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Abstract We parallelized WRF major physics routines for Nvidia GP-GPUs with CUDA
Fortran. GP-GPUs are originally designed for graphic processing, but show high performance
with low electricity for calculating numerical models. In the CUDA environment, a data domain
is allocated into thread blocks and threads in each thread block are computing in parallel. We
parallelized the WRF program to use of thread blocks efficiently. We validated the GP-GPU
program with the original CPU program, and the WRF model using GP-GPUs shows efficient

speedup.
Key words: WRF, GP-GPU, CUDA Fortran

1. M

rh

717 2 715 BYE A% SRS iR B2
ARRAE 23ebr] Wil AFH e @ Z2AME
AR Z el Wik AL AIZEE 83ste] ALt
S 2O o F AjZke] o] gt whebA
& ARES & e HEd
st 4= A= E HEZgIYoZ 1ol
ol gtk ey 9 WA= 531 7)) oo ==
A ZE F/3%E MPP (Massively Parallel Processors) 3
H o] WEAFE AN Z2AAN FE sl 45S
Eoledl, o] e Holy Azl g dgAe] 52
FAAES 7 A ol Al & ¢ U= HH
o8 Az Fxo| ZRAMES 2 Il AR st
of Z&AoR AL £ Ade 2y A AR

*Corresponding Author: Youngtae Kim, Department of
Computer Science & Engineering, Gangneung-Wonju National
University, 150 Heungup Namwonno, Wonju 220-711, Korea.
Phone : +82-33-760-8667, Fax : +82-33-760-8661

E-mail : ykim@gwnu.ac.kr

231

GPU (Graphic Processing Unit)E U4t A4tol] g8
%= & GP-GPU (General Purpose GPU)7} =& %
I& AL FAZ FEE AL Q) (Top 500 super-
computer sites, 2009). tH¥E 4 2T 7= A=A 5
©] skl NvidiaolA= W2 A £74<¢1 CUDA
(Computer Unified Device Architecture)e #|-&-5IL U
o 22" deJZ& CUDA C, CUDA Fortran,
OpenCL 5°] 2t} (NVIDIA Corporation, 2012; The
Portland Group, 2012). CUDA 37 oM+ IZE=E
GPU°|| wjX|sld SIMT (Single Instruction Multiple
Threads) $14HE Fa et WA 024 Aso] FHolut
Ak Z2AA ] 7]Hke] thE 7] wjFe] 7]Ee] 22
IS GP-GPU TR O ThA] Faafof i}
WRF (Weather Research Forecast) 22 A A& <
2 7P Bol AMEEE U871 REY F9 shielH,
e Q1 9 A%els o one flsd 1o
WE AALS FQF 3t} (Michalakes et al., 2004;
Michalakes et al., 2008). WRF ZZ1#2 EAl 4l
TR WEXEgEdA Aol 7heEi, AF
&0 E274 WSM57 CUDA CRIolE AH&-3te
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TF&ol & u} k. & AFor= WRF e 2
=2 F vAlERIHE (WSM6, WDM6), 737A1=
274 (YSUPBL), BAME2]34 (RRTMG)# A E &
2]34 (SFCLAY) 5= CUDA Fortran $101& AME-
sto] FHEEGon, o] MEZ R IWLe GP-GPUY] Al
AHS CPUSE S oz AXe = e W o g
zdo] o] AI7E G830 7 YUEAA Tk B o
Tol|Al AME-3l= Fortran €10+ Portland Groupol| 4]
7123k CUDA Fortrans AFE3I o Axtdz) 4
S Edle] 7|&e 2o} 338 7FA 3L Nvidia
GP-GPUIIA AdE 4= =5 s19lom &5 o] W
28 g2 1 rde o= &89 4 Qrh

B E=E 24 ME GP-GPUIA A3 7153
WRF &3] #%4¢] CUDA Fortran ZZ 138 2] 30|
st A8 Aieit) 18] 33e)4= CUDA =
23S GP-GPU A4t 830 S AFstL
4o E AES AN BT

2. GP-GPU HE==23o| 75

o] ZoA= GP-GPU2| +% % CUDA Fortran
2o 7|E JY S Yol WRF Eg|33 Z=2
a3 e] GP-GPU W Eslol| disted Awsic)

