0577-6619/2010/68(5)-0591-97 Acta Meteorologica Sinica S R¥R

GRAPES 3k i s M5t FO I 71 B 50 0 P 550

A HEES RER LZES BHEFE Kazx?
WU Xiangjun''*® CHEN Dehui*® SONG Jungiang" JIN Zhiyan®*® YANG Xuesheng?® ZHANG Hongliang?***

1. E B R BRI L= B . K 7). 410073

2. PEARLRBAETER $o0 . JEaT 100081

3. WRAZH L, JEa(,100081

1. School of Computer Science, National University of Defense Technology, Changsha 410073, China
2. Center for Numerical Weather Prediction of CMA, Beijing 100081, China

3. National Meteorological Center of CMA , Beijing 100081, China

2008-11-03 Yt ,2009-10-14 i [=].

Wu Xiangjun, Chen Dehui, Song Jungiang, Jin Zhiyan, Yang Xuesheng, Zhang Hongliang. 2010. Parallelism of the GRAPSE
global model and its loading balance strategy. Acta Meteorologica Sinica , 68(5) :591-597

Abstract For the past 10 years, the peak floating point operation execution rate (floating point operations per second, or
FLOPS ) in parallel computers has increased by several orders of magnitude. Their large-scale applications in science rely on
larger configuration of the supercomputers which comprises more than a hundred thousand of processors. Development of paral-
lel software has been thought of as time and effort intensive. But the parallel algorithm design involves more than just using
multiple processors, it also focuses on its efficiency and scalability. Setting load-balance tasks” assigning can commonly speedup
the running. The GRAPES (Global and Regional Assimilation and PrEdiction System) global model is a semi-implicit semi-La-
grangian numerical prediction model formulated in spherical coordinates. For the parallelism of the GRAPES software system,
there are two problems must to be solved, one is how to gather the data when computing the up-stream points near the south
and north poles along Lagrangian trajectory, and another is how to set the values of periodic boundary latitudinally and of sym-
metry boundary longitudinally. Due to the convergence of the meridians, the longitudinal grid size decreases toward zero as the
poles are approached. So the parallelism near the poles is a tough issue. How to get a better running time at the high perform-
ance computer system is a key-issue for the GRAPES software development. In this paper, a new method is proposed, which is
based on group message passing of MPI. A more efficient load balance solution of assignment is also discussed. Experiments on
the IBM-cluster 1600 of Chinese Meteorology Administration (CMA) showed that the parallel algorithm is scalable, efficient
and portable. Its computing time cost can be acceptable for real-time weather forecast.

Key words GRAPES model, Parallel computing, Group message passing, Load balance, IBM-cluster1600

M OE RA R LEOR Y KR AN IR AT I TR SR B R B AR Ol S B AT I O e R 2 —. B
A PR RETH LTS AE ) C R B AR TG RIFE AU RGBSR W R E B AR EE L N E Ky o5 5% I x)
MR FR G M BT B T PR B R TR R AR e A S R R R R S AL BRI O I R R b UK R IR AT O
T3, I A A5 38 A TR R TR T AT S i Bt 5l R A I DA R R AR S BT B O R AR T EDE K
B KR ARG S . GRAPES(Global and Regional Assimilation and PrEdiction System) % i1 i) iz & H #5 4& — MR/l
S K/ Akl A, MR — g S GRAPES (93147 715 B A 5 WU wh 3 S000E 040 F 5 v o0 1S A =R 0T A7 1 &
AN (45 52 GRAPES 19 347 1153 2R Al T 2 8 7K OF P RS B8 430 ABA T 23R 1% GRAPES 850, B TR FHBLKS B H 22 45

xR A — TR SRR H (2006BAC02B00) | [ 5 1 SR B2 3k 4 (40575050 ,40775073) T [ .
YE& A AR EZF5E 7 1 o8 BUE R B RGEIFATHH . wuxj@cma. gov. cn



