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Development of low-power GPU-based next-generation weather prediction code
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Numerical weather prediction is one of the major applications in high-performance
computing and is accelerated on recent GPU supercomputers. Skillful programming techniques are required
for obtaining good parallel efficiency on these supercomputers. To apply these complicated optimizations
to various mesh-based applications easily, we have developed a high-productivity and high-portability
framework for multi-GPU computation of mesh-based applications. By using this framework, the programmer
can write user code just in a standard language and generate program code optimized for the GPU
supercomputers. We have implemented the weather prediction code ASUCA on a multi-GPU platform by using
this proposed framework; ASUCA is a high-resolution meso-scale atmospheric model being developed by the
Japan Meteorological Agency. The framework-based ASUCA performed on TSUBAME2.5 supercomputer at Tokyo
Institute of Technology has achieved high-resolution simulation results with high performance.
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struct Diffusion3d {
__host__ __device__
void operator()(const ArrayIndex3D &idx,
float ce, float cw, float cn, float cs,
float ct, float cb, float cc,
const float *f, float *xfn) {
fnlidx.ix()] =
coxf[idx.ix()]
+ cexf[idx.ix<1,0,0>()] + cwkf[idx.ix<-1,0,0>()]
+ cnxf[idx.ix<0,1,0>()] + csxf[idx.ix<0,-1,0>()]
+ ctkf[idx.1ix<0,0,1>()] + cbxf[idx.ix<0,0,-1>()];
+
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Loop3D loop3d(nx+2xmgnx, mgnx, mgnx,
ny+2*mgny, mgny, mgny,
nz+2*mgnz, mgnz, mgnz);

loop3d.run(Diffusion3d(), ce, cw, cn, cs,
ct, cb, cc, f, fn);
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BoundaryExchange xexchange = domain.exchange();

exchange—>append(arrayl);

exchange—>append(array2);

exchange—>append(array3);
exchange->transfer();

domain X7 7 A Domain ®A 7V =/ R T,
A A X BB — B S EARRFL
TW5, 7 7 X BoundaryExchange {3, Domain
EHMRT 5 L CHEAEMRERY A X% &2 TG
LTWo, ZhbDfEHREMWD Z & T,
exchange->append() T % §% & 1L 7= &
arrayl, array2, array3 2 B§ L T
exchange—>transfer () CEE R FHE 2 #5169
%, ZOBENT, OpenMP, MPT % f\V 7ziix
EN TS,

Whole domain

Decomposed subdomains
1 Decomposition

il ’ H N H
, GFUGPUGPU
I’ "
' ]

[
IIIIIII\

[

Boundary exchange

X1 B GPUIC K DKF ISV -FA



® WELHEOA—N—F v TRk

RBUEEHE CTIX, GPU M oidfE REM 1T 4%
TR L TR TE 20, BEa A M &
HECTEK T A —N"—TF v 7 FEOEA
RBUEFHREICB T A MM Bk - TH
glhd,

KT VL—=LU—=71F, B—NVHENLD
F—=R=T v T FEERMET 5, ZOFIEIL
b LMBEENTOT — & OIFEAFMEZF]
HT 2%, H5EHOENENOERITM O
FOFHR EMNLITFH A TE S729D.1 DD GPU
IATH D B IR A A T SR & AR D o
DFIRIC A EI LT, MNZICEET 5 Z &3 H]
BEBThbH, M2IZA— =T v T FEOHE
xR, A—=N"—=F v T FETE, Fb
T OF 2 B L. 2 & RN (85 S I
DRI HERT —Z 2R T 572D D@
FEATH, BENKT Lk, BEREROG
BEITH, THITE - T, BEDORIKEIT O,

K7L —AU—7Tlix, =2—HFa—KichH
—XNVBENZ L DA —N—T v SR A
M+ 57292, 7 F A CompCommBinder % 2
g2, ZnEH, IEEGHR TIX. RO X
INCA—=N=T v T FREETIBRTE 5,
BoundaryExchange *xexchange = domain.exchange();
exchange->append(f);

CompCommBinder<Loop3D> ccbhinder(exchange);
ccbinder.set_post_func(&loop,

create_funcholder<Loop3D>(Diffusion3d(),
ce, cw, cn, ¢cs ,ct, cb, cc, f, fn));

ccbinder.set_use_overlapping();
ccbinder.run();
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