5 ikE REPOATS

MPI IME T &£ T A RRERZRGFREMFFITH

fEme i, ZFiF

~

fres

Vfﬂl

P S p
_éf)\kfiﬁ], ) rr;;'g‘ﬁ

]
#
B,

SN

fif R 77 S AEAN A FHAT

MR, KT T — A AT B AR 69 4 R E 7 ik,

BP 5T SR ILRA i AR 0 AT, AAxE T EHFLHFATRA LR,
MRk 5, I BIATICE 0 i F AR G 9 3RAT 4L & 0 m it bl

266100)

JA Y BA%F 1% 45 T (message passing interface, MPI)% 5 F [X 3% 9] 64 S0 45 4% 4y AL

Z ik Ak B e R A 6y $ 4T

KEIE: RRRE; AT, RIMaMHE; ¥ &5 O (message passing interface, MPI)

hESZES: TP399 XHAFRIRED: A
doi: 10.11759/hykx20140515001

>

, POM(Princeton Ocean Model),

CAM(community atmosphere model) FVCOM(finite
volume coastal ocean model)
poM"? cAaMP* FvcomP!

>

HPF(high performance fortran), OpenMP
(open multi-processing), MPI(message passing inter-
face), SMS(scalable modeling system), GPU(graphic
processing unit) HPF

FRAME(fine resolution

E) E)

AMmonia exchange)'® HPF
MPI

, WRF(weather research and forecasting

model) n , MPI
) MPI

OpenMP SMP(symmetric
multi-processing) ,
Osthoff ¥ MPI  OpenMP OLAM
(Ocean-land-atmosphere model) s

I/O(Input/Output)

, sMmst!

62 /2015

/

XEHHS: 1000-3096(2015)05-0062-06

HYCOM(HYbrid coordinate ocean model)

, MPI OpenMP ,
SMS , , SMS
GPU ,
ROMS(regional ocean modeling system)!'”
, , GPU
( ),
, MPI

1 HFTHEA

1.1 HFRAERATA

GRGO(global reduced

gravity ocean) ()

1.5 s Cane 1979 S
ENSO
2, ( ),
:2014-05-15; :2014-09-09
: (NO. 41275013); 863 (NO.
2013AA09A506-4)
(1985-),

, Email: fux1aodan8087(Jl63 com;
s , Email: lhp@ouc.edu.cn

39 /5



e IRkE REPOATS

ou
8_+U VU + /K- U——th+V(hb)—
| (1)
TL quU—ZweH(we)U
Oh
—+V-(hU)=w 2
ot
1
2 vt =—2 v L moe T -1) )
ot poCh h
9 U:U(x9 y’ t)? h:h('x9 y’ t)? T:T(x’ y’ t)
2 2 2 'x’ y 2 t 2
WE b b b Q b H
2 K 2 T b T]"
, H ,
[11] U u
v : U=ui+vj GRGO
U’ h! T’
9
o’
o 9
’ Ox oy
1.2 A RRIEF *
U u
=P uly) =12 myug Tt = g (1)
(4)
u N . » &(0)
u
: ul,i(i = 1’25"'5}7) > uZ,i(i = p+laam) >
ulrip-#l = ug,p+l > u;,p = Z’ll,p >
”1”1+1 = F(u;_y,upyuii )i =12, p. ”1’1,p+1 = ”§,p+1
wy s = F(ulyup Ul )i = ptLeem uf , =uf,
(5)
ulrfpﬂ ug,p >

R n+2

, MPI
“MPI_RECV”

>

n+l  _  n+l n+l _  n+l
W,p+1 TUzpr1> Upp =Up

1.3 FEHEHL

“MPI_SEND”

(6)

Ax
CFL(Courant Friedrichs Lewy)
d#/dx<0.1
C 12 ¢ ,
( ),
(1) u (2)
n+l n n n n n
Wij —Hij vy Uij —Hi1,; o, Ui j-1
At Ax i Ay
b'.h" n"
1 n bnl ' i,j i 1~ Yi— 1/ i1,j—
n ——p L] =Ly + 2 —
i 20— Ax Ax
T, +u Hrl/ Zu +ul Lj i,j+1 Zu +ul/ .
Wy sz Ay2
ij 2
1
o Wei, /H (W uy (7)
h( 1
i,j )
n+l1 n n opn n n
hi -t 7hi jx u,«,_/hi l 7uH’jh'—1 j
2 ) 2 2 4
At Ax ®
v:il jhznjfl vifl J— lhlnjfé
2 2 2 2 w,
Ay
n s ia J s ’
0 0
ox oy
, u 1

Marine Sciences / Vol. 39, No. 5/2015

63



e IRkE REPOATS

iLj u( )
1(b)
hia,js hi

a. usriE R b. LI

1

Fig.1 Relationship between grids

The arrows represent dependencies

14 KR4

PR T XK TR

EXZ==acz==z3
Exzz==al
iy
N

2
Fig. 2 Domain decomposition and correction method

3 ,

64 /2015

/

BT IR YR

|

I
]
1
=
il
]

3
Fig. 3 The domain decomposition

2 FATEH

MPI
, MPI >
, GRGO

MPI

GRGO 4 ,

s Pl(l:())

mpi_barrier

u, h, T, P(=1,---, n-1)

u, h, T Pi(izo):

3 PR R AT

IBM 3650 M2, CPU 16 Intel CPU,
,1 CPU 1 ,
RedHat Enterprise Linux 6.0, MPI

Open MPI 1.6.5 GRGO

60°S~60°N, 0°~360°,

0.1°x0.1°, 10
CPU (G
39 /5



e IRkE REPOATS

0 1,2, -, n-1

OYBLNAE, By, h TREIRAIE RS TIIZC I WRARHARG S, YT KT A
AR AP

A
EJHEH do it =0, itend

A A
BRI 5 5 AR - DX B30 P oK it TR BEBGR A, BRI e R
y A

FUT AT IR I AT, R 2E 00 DT R 5 h AT IR I, SRR 223 Tr R A

.