592

K42 2010,68(5)

Acta Meteorologica Sinica

J7 5% A8 St T B 30T DA A A5 2 ) B U/ o A AT S SO AT 3 B8 T SR T TRT A B4 2 4 TR A Jal 23 O X2 B L 6 2
FEAR M DX I AT T B 8 2 A A P A T B O B TR DR AR . AT AR TR S A 3 2 TR S B BR A U O
FEF S0 — 5 10 s A O JE AR SR o A0 5 B 2T — 5 DX B P A A B 2 2 1) S RO TRl R A BRAES 21 . SOt 48 i T SE BT 1%
BT 55 o0 PO Bk o 42 R 7 BCHE AT 55 0 TS S0 2P 45 07 58 . A W R SR i P RE T B AL IBM-cluster1600 9 IIAR M, 5k A
AR B AT AR B O B 7 SR T VA B0 4 X i e ) R AT ORI R 1000 LA B B EML 55 IB AT A R R

A 535 e T [ A T LA A (L ARl 55 119 S PR R
KA
REESES P09

1 5 5

PL GRAPES #525X 2 45 o LRl 2040 , g2 57 D) 42 Bk
EEE NSRSk RN ES e Sk EIERE 8RN
F o ERUE R IR R K R — A Bk B xR .
A7 17 o 1 A T A AL A I A5 3 A e A5 B v S AR I 4R
RG0S5 L] I R AR Z — . mtkRe AT
ARG R RIS LN PR AL T H 2558 K
MRS AR A SR . B PR T AL L
AP 3 R B0 R AR TR AR AT R TSI B R AR B T R
RAEET . Gne] 78 53 A 0R) 40tk B R 1 Ak 2 25 %
U WA BB AR AT 1 330 5 18 X A — A A Pk
AP Y [

e BR300 1 i A [] S B8 (E R A Il i =X m) 3
R R RS AR SR IR AT RN
Ab 3 ES AR LA BT 3K 35 A [R) A [ 45 () AR A
23 (8] 43 590 U 50008 TG 0% 7 ) AT #9043 o AE AN ) 35 S
[F1) 3 o 50 Y O AT A e SR e 2 B OO S e O
I SE B AT . R T — A DX A oA
2 TETHE DB — 7 I IR AT 153 DXl 40 fe e 8 1
B0 Je SR FH 8 2 A 43 X L3 DT DA R DU 1
A DU AR ) s 90 XS s . i
S ERA% UL T AT TR B B A RO DX SR 2 ]
IE SR AN S S i S R N S
R, A 5 3 v AR b S 4 R B — A A B AR AR L
5t E TR — A Ik

1R kg S, GRAPES 76 #4758 b i
AT WAEEE R R H 7%, BT
GRAPES & BRAS 2 XX 2 R A% B H_E i S
$8 AR G o JE 0 A A R R A AR DXk R A B SR
VOB AR HOOR A7 7H 5 8803 0 v IK B ke T 5
707 2Bt IR AT S8 90 5 1 DA St 3801 SR 5
. 76 52 B GRAPES 4 BRBE X I 47 313 1) b 250
[ B 5 A A 1B 0 LR L R sk T R DL AT S5 1

GRAPES #8850, JEATIH5 . MR LBl iR, 484, IBM-clusterl600

0T
2 GRAPES 43R #% s 2033 ey 4

GRAPES £ BRE 30 HHELR ] — B & %4
g g R AEEE 1 AT R O AR AL K )
R G 26 B Bk A b . T 1) R FH O B
B A8 A, B0 T 8 o8 TR ) U2 1 2f B e A B
HAFE, vt fEH A K Arakawa C Bk 5 4% 2K,
I B J7 17 & Charney-Philips 75 5 Bk 2 43 #ii . {81
J7 A 25 (GCR) J7 SR g 6 TR s iy =
4t Helmholtz J5 #2455 . B TR AR AL 36 90 2 <
O ARSI 0K F R w fl v, B HEE w KK
q. B BRG] PR 2 A5 AR i
S DL B 40 35 4 (2008))

u=@u£w§+g%é$mwgﬁ+gm
v=T[t, aciw Stg, % +g, 200 5, @
wzﬁmgwgﬂﬁﬁi+ggm4%@>
0 =g 2+, )

