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Performance Improvement of Computing Time of 2 Dimensional Finite
Volume Model using MPI
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Abstract

In this study, two dimensional finite volume model was parallelized to improve computing time, which has
been developed to be able to apply for the mixed meshes of triangle and quadrilateral. MPI scheme which
is free from limitation of the number of cores was applied, and non-blocking point-to—point communication
was used for fluxes and time steps calculation domain. The developed model is applied to analyze dam
break in a L-shaped experimental channel with 90° bend and Malpasset dam breach event to calibrate the
consistency between parallelized model and existing model and examine the speed-up and efficiency of
computing time. Computational speed-up about the size of the input data was considered by simulating
4 cases classified by the number of meshes, Consequently, the simulation results reached a satisfactory
accuracy compared to measured data and the results from existing model, and achieved more than 3 times
benefit of computational speed-up against computing time of existing model. Simulation results of 3 cases
classified by the size of input data lead us to the conclusion that it is important to use proper size of input
data and the number of process in order to minimize the communication overhead.
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Fig. 6. Comparison of Numerical and Measured Data for Wet Bed Case

Table 1. Comparison of Parallel and Original Simulation Result for Wet Bed Case

Gl G2 G3 G4 G5 G6
RMSE 0.0004 0.0000 0.0006 0.0007 0.0012 0.0025
CcC 1.0000 1.0000 0.9996 0.9997 0.9977 0.9919
NSE 1.0000 1.0000 0.9999 0.9998 0.9989 0.9949
MAD 0.0003 0.0000 0.0004 0.0005 0.0009 0.0019
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Fig. 7. Comparison of Numerical and Measured Data for Dry Bed Case

606




Table 3. Comparison of Parallel and Original Simulation Result for Dry Bed Case

G1 G2 G3 G4 G5 G6
RMSE 0.0013 0.0002 0.0051 0.0055 0.0036 0.0115
CC 0.9998 1.0000 0.9712 0.9842 0.9808 0.9650
NSE 0.9997 1.0000 0.9982 0.9936 0.9976 0.9667
MAD 0.0009 0.0001 0.0017 0.0021 0.0022 0.0034
Table 4. Comparison of Simulation Result and Measured Data for Dry Bed Case
G1 G2 G3
Original Parallel Original Parallel Original Parallel
RMSE 0.0035 0.0038 0.0144 0.0144 0.0088 0.0061
CC 0.9982 0.9986 0.5897 0.5895 0.9232 0.9605
NSE 0.9991 0.9989 0.9661 0.9660 0.9882 0.9941
MAD 0.0027 0.0031 0.0102 0.0102 0.0049 0.0040
G4 G5 G6
Original Parallel Original Parallel Original Parallel
RMSE 0.0104 0.0078 0.0152 0.0144 0.0064 0.0043
CC 0.9411 0.9668 0.7842 0.8682 0.9248 0.9634
NSEC 0.9741 0.9853 0.8175 0.8413 0.9737 0.9872
MAD 0.0063 0.0053 0.0145 0.0134 0.0037 0.0034
o) ool o 2 JFL MAS FAF & grk o= 7
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4319131, Intel Compiler 11. 0«] 744‘” 2] ¢} MPICH-22
MPL9] A4S 913 glo|H ]2 o] g3}

WdstE 2o ALAITe tig MAAEE =
71§18 7Hg wol A& de AxSQ A
(Speed-up) 9} &4 (Efficiency)S A8tk Asd
e ZEago] o] Fafa R iy vlws) g
Ao Juh} ] 4450 5“0}%?\%7}—2‘ watr] $13k A
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Table 5. Simulation Result according to Number of Process for Wet Bed Case

Number of Process Program Run Time (sec) Speed—up Efficiency
1 37.009 1.000 1.000
2 20.086 1.843 0.921
3 1457 2.540 0.847
4 11.69 3.166 0.791
5 14.681 2.521 0.504
6 13.245 2.794 0.466
7 12.547 2.950 0.421
8 12.602 2.937 0.367

