022,  [Best presentation award]
	9) Mitsuteru Asai, Multi -scale and -physics particle simulations for natural hazard, The 41st JSST Annual International Conference on Simulation Technology, 2022,【Invited Talk】