O = o ut oot G wt G (D). +Ar (5

R T NER P A HESE b SE R IR AT A
% S AR R AT T R S AR AT IR R N S
— ,GRAPES BRI T 3 2B HEZR &5 44 (& 1)
S W=t 5 )=l I e TR U R s el D= S =P i
B2 WO R 2. KB 2 Wit =2 A
AR G BIEA N, i 5 E LA
S R K BE 1 B A AR R iR Al T AR
1) 25 [] 43 TE 90 46 B0 i %) i A AL RS S SR AT
() DX I8 i AR X — JR 58 . R AE 2R i B )2 2
FEWR AT A 5 58 B A TR 16 BR 0 i A
BBl JIHE SR )y B ME R R L M I T AR L L
bR H 224y 7 b bl o Y A 4R RO AE B Y



LA 4F : GRAPES @RS s B8 20 IR A7 T30 60 280 1 S i

Helmholts J5 F>R fiff 55 . LL &% 24 {20 b 3 1 9 4 2
T PRI R S BT R G B L R K
H I A X A ) A B G AR b 908 D R AR A
A . RS 2 IR 22 B AR AE 2 A
[ )2 F (]2 32 B8 58 SRR AL 9 1 i - 42 1 AR 2007 26
T LA S — S Iy s BB A i

9k 2 PRI R, TR X Bt
Driver Handle machine environment, parallel decomposition
layer and input initial data

l 1

] AR, Wl -

. <= IR
Middle Variables transition, Communication Interface
layer integration control

I |

BERE | ot v b4 2 R 5 I L R 2 1 i
Model |\ odel core computing: including Massage passing and
layer | qynamic and physics computing threads

K1 GRAPES Bz 3 2 HRAMAHE LR 45 1y
(230 7 3k R SR S 9200 7 3k R B D
Fig.1 Three-level hierarchy superimposed over
the GRAPES model (solid-arrow denotes

“support”, virtual-arrow denotes data stream)

GRAPES BACR H T A 6] F — B WAL J7 3 1
PoA% Y H J5 ik BEAT 25 [ B WO 6 T IR T i i
Y RUE R 23 18] 22 0 s E I - 2 S
A 23 (8] B O30 R 28 A TS AR R B
W R BOR E T X AR ATV O S8 % T
PO By S B s TG T A BT H ik SR R
At EE IR MERS 22 . TR D B B A 23 ) B O B a6 20

593

1 2 0T 05 A8 Bl L i S R — B0
S rt CRIVRLAS B3 H 7 ) o 7 b U 507 SOER P F
PN OB RD) BT 95 ST 3 iy N W e 1 £ B
(ISR DR o A B LS V€ - S o > i
Zx 5 H0A% ) H 25 8] B HOT S A A 0L R R A
EAMERN . Hit. 78398 GRAPES £ BRI
FTVTEE B A WA [m) R 22 25 R, BRIV« A o1 DX S 7 A
SR B 2R IN T b U R T AR DA B A R AR
WFRAE R, AR I AT T SRR A R g T
BB RGITIHHERCE.

