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A Fundamental Study on Parallelization Methods for Particle Method by Computer Clusters Combining
Computational Nodes with Different Performance
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The particle method is a technique that reproduces incompressible fluids through particle-particle interactions. In large-scale

computations, increased computational cost and memory bandwidth constraints pose significant challenges. In contrast, domain

partitioning parallelization using clusters is effective for load balancing. This study targets heterogeneous clusters built by reusing

discarded PCs. It implements domain partitioning considering performance differences and the exchange of boundary particle

information via MPI communication. This enables low-cost, flexibly scalable parallel particle method simulations.
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Figure 1. Parallelization using three nodes
ML, % — ROVERENERR D20, —HICAMES
BLIeSE, LHEREN O ) — FRFA & 72 0 22k
DFFEZNRPMMET T 5720 TH S,

Lo T, AMIETEREES NI Ea—F—
EHAINT L2 LA BE LIMRRORRDFHE ) — R
EHWEarBa—2—7 T AL =T X DR FEY R
2 b= a YOWSHROMMARORFEEL B LT 5.
2. WHEFIE

AWFFETIE, ATV RREICHE LA v E—Y
Ny 7 T4 77 Y ThDHMPLZ AW TR AIEDI
FfbaRIE L=, 3/ — FRICTlBEZ1Tvy, RIS
ZEIL T, — RIZEID Y TS Z L THHGEHREE
B9 5. MRRORLD /— RICHIET 5720, Hoh
CORERHDOT =27 7 A e L, 45/ — KR
Y SEI DR ERICESEY 7 BEATE DL L OIC L.
RLFE TR & OMBEAERFH RPN RE L 2 5T
O, FEMEEFUSIECIIBEET D ) — R DT — 2 55
MARRIRE 72D, AWPIETITFMMEHEAZEAL, €D
RN ORI BB 2 BT 5 ) — FRICR 232
Z LT, BERYNEICR T 5 EHR O S Z O (Figure
1). Z 2 CHEIRTOFREA

1: HKHET - B2 (81) - ¥, Grad Student. Ocean Architecture and Engineering, CST., Nihon-U.
2 HKBET - #8 - ¥, Associate Prof. Ocean Architecture and Engineering, Dr.Eng, CST., Nihon-U.

492



SM7 EFE

N = {x]a < x < b} 1)
ThD TN;: /—F&=FEL, 3 >0/ —F
Ny, Ny, N, D3EHRE T 5 fEl &

- -
0 = —

N, = {x|a <x< xbor_low} 2
N; = {xlxbor_low =x< xbor_high} 3)
N, = {x|xbor_high =x< b} @)

k‘é—é ::T‘xbor=(a+b)/3VC“3§)‘0N0&N1<‘:N2@
BESE & 72 DR DRELNCE R 2T, 5 — F
DIEF A

Ny = {xlxbor_low <x< Xbor_low + 3d} (4)
N, = {x|xbor_low -3d<x< xbor_low} (5)
N, = {x|xbor_high < X < Xpor_nigh T 3d}

N, = {x|xbor7high —3d=<x< xbor?high} (6)

- -
— —

LT 5. T, d:RiTFRREL, WEERIL L+
WZIRWIE G HEIR A fefR T 5 2 & CTHRA &5 k1
L OMAEHOHIEA I N—F 25, 20X I LT
J—RiX, ZOREEENICHEST DO %
Btz %/ — RICEE L, WICHET S/ — Rinb s
EENOR 7 — % %#%ET 5 2 & T, BRI
BT 72 R+ % et 3 % (Figure 2).

AT TRV ERMRIE O HIFHHE T, # A4 LA
Ty T LRI T — X O E 2 RIEKT SH. 1 [
EUIR F B OFH RS T Lictk, b0 HmRfE
HIEZATORNCET D, U, B — FobE
13 L7 BES M OF A o S, 1EMEZR B R f)
EXEITHITOTHD. 2 BIRF—#HOFHAEBLIOHD
WVBRINHE T LT, RO X A DAT v FIHETERIIZ
FEhid 5., ZORZHIZLY, &2 — KB ELGOENT-
K72 R LT2IRRE TR AT v 7 DR & BRGG T
X, HEOREEDNHERINDS. MAT, RFETIE
BRAIEEZEETDH LT, &/ — FOMEREESCFHHE
BARIIS USSR BB e FEHRL TS, 2
W2k, MRRORLLHE ) — FEAaG bt hh
IZBWTh, FHEERZERIEL O OKRHMR T I 2
L—yarwKa A N CEITRIREE 77 5.

1 |
3d) 13d

HAKXRFETR

FiiFESTIRE

B

3. fER

AR CIIERES N2 Ea— 2 —%2HAT5 2
LEMEL, MRRORRDFHE ) — FEflAabdbEr
Kk S 2 b—ya v OWSIHbDFEEER T~ 72, 5
FAHLNAFAET DRI & RN O & O
FHEAERNCYEEZBUNCHET L7201, £/ —
RIZEA LT MG IR N Ok 7 — % O P &% MPI
Z HNTASHR L7z, Figure 3 (ZAWFZE CRASS L 7RI
By lal—vark 3 J—RILoTHETLEF
BRERZAE LI b0 ER T, &/ — FOFHERRER

M5, EEERANORAT — & OYEE N EUNC A H
Sh, HREEHSERE L TC-BHobDY I 21—

I UMERINTND I ERHERTE D, SHhOE
LT, ESHICKBEZRY I ab—ra AR s
TH012, N J— N2 X 25U LN SIEI 7
5.
4. W5

AT L > TUL T OfEFmz 1572,
AR TIEFEFREIN A Ea— X —2FHFHAT5 2
EEBEELR, Avke—U v T 5477 U (MPI)
EHWzaryEa—2—7 72X =X HhiEv
2 b— a COWFEHROERADRFEZIT, 3/
— N CRRGE L Z DA DB E R LTz,
5. ZE Rk
[1] B —, DRif1%, LB, pp.1, R 17 42

H25H
[2] —RAEEEE A S Y 2o 3R HEEH S - A8

Y a v oELE X OFERL

=

https://www.pc3r.jp/association/recycle_result.htm] (%
H 1202549 29 H)

Xpor_tow Xhor_high Xbor_high

Figure 2. Exchange of particle data via three nodes

493

Figure 3. Calculation results using three nodes