2.1. GP-GPU2| #+= % CUDA Fortran =21
ol 7|8 7=

GP-GPU= ARt =r(ZE] =) 7138 Ab=<l
Y=gl AZH2EE E5)2 Wral Wreldd
o] T FEg shbe] 2= EF0] FAl W
g2 AkslE FElEA SIMT (Single Instruction Mul-
tiple Thread)2}aZ ¥t} (NVIDIA Corporation, 2012).
Fig. 12 28]=9} 8= B29] A4S Ho F&0
2G5 E52 ol AEEHQE AR A
Absh o] BhE-2 FA|A O 2 o] FolXIT} (Shin ef al,
2011).
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Fig. 1. A grid and a thread block on a GP-GPU.
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So] WER Al AAks] f18 ABEEARlS
Ao}, Egk [dA 2rQlS AXtelr] 918 28 =
£59] A8l W2 FA|H 07 o] FojR]7] Wi
of o] HHER- AA HLE FE (1) 234 P29 2
= 855 AHEE GP-GPU Al F=9] 7|24l
Hefoltt. 2ol blockDim, blockldxS} threadldx
= CUDAdA AlFsh= Al Hgrolm o] MEbE
2 At e odlx ¢} i wrelo el Azt ¢
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subroutine wdmé_gpu_kernell..)

/ = (blockldx%x-1)*blockDim%x + threadldx%x
J = (blockldx%y-1)*blockDim%y + threadldx%y
if ((ige.its).and.(ile.ite).and.((j.ge jts).and. (j.lejte)) then
do k=kts kte
data(ikj)=...
enddo
endif
end subroutine wsdé_gpu_kernel
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Fig. 2. Domain decomposition on a thread block.
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2.2. GP-GPU H|Z2|o| Al2
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2.2.1. GP-GPU W$¢] &3

Tl o] FFES AL S HlE BMFE
A A et A9 W2 FHEET CUDA Fortran
ANME 4 oA 7HaAd Z71E AT & de=
Ao M (automatic array)S A FSHA] ¢F7] wjio|
A Ao X WMEE 15 2] 27 F
Ao g gdste] ALt

2.2.2. Fortran & ©|o|g|g] Al

WRFS] 9% Eg)zg¢] Z2 a3 o)A E Fortan90
ol F2 7159 el RES AFESle] Hxo WS
E5 z7)8lelaL o] % o]5S ARSI e BE
< oM o] =24 ARE-3HC} (The Portland Group,
2012). CUDA Fortran®| A& o]&] 3l ¥H2]S x5}
271 Wil use & AHE-S] CPU I=oA 27]
of Zdst BE ©|o|E]E GP-GPUS HEZ|Z EA}
slo] ALgEITH FE (2)E CUDA =9 o 24, &
E rriw wondll A= B ng® nspas FL 0] 59
GP-GPU W< ng, nspa®t 23171 918t ng hst
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=

CUDA Fortranol| A& T3 vjd HEE 27]314]7)
= data & AHEE 5 g17] wie] CPU FEojA]
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GP-GPUANA & BRE 2AH =7t FAld F48t= |
222l global WlEz2]ol| =Wl HEES A5l A}
43} (NVIDIA Corporation, 2012). wWehA] 2 A3+
oA F&3 WRFe 7He £33 ZzagoMe W
A CPUAIA AMg-3H= HEE2 global W0l U&=
A W4 BARE & GP-GPUOA] AXYslr 2 4
= thA] CPUY WFE EaAlgth GP-GPU H &g
o] A e Z2 o] 27| o7 sy
ZRI A 2 o]F2] W o] CPUS GP-GPU
o FAlol EA57] wWliEel GP-GPUS| W ¥HgTE-2
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p8w_d= GP-GPUOIA 2] WFR o™ GP-GPU kerkel
o] 3& A5 CPUSt GP-GPU Zbol| zhzh Ae
(EAHE 3t} o] GP-GPU HFES 2] mj7j eSS
%3} GP-GPU kernel &<l Mggto 24 sk 1
AAME= dH: ] HFH emissSt pSws AHEE = 3

A ot

emiss_d = emiss

p8w._d = p8w

call rrtmg_Iwrad_gpu_kernel< < <dimGrid, dimBlock>>> &

(emiss_d, p8w._d, ...)

emiss = emiss_d (3)
p8w = p8w._d

attributes(global) subroutine rritmg_Iwrad_gpu_kernel(emiss, p8w, ...)