3 GRAPES @R #& A 247 71 3 X 38 43
fift 7 2 S SL BT ik

BB A U TR S B bl R — A B R 35 1 i
P o THO RO B2 AT G L 3085 R s Ok R AT AL
R B I A 0 K R mT Ry A An AT 2 Py
Zi

AT ST A B9 0 ik R i B R T
SR oy e BN 25 A Ak Bl g b 45 Ak B AR 2 3 AT X 45 A
5 2 B Bl B B AT 3 0 BLUor Ay B A R
Ak B 2 1A 1E 5 SR [R) 25 14 5 R AT 0 i A R
S L A A R R RE A AR 3 i RS TR 58 AL
Xt B Ak Bl g b RO g cEE o X TR R B
3 e 28 B 9 A0 2 R K P DX 300 e B2 i K P
R I3 1+ 1] 3 J2& 16 ASAk B K P30 Fh o0 A 1) — A4
Zip=yL

Hillor k&

Data distribution

] T

B0 | oy | AEREL | o [EB2] o oo mm e | AEEn
CPU 0 CPU 1 CPU 2 CPU n
Kl 4

Data collection

B2 BAE BT T 0 — M R

Fig. 2 A typical flowchart for numerical weather prediction parallel computing

X GRPAES @k A AT & . W 2%
&R B — > [m] A8 AR st % B ST DX 3R sk I i S A [R)
B GRPAES 4 B A = % H 1 2 Arakawa-C #%

s AR B K F 23 A (I 4) AT UL Bl 3 1) B b i
AT o M 5 R 2 TR 8 B AR L R B R R
B %



594
P Pi3 P Pis
! Q
1
} “3 Py p, P P
[
1
]
Py Ps Ps Py
Py pl p: P
Longitude

B3 MR RO T I ALK
IR B Cps fR AR AR
Fig. 3 The schematic structure of 2D
latitude-longitude partition
(pi denotes the iy, process)

\V"
e

AL
v, _—
& 4 Arakawa-C #% = B8 2048 BKOF 430 A
Fig.4 Variable layout on
Arakawa-C for the GRAPES model

0°(360°) 180° 360°(0°)
W—E

K 5 GRAPES 43R 2 pg b % i # i

(€ AN = W = O ol WP 3 £ B o

R AL A S BN R A A X
XKFR., FEN,S,W,E”rJl R R4t 5. 78 . &™)

Fig.5 Symmetric boundary setting for the GRAPES-
Global model (solid lines depict the grid-points
and the upper and lower dashed lines
denote the north and south boundaries, respectively)

Acta Meteorologica Sinica S %24k 2010,68(5)

A AR B B R o W H 2200 5 8. 1
THEA B — I RS I 5 2 0 T8 L E i A T
Ph— 4k 5t o -0 o 491 AR A% B H 9 AR EE I BT e
B8l R LA U ARz 3, Hoil 2

& (6)
TE o+ At W2 H— WP (oo + A TE R AT
(o) A S T i Z Y B 7E Bl S (E ¢ (o -
o2 t) Bl
Yoot + A = gl — 32", t) )
B 2, RBHTE S G A 50 E 5 Y /TS
U AT LG o7 i 20 R ISR AR+ A I 20 R
. B, ox MK BT REJE A T A6 A0 8 L XL
RTAEWHEE U, 2R U BK8 A 8K H AT
E S 80 S B A T A SR AR A A e B T L D A
W3t 7K F 43 X I AT T8 i Bl o AR A a5 [ B
BN i R AT BB B A T A R g L 2 R
Fo BETEM R AL 00 A2 1) R0 2 A AROHAT O 1] 1 XU R
OB E 4 ISR I (B 5 WA S A B A A =A%
R o KUK B8 A% 0 2 2Bk B DA A5
O X FRIAS S o b AR Y = 4% 3 b B
Hb ][R R B AR R R AR R B A R

GRAPES 4 BR# fi 858 X JF A7 1 35075 il ok 11
55 2 /> [a) R X i SRR 0 X f A R b X AR
HFLCE S FIA T S 3 B (B 6) i . R
XPFR 1 S 1 E 06 2075 B0 FR 2 2R AL 3 4 158 A%
FUME.

