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Fortran 77, Fortran90/95

sbPOMI&Fortran771Z&>TEgab

do k=2,kbm1
do j=2,jmml
do i=2,imm1
zflux(i,j,k)=.5e0*(f(i,j,k-1)+f(i,j,k))*w(i,},K)*art(i,))
end do
end do
end do
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SRAT O /—PC

(Intel core i7 2.13Ghz, 20104)
22 2al—a 5 7.6H

JAMSTECYSAXAA2—5tE#H: SGIICE
(Intel Xeon E5-2670 2.6 GHz, 2012%F)
2922l —i a3 % 1.9H

<SETHERE>

JAMSTECYSR42—EtEH#E SGIICE 16-core x 432 nodes
(Intel Xeon E5-2670 2.6 GHz, 2012%F)
22— 3 8.5/FHE]

BRHE I —HOXT—3> 16-core X 2 nodes
(Intel Xeon E5-2667 v2 3.3 GHz, 2013%)
2 22— 3 F: 5. 7FHE
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<JAMSTECKEIGTE#E AT Li>

[SX-9F/16A ] 2node [ICE X ] 432node [UV1000] 1node
RRNBXER: 29TFLOPS HRNAXNN: BREREMR:
#CPUm: 32CPU 143 7TFLOPS 10.8TFLOPS
BIEEBE: 278 Bcocel: 6.912c0ce Boorel: 1.024¢ccc0
J=Km:2 BIREWR:27TE BICEWER: TR

J-EM:432 /=FE:

No8ILE: 32CPU
S5 XA —: 6912core, 1024core
2> 1{SADREERERZIVEEIZEITTES
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Jordi and Wang (2012) ‘sbPOM: A parallel implementation of
Princenton Ocean Model’, Environmental Modelling & Software
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do j=2,jmm1
do i=2,imm1
elf(i,j)=elb(i,))

$ +dte2*(-(fluxua(i+1,j)-fluxua(i,)
$ +fluxva(i,j+1)-fluxvagi,j))/art(i,j)
$ -viluxf(i,j))
end do
end do

call bcond(1)

call exchange2d_mpi(elf,im,jm)

Arrays of model variables are defined on local range (im_local, jm_local)

imm1 (im-1) and jmm1(jm-1) do not indicate global range but local range
calculated by each processor .

Communications of model variables along the edge of local regions are required.
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n, - ElapseTime,

n/n,

Eff _
n-ElapseTime,

If completely effectively parallelized, we expect reduction of elapse time depending
on increase of number of processors. But communication of variables along

edges of localized regions need some time. Then elapsed time is not much
reduced with ineffective parallelization configuration.

If completely parallelized, Eff = 1. But in the ineffective cases, Eff < 1.
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Flg.2 4]

cebak: mefe{Fp g s R LR FIE
(a)
1026x770x31 grids s [
IBM Blue Gene / L h:
at Stony Brook University o
E 10’
sbPOM is able to maintain
a very good performance 10°
for large number of processors
10° Lo
(b)
1 o—o—o—o—o—v 35
The efficiency relative to ¢
performance on four §“ 0gl L
processors is very high 3
even for 2K processors T o8l ..
(almost 0.8).
071

(Jordi and Wang, 2010)

4 8 16 32 B4 128 256 512 1K 2K
Number of processors
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Initial condition of temperature T_global(1:i_global,1:_global,1:kb) should be
scattered to those of parallel processors: T(l'i local,1:] local,1:kb)

Reading files
Local
Each processor\
Local

Calculated temperature T_local(1:i_local,1:j local,1:kb) should be
merged into the global variable: T _global(1:i_global,1:j global,1:kb)

Writing files / m
Global
Master processor
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‘Parallel’ NetCDF is used for parallel 1/O in the original version of sbPOM.

But our Earth Simulator-2 do not allow use of the parallel NetCDF owing to
some technical problems.

Then | have modified the SBPOM to use usual NetCDF.

real glb3d(i_global,j_global,kb), t(i_local,j _local,kb)

Reading variables

status=nf_get var_real(ncid,t_varid,glb3d)
call handle_error_netcdf('nf_get var_real’, status,nf_noerr)
call scatter3d(t,glb3d)

Writing variables

call merge3d(glb3d,t)
if(my_task.eq.master_task) then
status=nf_put_var_real(ncid,t_varid,glb3d)
call handle_error_netcdf('nf_put_var real: t',status,nf_noerr)
end if
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‘Parallel’ NetCDF is used for parallel 1/O in the original version of sbPOM.

But our Earth Simulator-2 do not allow use of the parallel NetCDF owing to
some technical problems.

