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Abstract GRAPES(Global and Regional Assimilation and Prediction System) is a new generation of numerical weather
prediction(NWP) system of China, As the system processes amount of data and requires high real-time, it is always a
hot research field of parallel computing. This is the first time that we use GPU(Graphics Processor Unit) general-pur-
pose computing and CUDA technology on RRTM (Rapid Radiative transfer model) long-wave radiation module of
GRAPES_Meso model for parallel processing. Based on the analysis of computing performance, and according to the
characteristics of the GPU architecture, the RRTM module parallel computational efficiency was optimized from the as-
pect of code tuning, memory, compiler options and etc, The optimization results indicate that the performance obtains a

speedup of 14. 3X. Experiments were carried out on the GPU platform. The results show that the parallel computing al-
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gorithm is correct,stable and efficient for operational implementation of GRAPES in near future,
Keywords GPU,CUDA, GRAPES system, RRTM, Parallel computing
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warp W RHESX .

A 3 Fis, BRM taughl0O ) CUDA Fortran JRAAY;
PR ARHSAE, RS- MRET R =Mk E
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blockDim % y+ threadldx% y 24> H3k B /K FEMEE LM
kR, BERBRPHARLEEN i BB ARRRKY
B ARBRR— A LM, BB R R 4 X A RIRE
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if(idxy <= nxy) then ,
if(lay <= laytrop(idxy)) then
ind0 = ((jp(idxy, lay)-1) * 5+ (jt(idxy,lay) —1)) * nspa_d
10y + 1
indl = (p(idxy, lay) * 5+ (jt1 (idxy,lay) —1)) % nspa_d(10) + 1
do ig = 1,ngl0
taug(idxy, ngs9+ig,lay) = colhZo(idxy,lay) » &
(fac00(idxy,lay) * absal0_d(ind0,ig) + &
facl0(idxy,lay) # absalo_d(ind0+1,ig) + &
fac01(idxy,lay) * absal0_d(indl,ig) + &
facll(idxy,lay) * absal0_d(ind1+1,ig))
pfrac(idxy,ngs9+ig,lay) = fracrefacl0_d(ig)
enddo
else if(lay <{== nlayers) then
ind0 = ((jp(idxy,lay) —13) * 54 (jt(idxy,lay) —1)) *
nspb_d(10) + 1
indl =((pQidxy,lay)—12) * 5+ (jtl(idxy,lay) —1)) *
nspb_d(10)+ 1
do ig = 1,ngl0
taug (idxy, ngs9+ig,lay) = colh2o(idxy,lay) * &
(fac00(idxy,lay) * absbl0_d(ind0,ig) + &
facl0(idxy,lay) * absbl0_d(indo+1,ig) + &
fac01(idxy,lay) * absbl0_d(indl,ig) + &
facl1(idxy,lay) * absb10_d(ind1+1,ig))
pfrac(idxy,ngs9—+ig,lay) = fracrefbcl0_d(ig)
enddo
endif
endif
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MHE MBS RNEEFHEROUELM AT L
AT HBARN—d., ARBERNBERS
25, B RBRNWRBRERN Y warp(F4 32 MEREB—4
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rtrn() 227872 153960 35623 35216 20831
rrtmlwrad() 690524 524001 68985 66892 50256
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GPU AR ERE LA . FTLIE HM#EH RRTM #
WA B E SPATE R A . rtm O F gasabs O SR
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# 3 rthraten.olr.glw iR 2 .3
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olr 2.35E—07 5. 84E—07
glw 2. 54E—09 8. 13E—07

RAER 23K GPU T LB FEARRBHRE R
{HT BBRAT RN LL, 7T A3 3 (128, 1, DFIC256, 1, D R4
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538 MR LR T B AR 04 =8 [ X PRI B e A/, 7T
FET RS ERUR SR, £t LA B4y, RRTM B &R R
RAYEFEE SR (512, 1, DT LI SR A B L RR, A
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| B AR AR B

! 45 constant KEFHRINRR B D BAAAEER

integer, constant: : kts, kte, ktepl , nlayers

integer, constant: . nx,ny,nxy,nxyPad

! setcoefO FRIBAZI M E

real, constant. . preflog_c(59), tref_c(59)

R RIRN, FERWRAEN, ERRFN, K
i [ B3R U — ANt eh R WA R AERT , VAP R 5 R
& RS AR, K25 400~600 MBSl B, PRtk — 26
i BT GPU ME RSP, AR REHET L
BB Vi ] 4 B FE i R R YO TR RT . 1
(512, 1, 1) BULRB SR 43, I BAFRE SR AT IR AL S5 » BoAT)
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18 A )X b (R B AR AR 0 AT B B 22 BT OB
AT (50256 —48375) /50256 =3. 7% , A B S IE
R 690524/48375=14. 3,

RIB A0 GRAPES 23R/ K RML IR i R4 5 IR
W AT BT T ST, FR4R 4%t RRTM 8k it
1T GPU FFA74b i 24 B 2% s EHERE AT 9 EERE |, 41 %F GPU
PR R RS IR AL A2 S BR AR AL 4R 13 2 100 %5 O 1
SRR ITHERE AT IRAL, IR BB T L4X R,

HF RRTM #EHK TARE, e R B 5 A K
EA M, LR R B E RIS WEHE A e F AR 8l
BREMERS . 2N EREHENEBAEHERE M
FELEEN TRENRABBEENA —E RRENEE.
HHFERR T B I WAV RIG R, R BEcEE
B EERBELAEERERNYE BAEMSPEGE.
BT CUDA Fortran 8 A L e SUBEAEAE 28 BT LA SR i
BARAXEN TR, 3iiRES, KESS RRTM B
GPU E3H7IH B R IEH e T HA %, 34 GRAPES &
GRKWE GPU T 5 MR REE T —E A .
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