longitude

—» idep F—

—»N ids ide [e—

W——E

Kl 6 GRAPES 4 BRER P M 00 7 i &
CSEZ R TS R R 70 I 1 2 43 31 3R
ARV T Sk 2 B A RS R Y

KE. FRWE 3 RR P R
Fig. 6 Periodic boundary setting for the GRAPES-

Global model (solid lines depict the grid-points

and the eastern and western side dashed lines denote

the east and west boundaries, respertively)



LA 4F : GRAPES @RS s B8 20 IR A7 T30 60 280 1 S i

£ GRAPES 23R, YA 20 ] 25 KB K
B, 6= 2 5 P B AR e LS . A 4 T e ]
BRI ATHE T . GRAPES R FH A b 8 % 7 58 2 45
AFE W Sy it B TR AT DL, 7E GRAPES 4 BR A5
FIFAT I A Ak P S A5 o

Xif F A RS 2 1 B 4 Kk A m , — A TR B
ES s E D d N TN DY g g
1) XL it A5 3 378 B4 T 0, {EL I Ty 2 mT T A Ak P
H 32 BR T35 46 B & TR s RT3 B vl i
MAGZ B, 5 — R AT X 5 7 R E S S
o A 43 X R il K i I 1 A W BRI — 2 R Xk
Sy TER — A b BEER b TP AR G X, X R
SR VT DL A A T S5 4 g XU ) S (F B A X
IR R — A 2 55 B A a5 80t
SN RSP

R T DR AR ST SR AR R M T B I A T B Sy T
0], GRAPES 43RBT A7 1 3578 b5 HE 2 26 M A%
Rl 43 FE 0l b A6 b B B 3T — 2 X 8 P A AR
T Ab B A MR AT UL O 4L, B A FE R AT AL P A
ANTE S QM B e S CE VA 18 i = B TN R ok
HETE 5 1Y “halo” X 35 CHIV b B 48 1155 X 2 S FH L JR) Y
FFEETRS. B 7 v B 5 &8 4 43 50 2 7R B A b
IR AL B AR 4D o 78 B30 TR AL N B, B2 41 iy o b
PR 2 [H] 2B A7 2 ] (0 Bl S8R R B O Fu /e R AT
A TR P Ak B2 2 B A AR DGR . BRI UL T
FRy Kb B 1 4L T LA AT 2 T (E 30K 23 R K i
Wi, H, MELER LA E — DIk E
polar_line , 7 35 1X AN 28 M 5 X 38 00 b 2 2% 150 40

AI\ 203 P Py Pis
13
12
' J J
1= Py Py Py Dy
]
Py Ps Ps Py
Py Py P, Py
Longitude >

7  GRAPES @ BRBEATEAT I H R
WO 30 X 38 53 07 58 Cps 4R AL HLE)
Fig. 7 Cap-decomposition scheme near
the poles for the GRAPES-global model

(p; denotes the iy, processor)

595

Xt A Ak ot LAY X SR Al 55 X 3l i) 42 11
A7 1L PRI JHL DX A T AT Ak B 4 2 19 R R A
AR gk SRy A 2 PR L R BB 2 A A R T g
JEE B HEAS A 1) Jaf A TH 5 507 i 7 A DX AT AR O
P il 73 D30 DAPRIE T 330 60 200 F-

TE K- 22 25 P K 40 73 HE Al L 4 Ak 8 B 4
FMEATBCAL B 7D v DB 52 X 38k 35 7 A st Ak 34
Al oAb s K a8 b B AR . AN A BE 2R 4 Fe v A
Bl gt 18] K 3 0 AT 4 Y IR

4 GRAPES @3k I 178 X 11 55 43 Iic 17 28

A R g

ERE R IO EIR: S s L= i
LN IBM-cluster1600, 3% & — 4> 434 N A7 IF
TRl R A HLEE 2R G0 b A S R 20 G s v
MW SR BEAL A 256 A9 i BT A& 8 A Pow-
erd + + LA fE AL PR AR L 38 i+ HPS Switch 3% 4%,
A E 26 NAF.