MR DX TR A T

4
MR DRI 2 AR A T

i

fiiHus by Ty FERIETERIRAA T IOAT K. h. THHERR0

4
Fig.4 The process of parallelization

F1 MERMETEEAIZITHE 80 r . 727
Tab.1 Overall timing of the ocean model under server ’Q / ’
environment 6.0 / 6’19
& 537 ’
CPU () (s) 2 /
1 175.86 R P!
2 95.01 2o / —— ik L
4 48.53 Ty
6 32.72 . . . . .
0.0
2 4 6 8 10 12
8 24.82 CPUR KA
10 28.42
12 24.19 >
Fig.5 The speedup of the parallelization under server en-
vironment
CPU
[131_ /
, 5 5 1 ,
, CPU , ) >
5 u
, CPU 12, 2 CPU ,
24.19 s u (
20.10 s, 7.27, 6) 2 6 , ,
, CPU u >
R CPU 120 L, u

Marine Sciences / Vol. 39, No. 5/2015 65



e IRkE REPOATS

0.49s, 38.2 ,
CPU , u ,

T2 WERET upEHIENE

Tab. 2 Overall timing of solving u equation under
multi-nodes
CPU () u (s)
1 18.71
12 4.58
24 2.68
36 1.67
48 1.13
60 0.90
72 0.77
84 0.64
96 0.51
108 0.51
120 0.49
44.0
382
3907 —— i 3674 o—*
340 / 36.7
J;jzg'o | 243 /’292
B240 1 24
19.0 | 16.6 /’/
) 20.8
14.0
00 | 740./%.2
PR et — —

60 72 8 96 108 120
CPURZHUA

Fig.6 The speedup of the parallelization under multi-nodes

4 Z
GRGO
: GRGO
: CPU :
., CPU 2
7.27

, CPU 120 ,

66 /2015

39

38.2

Jordi A, Wang D P. sbPOM: A parallel implementation
of  princenton model[J].

Modelling & Software, 2012, 38: 59-61.
Giunta G, Mariani P, Montella R, et al. POM: A nested,

ocean Environmental

scalable, parrallel and Fortran 90 implementation of the
princeton Ocean Model[J].
and Software 2007, 22(1) : 117-122.

Environmental Modelling

Mirin A A, Worley P H. Improving the performance
scalability of the community atmosphere model[J].
International Journal of High Performance Computing
Applications, 2012, 26(1): 17-30.

Tseng Y H, Ding C. Efficient parallel I/O in community
atmosphere model (CAM)[J]. International Journal of
High Performance Computing Applications, 2008,
22(2): 206-218.

Cowles G W. Parallelization of the FVCOM coastal
ocean model[J]. International Journal of High
Performance Computing Applications, 2008, 22(2):
177-193.

Pais V A, Fournier N, Sutton M A, et al. Using high
performance fortran to parallelise a multi-layer
atmospheric transport model[J].
2004, 30(1): 21-33.

Wu Y, Xu G, Zhao Y, Tan Y. Parallel processing on

WRF meteorological data using MPICH[C]//Proceedings-

Parallel Computing,

6th International Conference on Internet Computing for

Science and Engineering. United States: IEEE
Computer Society, 2012: 262-265.

Osthoff C, Grunmann P, Boito F, et al. Improving
performance on atmospheric models through a hybrid
OpenMP/MPI implementation[C]//Ninth IEEE International
Symposium on Parallel and Distributed Processing with
Applications. United States: IEEE Computer Society,
2011: 69-74.

Govett M, Hart L, Henderson T, et al. The scalable
modeling system: directived-based code parallelization
for distributed and

Parallel Computing, 2003, 29(8): 995-1020.

shared memory computers[J].

/5



e IRkE REPOATS

[10] Mak J, Choboter P, Lupo C. Numerical ocean modeling A&M University, 2005.
and simulation with CUDA[C] // MTS/IEEE Kona [12] s ) s C
Conference, OCEANS'l11. United States: IEEE [J] ,
Computer Society, 2011: 19-22. 2003, 21(4): 401-406
[11] Fang Y. A coupled model study of the remote influence [13] Quinn M J MPI OpenMP (C
of ENSO on tropical atlantics SST variability[D]. Texas )M] : ,2004: 134-136

A boundary correction method for the parallelization of
ocean model under MPI environment

FU Xiao-dan, LI Hong-ping
(College of Information Science and Engineering, Ocean University of China, Qingdao, Shandong, 266100,
China)

Received: May, 15,2014
Key words: boundary correction; parallelization; domain decomposition; MPI(message passing interface)

Abstract: Based on domain decomposition, this paper proposes a parallel technology for ocean model, and this
technology doesn’t need many changes of the original ocean model, which can parallelize the original ocean model
only by using MPI basic functions to construct data transmission module between sub-domains. Relative to rede-
velopment of a new parallel system, the parallel technology can quickly transform the serial solution of the original

model into parallel solution, and the parallel version of the ocean model can get a higher speedup.
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