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Parallel Procedure and Evaluation of Parallel Performance
of Impact Simulation Based on Two-Step Eulerian Scheme

Paik, Seung-Hoon, Kim, Seung-Jo and Lee, Minhyung

Key Words: Parallel Computing(8#% 7Al4}), Lagrangian Scheme(E}13%|¢t 71%9), Two-Step
Eulerian Scheme(2THA] 2.2 E]¢k 71H), Remap(A ¥l =)

Abstract

Parallel procedure and performance of two-step Eulerian code have not been reported sufficiently yet even
though it was developed and utilized widely in the impact simulation. In this study, parallel strategy of two-step
Eulerian code was proposed and described in detail. The performance was evaluated in the self-made linux
cluster computer. Compared with commercial code, a relatively good performance is achieved. Through the
performance evaluation of each computation stage, remap is turned out to be the most time consuming part
among the other part such as FE processing, communication, time marching etc.
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Fig. 1(a) Communication of cell centered value

Fig. 1(b) Cell structure after communication of cell
centered value
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Fig. 2(a) Simulation results using IPSAP/Explicit at
0, 80us
(Right)

: Lagrangian (Left), Eulerian

Fig. 2(b) Simulation result using LS-DYNA at 80
us : Lagrangian (Left), Eulerian (Right)

sz .oy

& Lagrangian %= Z 79}, Eulerian = 2
#}Z Table 29+ Fig. 201 LS-DYNA Y9 ZAzjo}
g7 wastel e WP Y Ayt

2 933 9

44 HE 45 21t

Eulerian =9 ZZo| AFSEHJUH Alzbgt
3R FE oA & ¥HE A5 A
\:]_ DE“_4 si/w \:n 3_7] ,\q;q %‘%—}—‘,\—E
S8 FAE, oy dyR Zdd o
da&s Husl7] 98 8ANFE L ), K
oz z+zh 102471, 207Y, 20/ & Z7hAZ )
A 84 FE 409,600, B F£E 452,025, AFE
FE 1,356,075 ot} AXFTE AL 10 pus7A
Atk GHESRS FAFE dAHSA A3
& Fewgdoggt 23314 647] Xeon 2.2
Ghz CPU®IA] 2CPU/NodeZ A-&st%ith.

Table 39 CPU Z7lo w& z A4l RE
A zZF ¥)FS vlwElA Tt Remap BAI7E 4122
74 2gstd AA ARz 90% 7lrke] A

"
= o o o
rzi ot oF rlo 38 Lo

ot

Lo

1'6]'51 AES & = Yt 9] H"?—«] AL Az

< Hg Sole o] AN Tahd HHFE F
PLKT} 8R]lo] Hu, AAN HHEE& EE??} Remap 7t
Ao #H¥ass etz ¥Ed 45dde
HA8lA = Remap ©AIS HEEE 2 FAALE
HA3 e ) 7&7\10‘3} g 4 Ao BN
e WHEE 49 A A ZEAXMTE B
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Table 2 Comparison of deformation results
between the pure Lagrangian and
Two-step Eulerian codes for
IPSAP/Explicit and LS/DYNA

IPSAP/Explicit LS-DYNA
value Lag Eul Lag Eul

Deformed

Length (mm) 219 21.5 21.8 21.0
Width (mm) 6.12 6.1 6.0 5.6
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Table 5ol WHE FANA AL Al 2nE
LS-DYNAY} H| &} LS-DYNAS Z¢, 84
A gt olF AldlE IPSAP/Explicit} FYU5HA
donor cell 719& A&l a8y AH &= 9
5 Ao, IPSAP/Explicit o] A-4¥ SALE 7|¥
& AFslA geormz dil 13 HEE9 HIS
71 g9e A&