¥ GRAPES 2 BRI 47 #2772 IBM-clus-
ter1600 b 47 iaEE I ik 26 2 A il A s FLASE S 720
X 361 X 31, i [i] #1432 K 600 s, 4>y 3 o 72 | 7
16 N7 5 128 M AbFgs (A1 R B 8 AN Ab 3R .
KX 128 AL HREF AR FNES A i B R 2 X 64, Bl 42
13 2 4H | B3 2H 26 0] 43 64 > Ab B 8% . 76 polar_line
B+ (=)70°mf AL FRAS 2 (0, 1) -+ (12,13) Jg g 1
2H,(112,113)---(126,127) At W b4 .

4500 - -
4 Communication time

3500}
=

g 2500

B=i

=
1500

500 & I I I I I I I
0 16 32 48 64 80 96 112 128
CPU mark

8 A fi B 28 1 Ak B Y 38 A5 I 18] 49 A
Fig.8 Communication time of each process

when the original load scheme used

— YR 25 A A B g Y 38 TR ] 23 A (&L 8)
Hh 3 TR ] 935 08 8 TROT 4 22 45 A 48 A~ i a]  JH
Hh 455 b B A S RIS T CR D . i FRg b r 1) B A
55 o3 BC WG Sk 22 vh ] /b, S SO b A P 65 1 B3 480 1 L A
TS 75 o i) Ak 8 S5 55 ) A5 4 3 TR Ji) 486 o



596

ML 8 H Rl UL, b B 2% i TR ] S 30 Sk o
[ R B A 3 5 FR AT B A b Ak B S RN DM Y
W15 T I o 76 A A B 28 41 R T AT Ak B R R R
S5 TR R B M 4N A S 22 S B TR R
A R HEE, & L8 EAE MPI
BT FE A IR, T LA S B E) b BE R RE 2R TR A
P14 308 TS5 o B () 3K 150 B R b Ak 3 A 3 OR AR 55 A
221 v 1) A B AT 45 AR A /b . H e AT DL JBUR Y
1155 53 e 7 2 BEZA AN BRI b )y

GRAPES Bk f58 2X 19 1T 45 4 i >R I 157 8 24 4
T % o BIE R ) A R 4R . R
N L A HYE L BN E 0, I G AT 55 43 i (&l 9a) vh
“O"FIN L/ns "+ VRN ARBEBR R L/n+ 1, X Fh
3 T S50 1) A B2 A L R BT IX 3843 i A AT 55
A B 22 5 SR A T 4 BRAR M 530 114 1 3 A
PHAEAE 540 T 7 2 (B 9b) o™ + "4 IR AT
“TRIRTE U/ n WY IR B D — 8 AT S R AT
i L 1 A2 A G EEE 3 AR

4500
(a) 4 Communication time
3500
% »|
Q
£2500¢0 ®
c Repd |
1500 TP APV TUUIPO
Sgo om
500 Il Il Il Il Il Il

Il
0 16 32 48 64 80 96 112 128
CPU mark

K42 2010,68(5)

Acta Meteorologica Sinica

(@ +++++00000000000000 0 0+++++

(®) —0000++++++++++++++++0000—

K9 —ZEg ol T AT 55 40 il 7 R Y H R
Ca. R BRERGYBLTT %8 b, UGH S I TT %)
Fig.9 Comparison of task-distribution for
processors in the one dimensional case between the
(a)original scheme of task-distribution and

(b) the new scheme of task-distribution

T A U2 A b DXk Ak BB AT 55 o 4 A% A PR AR
TEEAT 55 o 15 v () B8 22 Ah #0288 5 TR 25 15 B[] IR
T A 3 A s ) 75 51 i 2>

