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Sandy (D001 8) Typhoon Forecast and Analysis (Track and Intensity)
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ECMWFD & 7 R 8E{L ETIE

IFS model: current and planned model resolutions

IFS model Envisaged Grid point Time-step  Estimated
resolution Operational spacing (km) (seconds) number of
Implementation cores’
T1279 H2 2010 (L91) 16 600 1100
2012 (L137) 1600
T2047 H 2014-2015 10 450 6K
T3999 NH3 2020-2021 5 240 80K
T7999 NH 2025-2026 2.5 30-120 1-4M

1 - a gross estimate for the number of ‘Power7’ equivalent cores needed to achieve a 10 day
model forecast in under 1 hour (~240 FD/D), system size would normally be 10 times this number.

2 - Hydrostatic Dynamics

; 3 — Non-Hydrostatic Dynamics "
@ . ’ ’ C R EST é s
/,' - < ,'
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FHREHN pu, pv, pwW, pO,, p pu, pv, pW, 6, p

ZEfRIAE AL BIRIATEE BRENE

FFfEltE 0 iE Runge-Kutta 3™ Leapflog with time filter (long)
(long and short) Forward-backward (short)

iR SR I BRRE 2K (Koren, 1993) IKFEAR, SRE 2R +FERAHIE

EEE %R — R EEFE 2R / Map factor + 881 E /N1 Map factor + $RE/NA Tk
AN

BFIROHL Conservative Split-Explicit (Klemp et  Split-Explicit
al., 2007)

KMEDET Time-split Box-Lagrangian
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PBL_INI RAD_INI SURF_INI

GRID GRID GRID
PARM [CpaRV ] [C ARV ]
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MESA4T5") 2 AL=E R

| WA MEEH. BFE®R. 732 NIA-E2OEY L
call pp _phys const_set

call pbl grid set(nz, z_f)

call pbl option_ini(myn_ level 3)

call pbl parm ini(imp_rate = 1.0)

| &4} )L— T %0penMP T 511k
I$OMP PARALLEL DO
I$OMP PRIVATE(...)
do j =1, ny
doi=1, nx
do k = 1, nz )
| BESIDFEOBEARVENE M (factor: BENLFELGLE)
val 1d(k) = val 3d(k, i, j) / factor(k, i, J)
end do
| FiALIE
call pbl pre(val_1d, tmp_1d)
AR
call pbl run(val_1d, tmp_1d, tend_1d)
do k =1, nz )
| BESIDFEOHBARVEHRLEHR
tend(k, i, j) = tend_1d(k) * factor(k, i, j)
end do
end do
end do
I$OMP END PARALLEL DO
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asuca on GPU
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Our approach: GPU-based ASUCA

m Full GPU Application
m GPU-ASUCA is written from scratch in CUDA

For)an | C/Cpker | CUDA
P‘;“%g cit “O“e \ #1\’\C 3 1
. inl)
intedet 2(10) i b
O i it 340052105 3"
e\'\d do Y 2
g progre” A ¥ 18
en
eeladlr
v'Original code v'Reference for ; C“\";ZPU et
at JMA Implementation &
Performance

Element order of 3 dimensional arrays
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Performance of ASUCA on TSUBAME 2.0
14368 x 14284 x 48
2 103§ 53990 (57:.:7;0) GPUST 45,0 TFlops
= 102k GPU, single_precision
=, 76.1 TFlops
¥ 10'[L.GPVU, double precision.._.=.."
et = % ~ x50
4y} B s
E 1§ . ".- ¢ |
R L Y 10336X9988x 48
o 3 | At 3936 (41/x 96) GPUs
107
: *  CPU, double precision
1 10 100 1000 5000
, Number of GPUs / CPU cores
B Mountain Wave Test
= NVIDIA Tesla M2050 card / Intel Xeon X5670 2.93 GHz on TSUBAME 2.0 =2

3

e S5y o
A2 1T

T.Shimokawabe@Tokyo Tech IMA
32
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Real case of ASUCA operation
4792 x 4696 x 48 mesh (horizontal mesh resolution = 500 m)
437 GPUs on TSUBAME 2.0

(@\) . T.Shimokawabe@Tokyo Tech ;4 ,
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