IPSAP/Explicit M= & 2=1571 1,5000) Y
$t3, LS-DYNAS 2% 1,505 7} Ugtth & 3=
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2 H71E 98l Elapsed TimeS F (459 A
Zh2®42 UF Grind time 22 Speed-Up2 Yl
W3lH ). Grind timee LS-DYNAS A% ‘clock
time per cycle’ °l S1F 3t} Grind time¥} elapsed
time & ‘d3hsp* FHYNA A FEHE ‘clock time
per cycle’ I ‘Total clock time’llA] ‘initialization
time'& A|9}dta &3ttt LS-DYNAY #H ¢
27134172 10% 1]gho] 1L, IPSAP/Explicits ©]
Bt} &4 At} IPSAP/Explicit®] double precision
o]Z.2 LS-DYNA double precision® H| 3} T}.

Speed-Up2 4 CPU 7A& LS-DYNAV} =&
Z7 vehyg o B 28 CPUE A8 8 A&
IPSAP/Explicite] B U2 HF& Boji o) A}
4 Crurt FUMETFE WE ATl FoiAe A
2 Lagrangian T oA 9} FAME 4 o},

Elapsed timeg 2™ IPSAP/Explicite] 2~3 Hj
A% A Yo gt dumaEol M3 FA
Hojgo et AgAY T2aA7 Jge wet
At dze] Apol7t BT F 92w, LS-DYNA
o] ALE FA HoAJAE ¥t owk F57),
LS-DYNAS Z$ A4t cost7 Adid oz v
HIS7| ¥ 2 A&3tx
(Multi-material) & ©F7] w&ol, At F 4 F
Majer & W awE FEA @
IPSAP/Explicite] 2% dAA7A€ 422
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Table 3 Elapsed time and communication time of

Lagrangian and f(emap steps

N Lagrangian step  Remap step

C Internal Time Total
Internal oo Remap Elapsed

P Force Remap Integ. :
Force Comm. Time

U Comm.

1 3.230e+02 0.0 4.062¢+03 0.0 3.257et02  4.666¢+03
2 1.957e+02  6.773e-01  3.034e+03  4.408e+01  3.482e+02  3.589¢+03
4 1.056¢+02  1.191e+00  1.502e+03  5.873¢+01  1.842e+02  1.804¢+03
8 6.301et01  1.381e+00 6.829¢+02 6.038¢+01  1.046e+02  8.591e+02
16 3.899e+01 1.505¢+00 3.555e+02 5.639¢+01  6.226e+01  4.630e+02
32 26256401 1.642e+00 2.172¢+02 5.762e+01  4.103e+01  2.902¢+02

64 1.910e+01 1.820e+00 1282e+02 5.736e+01  3.010e+01  1.840e+02

Table 4 Speed-Up of Internal force and Remap

Lag. step Remap step

NCPU Int. Force Remap Total
1 1.00 1.00 1.00

2 1.65 1.34 130

4 3.06 270 258

8 5.13 595 542

16 8.28 114 10.1
32 123 18.7 16.1
64 169 31.7 253

Table 5 Comparison of Elapsed time and speed-up
between IPSAP/Explicit and LS-DYNA for
Eulerian Scheme

N IPSAP/Explicit LS-DYNA_double
C Speed Speed
P Elapsed  Grind Time Up Elapsed  Grind Time Up
U Time (sec) {nsec)* {grind  Time (sec) (nsec)* {grind
time) time)
1 4666e+03  7584e+03 100 76%e+03 122204 1.00
2 358%+03 5.842+03 1.30 5240e+03  8171e+03 150
4 1804e+03  2.936e+03 258 2533e+04  3.887e+03 314
8  85%6e+(2  1.399e+03 542 1722404 2.606e+03 469

16 4630e+02  7.536e+02 101
2902e+02  4.723¢+02 16.1
64 1840e+02 29%et02 2563

1343e+03  1988+03 615
6956e+02  9.387e+02 130
5610e+02  7.048e+02 173

&

* clock time per zone cycle

void Th& 7HA87) wjEe] 1 vhE A2sor &
Rp7h 2
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