gharaliel - el kst e A
A194A A 15 pp. 1~15, 20071 2¢

HE 292y A" 75 Y e awdgE
o183t 3l 2N
Setting Up of Parallel Cluster System and Reproduction of the Yellow Sea
Tidal Hydrodynamics Using a FEM Model
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Abstract : In this study 8 nodes parallel linux cluster system is constructed and tested for the evaluation of
computational efficiency and reliability of the Yellow Sea tidal hydrodynamics prior to compute storm surge
inundation along the west coast of the Korean Peninsular. Computational efficiency increases up to 7 times based
on NPB bench-marking test. Simulated results by pADCIRC on reproduction of the Yellow Sea tidal hydrody-
namics resemble well with previous studies. According to model parameter tests, bottom friction coefficient,
which should be appropriately represented shallow depth along the west coast, is essential factor in simulation.
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Fig. 1. Moore’s Law.
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Fig. 2. Schematic diagram of parallel cluster systems used in
this study.
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Table 1. Parallel cluster platform
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Table 2. Benchmark results of parallel system performance

LU Benchmark Completed.
Class = A

Size = 64x64x64

Iterations = 250

Time in seconds = 194.96
Total processes = 1
Compiled procs =1

Class = A

Size = 64x64x64

Iterations =250

Time in seconds =28.27
Total processes = 8

Compiled procs =8

Mop/s total = 611.89 Mop/s total =4219.99
Mop/s/process =611.89 Mop/s/process = 527.50
Operation type = floating point Operation type = floating point
Verification = SUCCESSFUL  Verification = SUCCESSFUL
Version =2.4 Version = 2.4

Compile date =17 Jul 2006 Compile date =17 Jul 2006
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Fig. 5. FEM meshes on the Yellow Sea and domain decomposition.
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Fig. 6. FEM meshes and depth along the Korean Peninsular.
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Table 3. Comparison of tidal amplitudes (cm) at reference stations shown in Fig. 8 according to bottom friction coeflicient formular

a b c d e f RMS error
observation value 215 112 294.9 226.4 224 136.2
" quadratic friction 187.3 97.7 281.9 2243 224 168.1 19
2 hybrid friction 187.3 97.7 281.9 2243 224 168.1 19
nodal friction 1924 101 2932 226.5 227.6 170.1 17.3
observation value 72 38 120.9 85.7 87 44.6
s quadratic friction 65.7 375 110.2 94 94 70 12.4
2 hybrid friction 65.7 375 1102 94 94 70 124
nodal friction 67.9 38.6 116.3 95.6 96.5 71 12.4
observation value 38 34 35 36.2 35 31.6
K quadratic friction 26.1 234 23.6 237 233 231 112
' hybrid friction 26.1 234 23.6 23.7 233 23.1 11.2
nodal friction 26.9 243 249 247 242 24 10.2
observation value 28 24 30.2 289 26 25
o quadratic friction 19.2 17.4 19.3 18.7 18.7 18.2 8.6
' hybrid friction 192 174 193 18.7 18.7 18.2 8.6
nodal friction 19.7 18 20.4 19.3 19.3 18.8 79
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Table 4. Comparison of tidal phases (degree) at reference stations shown in Fig. 8 according to bottom friction coefficient formular