Table 6. Simulation Result according to Number of Process for Dry Bed Case

Number of Process Program Run Time (sec) Speed—up Efficiency
1 36.184 1.000 1.000
2 19.934 1.815 0.908
3 14.364 2.519 0.840
4 11.665 3.102 0.775
5 14.291 2.532 0.506
6 13.067 2.769 0.462
7 12.527 2.888 0.413
8 12.766 2.834 0.354
4 12 4 12
1 E—E—F1 speed-up || 1 B—E—E speed-up |
] 3 i [7?2??:;2 A ] s ﬁi'ﬁi“??;’e i
3 S:MN;ZL o ﬁ;\ ————" 09 3 :1\1% o5 p§ P R — 09
a 1 EE 25 521 L = a 1 22s 2.51 0775WE L =
7 ] | [ Ed 7 ] E]
B2 o 06 g B2 g 06 o
[ 4 304 L 3 (7] 506 3
(% 20.09 2 0421 [ < % ] 19.93 2 0413 <
1 4 57 1468 434 12,55 1036; [ 0.3 1 i i 1436 1429 4307 455 113; [ 0.3
o T T T T o 0 T T T T 0
0 2 4 6 8 0 2 4 6 8
Number of Process(n) Number of Process(n)
(a) Wet Bed Case (b) Dry Bed Case

Fig. 8. Simulation Result by Number of Process
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= A 9 A E e s AxE A, | A = CADAM®] 97 (Soares-Frazao and Zech, 1999)o1| 4]
omyE B FFl ANEE ARPE oEAEE AN 0039 UV 2hoz TS neHd
Azfe] @A77 AA Z7lE S FAsHI T 2 Casedll (Valiani et al., 2002, Yoon and Kang, 2004; Brufau et al.,
et AR} =40 8] A WA tiglk AbA 2004; Liang et al.,, 2007, Kim et al., 2011).
ARZE Table 71 AASFATE Fig. 100l ¥ A28 o5 R HU59E 9%
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5 3l AHTRE AAFRTeRE agsiglon, 2RAT o] & Aol o) 7t A Hol A Alrke Her9l= 7t
Table 7. Information of Cells and Nodes in each Case
Case 1 Case 2 Case 3 Case 4
Number of Cells 5,091 9,962 14,925 20,012
Number of Nodes 4,341 8,419 12,610 16,780
Average Cell Area(10°m?) 12.525 8.658 7.023 6.395
Maximum Cell Area(10°m?) 82.390 75.716 65.771 48811
Minimum Cell Area(10°m?) 0.868 0.700 0.548 0.443
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Fig. 10. Comparison Between Measured Data and Numerical Results in each Case
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Table 8. Computing Time in each Case
Mg o - - Case 1 - - Case 2
Process ’ﬁr:lniu(kllr;)g Speed-up Efficiency ,Errnniu(;lr;)g Speed-up Efficiency

1 2.416 1.000 1.000 4.894 1.000 1.000

2 1.325 1.823 0.912 2.746 1.782 0.891

3 0.968 2.495 0.832 1.992 2.457 0.819

4 0.789 3.062 0.765 1.794 2.729 0.682

5 1.035 2.334 0.467 2.344 2.088 0.418

6 0.962 2.510 0.418 2.501 1.957 0.326

7 1.005 2.404 0.343 2.829 1.730 0.247

8 1.236 1.954 0.244 4.199 1.166 0.146

Nsmiba o . Case 3 . Case 4
Process CT(‘)lrrrrllzu(tﬁrrl)g Speed-up Efficiency (Elgrrrlniu(tlirrl)g Speed-up Efficiency

1 7.227 1.000 1.000 9.250 1.000 1.000

2 4.049 1.785 0.892 5.335 1.734 0.867

3 3.182 2.272 0.757 4.404 2.100 0.700

4 3.207 2.253 0.563 4.447 2.080 0.520

5 4117 1.756 0.351 5.716 1.618 0.324

6 5.145 1.405 0.234 6.641 1.393 0.232

7 5.286 1.367 0.195 6.914 1.338 0.191

8 6.427 1.124 0.141 7.646 1.210 0.151
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