end subroutine rrtmg_Ilwrad_gpu_kernel
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CUDA kemel g oA Abgdte AgHT=
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ol 2 2 s ARt AYPHEE S5
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71w =HQlE UERl= Q19 ae YIAINE kemnel
FrolMe ddart 3] #Hrh Z= (4= GP-
GPUSIM AAHFE AHgshs A=9] oot o
F=A device T inatm_sw_gpu()ol X L= 22+
o2 MAA"E W play} plevis Z710 421 A
WEEA 3L 513l kernel FolA Wiz SR A
g uf 7F ApellA] FH 23D ALl U A 2
A =W play(1,1,ij), plev(l, 1ij)Z Agste] Ab
&3},

real, dimension(;.;.;.), ALLOCATABLE, DEVICE : play, plev

call inatm_sw._gpu(.., play(1,1,ij), plev(1,1,j)...)

4
attributes(device) subroutine inatm_sw._gpu(.., play, plev....) “)
real(kind=rb), intent(in) :: play(ncolnlay)
real(kind=rb), intent(in) :: plev(ncolnlay+1)

2.3. CUDA Fortran=212{9| 8

o] HoxlE 714 WRF 8|34 ZEa¥e) ¢
ZEZ CUDA Fortran Z2 23] %2 #3lsl= vt
21 thatel 1m gk,
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do k = kts, kte do k = kts, kte
do i = its, ite do j = jts, jte
cpm(ik) = comcal(q(ik) do i = its, ite
xI(k) = xlcal(t(ik)) com(ikyj) = cpmcal(q(ik,)
enddo xl(ik)) = xlcal(t(iky)
enddo enddo
do k = kts, kte enddo
do i = its, ite enddo
delz tmp(ik) = delz(ik) do k = kts, kte (5)
den_tmp(ik) = den(ijk) doj = jts, jte
enddo do i = its, ite
enddo delz_tmp(ikj) = delz(jky)
den_tmp(ik)) = den(iky)
enddo
enddo
enddo

2.3.2. % YHE-E9] 24|

2.1 480014 Adwg gt nke} 7Ho] GP-GPUCIA & 23 =
E2o] AAlsls vtEEe B9 5l7] wjEo T2
oAM= 3 kel vhE2-e AA S sS4 dd) w
2 GP-GPU ZEa#lo| e 43 wWake] i loopt
j_loopE A&k WHE-Euk Ex)lA "ol 2= (6)Q
QEZ JFti= GP-GPU A F=9| duta9l ejolo,

do k = kts, kte do k = kts, kte

do i = its, ite com(ikj) = comeal(qlik)
com(ikj) = comcal(q(iky) xl(,kj) = xlcal(t(ik)

Xl kj) = xlcal(t(i k) enddo

enddo

enddo do k = kts, kte 6
do k = kts, kte delz_tmp(ikj) = delz(jk))
do i = its, ite den_tmp(ikyj) = den(iky)
delz_tmp(ikj) = delz(ikj) enddo

den_tmp(ikyj) = den(iky) enddo

enddo

enddo
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Table 1. System Specification.

CPU Intel Xeon E5405 (2.0GHz)
GP-GPU Tesla C1060 (1.3.GHz)
Global memory 4G Bytes
#Multiprocessors 30
#Cores 240
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s Al AR A=l 9] AR Table 139+ 2
T} GP-GPUE 4G bytes®] "l 22| &% 7k Tesla
C1060S AHE-3}R 2™ o] GP-GPUE PCI express &
& AREste] AlAE o] Ag=te] Hof gt

3.2. GP-GPUOIM WRF 22|21 Z2 889 M&

CPU®} GP-GPUE A8 th2 AAFEA]o]7] wfiEol
&2 vaE & 9= gAY GP-GPUY 52 ¢
olr 7] 93t F X9 Ad5& v Fig. 3=
7t 8] FA 2 GP-GPU A A7+ CPU Z=9] 4
YA 17 v wEIAT ARSE THRle] F7)= 71x61x27
ol A3 A|7FE milli-secondsS AFEEFHTE Y
XE BE GP-GPU ET7} CPU ZE9 HEl] 4-5
Hj o]4te] Hojd A5S Hole & & 4 9t} o]
52 oJu] CUDA C o]2 +8E WRFS =83
A FElel wWSMsel Blwate] FARE A5 Yo
2 GPUE AHg3l7] f1g Z=9] HZ 3t 5o 9
T} Rt} (Michalakes et al., 2008).
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Fig. 3. Performance of WRF physics routines.
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