AR b b 35 AT 55020 2 A 265 B (T&T 10a) ik
b 3 A4k (] 10b) f ] 128 S Ab B2 A5 98 R
2X 64 ARk 3 5 B B 38 TR ] 43 A (& 10) \f
Lo 370l Ak P8 2 AT 55 il A5 v TA) Ak 2
(1) R ALK T e I 79 A A8 st Ak 4 % 5 R B[] A Xof
AR TR S A A T R i HL e TR S A 3
TAL S5 BOR D i Z  TTE R BB TR R R AR (R D,

4500
b) 4 Communication time
3500
)
225001
& @ g
L
ORGP EREREE s O SR Rpeserigand @,
1500 gy 8 o
500 L L L L L L L
0 16 32 48 64 80 96 112 128
CPU mark

P10 SR IR AT 55 020 2 >4 1 () (3 A~ 43 18 (b) A 33 A5 I 1] 43 A7

Fig. 10 Communication time of each process in the case of the polar tasks reduced

by (a) two latitude-tasks and (b) three latitude-tasks

F 13PTSR W 5 A
RN N RS N VAT

Table 1 Cost times for the three schemes (unit;s)

R s o
bt ] i 1] RO
S 9371.0 2851.0 30. 4
W 2 2 % 7956. 0 1444. 0 18.1
W 3 L & 7929.0 1412.0 17.8

K A AR (0 AT: 55 43 T £ 487 5 )7 58 7€ IBM-
cluster1600 | fifi Ffl 128 A~ 4b BE % . % b AT 55 ik 2> 3
Bl AN [) Ak 3825 A B D 25 A A5 B 1 10 d iR AR X3
SERE BT E] (R 2) o Xom FIRAR M) L BAREHR 7.
S AL FRAS BN m ERER X0 b T — A i I A
Bl BT PR 5 g b B R 0 A L B AL B 2R 3 R

1 X128 WA AN REIE % 45 ), MR A L& B,
TEMA TR B H AL FR 28R L 42 1) 43 fic Ab 3 28 Bk (15 2
550 b, 2 388 T %) A B g /0 R A R

2 128 NALPRERTEAS R A R 454 R 1Y
VA B ST (L e s)
Table 2 Elapsed times of the GRAPES under the different

processor topologic structures for 128 CPUs (unit:s)

A MR D 2X64  4X32 8X 16 16X 8 32X 4
HE R AR 7695.0  8160.0  9296.0 11032.0 15445.0

I &8 7E IBM-cluster1600 | B 7] %% H 4b #3
AR I LR B F SR T V10 d TR I AR AT 55 40
Bt 7 28 5 Ak 43 BE 5 28 0 TSR0 i it 1) A K45 Y
AESS I b (3% 3D v, 3B J7 52 i P AR AT 5% s /b 3



LA 4F : GRAPES @RS s B8 20 IR A7 T30 60 280 1 S i

Rl Wi TAEME A 2 X 16 WA AE A AL, 32 4> CPU A
RESR ] 4 X 8 MAE I 4hfh . [RIAE . i 45 ) 4 1 AL B
i o B AR 55 BN RE/N T 3,256 H 512 SR T AE
MEFR 4 70 0 R 4 X 64 F1 8 X 64, MK 3 ] IR

597

B LA A 55 3 TiC T 58 5 T 0R 5 28 AH Lo 5 a8
eI R R 2 (AT T W01 B A 1 = B S ST
P 2 IS Y P A L7 3 A < 0 i B S ]
40 % #2550 % DL |,

3 SR A Boad B G IR AT S R S (B )

Table 3 Elapsed times with different number of processors and different load-balance scheme used (time unit:s)

P I [ R WIESJE
135 s [ ik R $% v i 1] Jink pE
32(4X8) 27373.0 1.0 1.0 26918.0 1.0 1.0
64(2 % 32) 16093. 0 1.70 0.85 14352.0 1.88 0.94
128(2 %X 64) 9146.0 2.99 0.748 7695. 0 3.50 0. 875
256(4 X 64) 5499. 0 4,98 0.63 4451.0 6. 05 0. 756
512(8 X 64) 4080. 0 6.71 0.419 3143.0 8. 56 0.535