a b c d e f RMS error
observation value 263 202 129.1 834 117 54.1
M quadratic friction 287.8 195.2 156.4 81.6 76.1 42 30.5
> hybrid friction 287.8 195.2 156.4 81.6 76.1 42 30.5
nodal friction 287.8 196.5 153.1 814 77.1 52 295
observation value 307 245 180.1 128.2 169 107.2
s quadratic friction 3514 2473 2242 138.9 133.6 555 36.4
2 hybrid friction 3514 2473 2242 1389 133.6 555 364
nodal friction 3522 249.5 221.0 138.9 135.2 56.9 354
observation value 336 315 297.9 274.1 297 261.8
B quadratic friction 3583 326.8 316.8 280.4 2785 2413 173
' hybrid friction 358.3 326.8 316.8 280.4 278.5 241.3 17.3
nodal friction 356.3 329.1 3176 2822 281.0 2435 16.6
observation value 299 266 270.5 240.3 259 227
0 quadratic friction 338.2 304.2 299.0 262.4 260.7 225.1 26.8
' hybrid friction 3382 304.2 299.0 2624 260.7 225.1 26.8
nodal friction 3402 306.2 2995 263.7 2629 226.9 28.0
F 5, 2001; #-&, 2005; Blain, 1995, 1997; Choi, 1989; S =gie] el
Le Fevre et al., 2000; Naimie et al., 1998)5°IA% pADCIRC 58-S o] g3t 3a)|o] 27 odya=E 4
fAkstch oY 2 FAAGA A WAl v Ao vl o] Slstel 19869 6le] el
Sote HivEAlTE WA TEA BERE A sk U5 Ans 7R 8 459 44 BHelMY &
5390l wEael AaE A =W EF oA Y Z$Z 2HAE(Choi, 1989)Z 7}X] 3L RMS @4}-2
MRAASL A s 5 Ak SALA WAl Asiol Table 59 Tabl 6ol A3
£ A WS o, ols 2Heluix g 241g A Fr42l A9 My P2 AEL 7 WFAR 4 omsec
oA AkstA RefsA] Fahy] wERl AR Alw o2l eAE ZHAIH, 94 20~26° HEo] @AkE H
A= It} S, w30 - ZF WEHE 2 em/sec ©Wf o] @b
24 SEolste] fg Rold & ) L BE 7t 7} Uehdon, 94k 300 AEe] 0k YERith K,
7o) 2 SRIEI S9dTE ERHE] Fig 9 = 40,9 735 U g AdEelM= 1 em/sec U9 @
A=), o= 7129 A A (A, 1999a, 1999b; 25 Yepl oy, v ek RS 2-3 cm/sec AR 2
# 5, 2001; # &, 2005; Kang et al., 2003)9} W] 2= 0] 0111} el S, U W3ko g 25-38°,
sfof FAkske] @3l Asflete] ZUAES F AR WFOR 5° Yo QA bkt ol J_@rvdﬁi
Il Sl Flo® FAEL Wl e M, S, w32 F 2y 01%2& 7122 A-(A, 1999a) E Choi(1989)°]
7] Q1A= Kang et al.(2003)7F 41(1999a)2] 1< ofFt fRxRE mEly Avjel FEE Zows
A FxF]o] FAK R o]FE FE AT vl gl PADCIRC B o] A3pr} s As)A] Sl o] 255 7
o, A BQU0S)S L AV ALF wae] s 238 ARS Qviweh
W glE S AAIS vk Utk Fig. 9ol AAE 2 ApA
oA REdF W AFF Ee FxH A= 7]EL 4.3 M2H2 gt=H| A 2 oI5 M AN A B3} off A
ATAINFH &, 2005; Kang et al., 2003)% #=% =} ARk WA ek o] NE] diat R ABFAR} s
H(China Ocean Press, 1992)¢} ¥ wsto] wafqte] H3 Adte] A AAAG )] vX= YIS AHET) $3 o)
s E3eE FaddolAe] FRAES v 2 A 9] A7, 2000; Choi, 2000, 2001; Kang et al., 2003)7}
st gl ZloE $AH S2ATF. Choi(2001)8] Aol M= Ak Arhe Ee
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Fig. 9. Computed tidal chart.

