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Dynamic load balancing technique assigning plural computational domain blocks to every
process for simulations of solid-liquid flows in complicated boundary geometry
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This paper presents a new parallelization technique DBA-BC(dynamic block assignment method taking into account

balancing block computation load and shortening communication times) that is effective for large-scale solid-liquid

multiphase simulations in complex boundary geometries. This technique assigns plural blocks to every processing

element and dynamically changing the assignment to balance block computation load among processing elements and

to shorten communication times by reducing the number of communication pattern. Simulations were performed on
moving particles in the water by using the DBA-BC method and the DBA-B method that does not take into account
shortening communication times. The results showed that DBA-BC method was able to shorten 6 % of computation
times in every time step in comparison with that of DBA-B method.
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Fig. 1 Gravel particle model.

5. ZLC, DBA-B#:& DBA-BC i#EZHWTC, HATREAMEEL
7oK ORIE EE RSB D55 SBUTHRIT L, WEORHE
JRPED R B DBA-BC {EDFHRMRED BN EZ 7R

2. IRZEDFEX

AT THND IR IEOBAERRATIEZ 75, WA OTERIfRT
T, 2R DOOFEE BB ER A BIEEO R Dtk E LTk
EIEREERNE L TR CWA, SURET L E LCA~T Y v
AX—ET NV ENTN D, LURCHRFOMET O XA 77

6ul~ _

Frolal @

du; ou; _ 1 0P a
E-I‘Uja—xj—gi—;a—Xi-l-a—xj{Z(V-i-Vt)Sij} (@)

(w0

Sij 2 (aX}' + Bxi) (3)
v=pu/p Q)
ve = (Cs0)2[2S;;S;; )

2w P EEAEER Y BB LIRS TR OB RO (51
. pd6 LOWITEERE T-NOERNEE T L ORI T H
5. g XEINGEE, PIFESE SGS IEHDEITRGYOR, Clx
AT VAR, MIFEE VA R THD. ZNHEER
K175 ClEIE L, SMAC 5% IV CRIEIRE Y 21 To Q5.
72, BHHE/KEOZSLIE VOF ST LT 5.

AT Fig 1 1R X I NkEERE L CET /HMEL TR
D, ZHHORTREOMEBN MR L UTHIT L CD. REHTE
FTDWMIE, WFHOEBI T CRED IR O AHER Sy
ARG 2 B S T2 Z L TROTWS. £z, B8t
WHEOEPIESRIE L AR SR, Ly vaRy b, BRAT AL
—HAWTHT L QW D, ROk 2 SIS 7z,

3. DBA—BC ;ZMiEEE
(1) WIEIEED T L—LT—9 EFDRL
EERIETH D DBA ORI % Fig. 2 |9~ AWFIFHE
L, Fig2 EXO X 5 (22 MEsi AR THEIL, SHERSRERD
SIFIROD I 7 1 A(Processing Element (PE)) (ZEID 4T3, £
Tut AT 0y 7 EHETESLLHITLTEY, PBiEOR:
FAADAFFH L THD. Z LT DBA-B LTI o Afn7 1
v 7 OFBEARNT VARSI A X 512, F£72, DBA-BC &
S BISHEREZERT 2 X512, 7uy o7 akzx~0F|
DY TEBNZEFT TS, ZHUC LV EHEREROERFEE K 5
HOTHD.

(2) EELT—ROEYEL

Tuv 7L, Tuy ZEE (ib, jb, kb) TEFRSN, KT kA
IETOT vy 7 OE B THROT e 2R LTV, £
ORI 7 BRINTE ARy 7 ZAEHEL, Ry 7 ADE
Fnb LA TR ABNHY TS T 0 v s OID ZEBST 0D, B
N2 SB Y& PB IEDT 1 75 A FOFE N — T DEERIZ O

Copyright © 2018 by JSFM2

%32 ARERAEANFED VRO L
F11-4

Cubic computational domain block

Position of a block

MPI

Processing Element

eJep 300[q SULIO}S IO SOXOL

/

Dynamic block assignment to balance computation load among each
processing element.

Fig.2 Schematic diagram of DBA.
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(a) Before the dynamic load balance. (b) After the dynamic load balance.

Rectangles indicate computational times.
Different colors indicate different blocks.

Fig.3 Schematic diagram of computation time
before and after dynamic load balance
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(a) Blocks of the same processing
elsemnts are adjoining.

(b) Blocks of the same processing
elements are not adjoining.

Different color of blocks indicate different processing elements.

Fig.4 Communication patterns depending on the assignments
of blocks to processes.

Total number of boxes of the processes regarding the exchange: nboxshuffile.

L
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The maximum number of boxes
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Total number of blocks regarding the exchange idshuffle.

Fig. 5 Given condition for the block exchange.
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Before the block exchange algorism, the block computation times of each process
were measured. Then, the maximum block computation time among all processing
elements 7, was determined. The communication time 7 was also measured. The
criteria of the time tshuyfirle for the block exchange was substituted by 7+ 7,

do Loop of the number of the trial: 72,
nboxmaxtmp=nboxshuffule

do Loop of the total number of blocks regarding the exchange: idshuffle

nboxmaxltmp

[a]a]a]a][B[B] [B]clc]c]c]
12 nbox -~ nboxmaxtmp

nbox is a number that is chosen by using a
random number from 1 to nboxmaxtmp

Assign nboxth box from left blocks.
EmmcEE
Reassignment the number of the boxes
without the box chosen by nbox.

(Ala]a]a][B[B[B]clc]c]c]
12 nboxmaxtmp-1

substitute nboxmaxtmp-1 for nboxmaxtmp

enddo The end of idshuffiile loop

An example of a block assignment which is given
by the above idshuffle loop.

B|A|C|B|C!A|A|C!C!

1. Computing 7+ 7, based on this block assignment
2. Ifcomputed T+ 7, is less than tshuffle, tshuffle is substituted
by T+ T,, and the given block assignment is memorized as the

provisional assignment that is able to shorten the computation time.

enddo The end of n; loop

Fig. 6  Algorism that assign blocks to processes
to shorten computation time.
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Fig. 7 Initial condition of the gravel bed and water surface.

Table1  Simulation parameters.

pw : Density of water 1,000 kg/m3
pp : Density of particles 2,650 kg/m3
,uw : Fluid viscosity 89x10 Pa's
C: Smagorinsky constant 0.173

D : Particle size 200 mm

Af': Time step for the fluid simulation ~~~ 1.0x10° s

AL : Time step for the particle simulation ~ 4.0x 10 s

The number of gravels 30,000
The number of small spheres composing gravels 270,000
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Fig. 8 Initial assignments of blocks to processing elements.
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