5 4hig e

GRAPES 4 BR#6 S 20 il T M A1 B B I X 45
TR R IR FOOF AT 7 H 5 800 43 SR w0 i BEOR
% BB 5 22 S (A 1 B0 AR SCHR TR T
SO AL 3 4 38 TRy 3 S B SR AT S — Ry
B T b A U T s RSSO EAT T A A A A 3 )
B, 5 A IEAT IR S A L AR AT AT R
FHAT T R A v - HoAg e R 8. [l s o 3t
AR A B 2 ] AT 55 40 C O 2R R T B R O
5 A IFAT I B R B 5

AT GRAPES #8251 1 5 5% Bh i) 1] A
THKN %, FIE T GRAPES £ %k 45 1 52 i 32
AT [ B, Ay A5 X o B 8 43 % 58 R RS 40 3 R
AT e, GRAPES RGERITHH AT — 2 TAE
IR RGP . B8 B o B R S R 1Y
PR HATIHE CPU K s E b T M3, B e i —
11 T AR BB SR 0 1T 58 ik S AT Ak
T 2R A TR T Ml 55 5 B TR 5K

H I GRAPES 22Kk 347 8 20 i A & i A ML
G5 1a A7 W Y B KF 43 B3 0. 5° 1y 4 BRUE L 55
HATREAS T SR8 A /L T 5, FEARE S 35 2 b 55
TR S AR SR, Ry Hb 5508 1T B TR A Y A

1« SR T 2 I 195 e A W A R 4
7 B30 2 2 BT 4 0 8 XA B 2 A L 2

S % ik

W DL 22 . 2006, B — fRAUE B4R R 58 GRAPES B 52 it Jig. Jif

FR %24 ,17(6) . 773-777

WREEHE . BE203% . BoFMEZE. 2008. GRAPES i — R & Bk/ KM £ R
JE G0 — B A B BT B ST, B4, 53(20) - 2396-
2407

VLA 37 4. 2003, B R A TR (B ITIO. dbat 4 ikt . 471pp

LA 4 Z MESE. 2007, 3 — ABUE B X GRAPES #9347 11
807 RS I LIRS B 44(3) :510-515

FE 403 . 2006, 7 20 40 B B R B A BB AU B 5. R
%2 48,17(5) :602-610

BEALE , WREEHE. 2008, HUE Bl R 5L GRAPES MRl 83t 5 M.
Qb A Bl2F MR L 383pp

Ananth Grama, Anshul Gupta,George Karypis, et al. 2003. Intro-
duction to parallel computing Second Edition. dt&% : HLAE Tk i
Jgi AL s GREEBRRD » 636pp

Deborah Salmond, Sami Saarinen. 2004. Early Experiences with the
IBM p690 + at ECMWF // Proceedings of the Eleventh ECMWF
Workshop on the Use of Parallel Processors in Meteorology.
World Scientific, 1-12

Dent D, Mozdzynski G. 1996. ECMWF Operational Forecasting on a
Distributed Memory Platform: Forecast Model / Proceedings of
the Seventh ECMWF Workshop on the Use of Parallel Proces-
sors in Meteorology. World Scientific,36-51

John Hague. 2002. Optimisation of ecmw{’s Integrated forecast sys-
tem(IFS) for the IBM p690 // Proceedings of the Tenth ECM-
WEF Workshop on the Use of Parallel Processors in Meteorolo-
gy. World Scientific, 294-303

Michalakes J, Dudhia J, Gill D, et al. 2004. The Weather Research
and Forecast Model: Software Architecture and Performance //
Proceedings of the Eleventh ECMWF Workshop on the Use of
Parallel Processors in Meteorology. World Scientific,156-168