Table 5. Comparison of tidal currents for semi-diurnal constituents, A7, and S, in the Yellow Sea for fine grid system (Magnitude of
amplitudes are cm/sec, all phases are referenced to 135°E and observed meter data are from Choi, 1989)

Location My %
U component 'V component U component 'V component
Lon. Lat. Depth Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase

Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal
124°05.0' 36°56.9' 38 mmiddle 24 14 166 1421 59 53 294 2746 14 1 124 1247 39 34 259 258
124°34.9' 36°00.1' 4l mmiddle 15 1.7 241 2008 88 6.0 278 2562 09 12 190 1342 59 42 234 2346
124°44.3' 35°13.8' 70 m middle 24 15 148 157 104 72 273 2454 24 11 75 1276 73 54 232 2232
124°41.5" 34°18.1' 48 mmiddle 2.7 22 100 808 12.7 74 274 2468 27 20 63 6561 84 60 228 2256

RMS error 0.7 25.7 34 243 0.8 385 1.8 4.6
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Table 6. Comparison of tidal current of tidal currents for diurnal constituents, K, and O, for fine grid system

K, 9]
Locati 1 1
ocation U component 'V component U component V component
Lon. Lat. Depth Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase

Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal Obs Cal
124°05.0' 36°56.9' 38 m middle 24 14 166 142.1 59 53 294 2746 14 1 124 1247 39 34 259 258
124°34.9' 36°00.1' 4l mmiddle 1.5 1.7 241 2008 88 60 278 2562 09 12 190 1342 59 42 234 2346
124°44.3' 35°13.8' 70 m middle 24 1.5 148 157 104 72 273 2454 24 11 75 1276 73 54 232 2232
124°41.5" 34°18.1' 48 m middle 2.7 22 100 80.8 127 74 274 2468 27 20 63 6561 84 60 228 2256

RMS error 0.7 257 34 243 0.8 385 1.8 4.6
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Fig. 10. Tidal amplitudes difference of M, and S, due to Saemangeum tidal barrier construction.
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Fig. 11. Map showing references points for comparing Saemangeum effects.
Table 7. Tidal amplitudes changes of M, and S, due to Saemangeum tidal barrier construction
MZ SZ
St Amplitude (cm) Phase (deg) Amplitude (cm) Phase (deg)
After  Before Diff After  Before Diff After  Before Diff After  Before Diff
W1 119.8 119.5 0.3 68.3 69.1 -0.8 50.0 49.8 02 122.6 123.4 -0.8
w2 1375 137.6 0.1 68.1 69.0 -0.9 57.6 575 0.1 122.7 123.5 -0.8
W3 1556 156.1 -0.5 66.6 67.5 -0.9 65.3 65.5 -0.2 1214 122.3 -0.9
w4 1797 181.5 -1.8 66.1 673 -1.2 75.7 76.5 -0.8 121.4 122.7 -13
W5 1982 2019 -3.7 66.2 68.2 -2 83.5 852 -1.7 121.9 1242 2.3
N1 188.5 189.3 -0.8 50.2 50.8 -0.6 78.6 79.0 -0.4 106.6 107.3 -0.7
N2 191.0 1923 -1.3 575 583 -0.8 80.1 81.0 -0.9 113.3 1143 -1
N3 192.4 195.3 2.9 62.8 64.0 -1.2 81.0 824 -1.4 1184 119.8 -1.4
N4 199.9 202.4 225 71.2 73.0 -1.8 843 854 -1.1 127.1 129.2 2.1
N5 2083 209.8 -1.5 77.6 79.3 -1.7 87.9 88.4 -0.5 134.0 1359 -1.9
A sk nigmpRAls APdE 918k 24 50 m o8] AAA Wstol] v]R= FE= FF 24 d5ARY] F
e ol A wpEAleS 4lell et 0.0021~0.00230.5 7} Bk @ BAS 25l0] wr) Ak FEE Aol
YA Oz WA ROIFORM, B9} FEE
% 18 & stk ol B3 Baksh 2 B 3 A 6.4 =
sjejel $2ufe Hajelol i il whE mhabls A}
Bol MAAE AU & AE S ALY A ML o] EZAAT FAHE 9% 27) A7
v WERA QAR Q8 M2 Hd AEES 9em SAEM 8 node BlEA HE FelAE o 84T A1F
AEE, Choi(2001)7} AAI3E 20 cm A %] Wdlel= 3L Lolrgtth 2 AT FEHE HE FYAEE
\guE Aol & nolch ARrE WAL 2ol Fal = ool o] == AN e TR 7% S BEE B
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