Then | have modified the SBPOM to use usual NetCDF.

real glb3d(i_global,j_global,kb), t(i_local,j _local,kb)

Reading variables

status=nf_get var_real(ncid,t_varid,glb3d)
call handle_error_netcdf('nf_get var_real’, status,nf_noerr)
call scatter3d(t,glb3d)

Writing variables

call merge3d(glb3d,t)
if(my_task.eq.master_task) then
status=nf_put_var_real(ncid,t_varid,glb3d)
call handle_error_netcdf('nf_put_var real: t',status,nf_noerr)
end if




shPOMD H 5

src/

pom.h: common block
pom.nml: name list

pom/pom.f: main program
/initilize_relax.f: initialization
/advance_relax.f: time integration of the model
/solver.f: dynamical core of Princeton Ocean Model
[fluxlib_rh_rt.f: bulk formulae for surface flux calculation
/timelib.f: calendar functions for hindcast simulations
/parallel_mpi.f: parallelization
/io_netcdf.F, meger_scatter.f: parallel /0O using NetCDF



sbPOM AL 7045 5 Ls: pom.f

I Initialize model
call initialize

I main loop
do iint=1,iend
call advance ! advance model
If(error_status.ne.0) then
If(my_task.eqg.master_task) write(*,’(/a)’) 'POM terminated
with error’
call finalize_mpi
stop
end If
end do

| finalize mpi
call finalize_mpi



sbPOM®D i 51| E%E : pom.h

parameter(
$ im_global=164 |, - B : B
$ jm_global=110, p _ Im9|0ba| 2 v nglobal 2
— proc . i
$ kb=21 ’ My —2 JM,ocal —2

$ im_local=83
$ jm_local=29 |,
$ n proc=8 )

$ pwd

$ /home/miyazawa/seto2/src/
$ make clean

$ make

$ Is —| pom.seto2.exe

$ mpirun —np 8 pom.seto2.exe
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PR RNEIKMIBFETILEEET S

UnixBEDARL—T42 0 O AT LEHIR
DS ARA—ETEH:: KERHLUNIXTHALiNnUXH IZLE
Macintosh: Mac OS XIZUnixTHYZEITRIEE (RiER
Windows: JEUnix > Vmplayer TR U E#HEZELLinuxE A
(Cygwin TIZEITLE)

HPERNBIKMEFETILOER: O—F3—L seto?
TZAES— R testl

TALORN)¥EE

seto2/ - prep/ i AL I ARNT—EIDIER
- in/ ARNT—%4 ANT—3% &N
- src/ ETO9 5L sbPOMALK
-run_testl FHEHFER H AT —3 %N

- post_testl {£ALIE Al fRIE T —31ERL
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Intel Fortran %} f=h%E
Gfortran E§

NetCDF: #%} http://www.unidata.ucar.edu/software/netcdf/

MPI:
’757«9—% FE R (T TLVRE R
OpenMPI #E#

SBEM D /—FPC(Windows) Tld.

Vmplayer(fr 28 << >), CentOS(Linux), Gfortran
NetCDF, OpenMPl D#HEHE
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AT —2ER (N F)—T—%3)
IKFESREARFT—21ERX (NetCDF)
SARE/KRIEE D T—21ER (NetCDF)
BImEmEREHT—21ERL (NetCDF)
FHEAET—24ERK (NetCDF)

sV ERET—S4YERL (Net CDF)
BRERT —21ERL (NetCDF)
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NYE—TF7ALIL
$ ncdump —h seto2.grid.nc

netcdf seto2.grid {
dimensions:
X=164;
y =110 ;
z=21;
variables:
double z(z) ;
z:long_name = "sigma of cell face" ;
z:units = "sigma_level" ;
z:standard _name = "ocean_sigma_coordinate" ;
z:formula_terms = "sigma: z eta: elb depth: h" ;

0] 2091V



NetCDFDHh 5% R 5

BFEH
$ ncdump —v z seto2.grid.nc

data:

z =0, -0.0078125, -0.015625, -0.03125, -0.0625, -0.125, -0.1875,
-0.25, -0.3125, -0.375, -0.4375, -0.5, -0.5625, -0.625, -0.6875, -
0.75, -0.8125, -0.875, -0.9375, -0.96875, -1 ;

}

oL~ JL



NetCDF®DYE &

TJ7AILDRNBZTRIRT HINVA —T7(ILERET S
¥F : seto2.grid.hdr
KB 18 5 T AE(E : seto2.tsclim.hdr
BIEE R &4 seto2.lbc.hdr
YRR S - seto2.ic.hdr
5\ ERIMET —4 : seto2.tsdata.hdr
BERRT—4:seto2.atm.hdr

NetCDFaY > KT, NetCOF T —32KREKZEERK T %
$ ncgen —o seto2.grid.nc seto2.grid.hdr
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IKFEEREFRFIERL

BLFH 44X imxjmx kb (164 x 110 x21)

BREERER (BE. BE)
IKFIEF
R mEE:

dx(i,j) = R cos(latitude) dlon(i,j) R: #hEk3#E
At 75 I fE b

dy(i,)) = R dlat(l,))

INERT BTk
BE H(L) x dz(k) H(i.j): &AIKER
KZE H(,)) x 2(k) z(K): TR (0->-1)
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seto2/ - src/ makefile Y—XaA—KDaA /N ILFE|EEE
pom/  sbPOM®DY/—Xa—F
pom.h sbPOMMDZEHZER (QFLTAOVY)
sbPOM® ifi 51| £ % & ik
run.seto2.sh £47zJLRI) Tk
pom.seto2.exe A/ \A JLEEITRIBGET 71 )L

OV UREST

seto2/src/ |ZF& &l

> make (pom.seto2.exe)
> run.seto2.sh >& log &
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HEHER(INetCDF77MILELTH SN S

seto2/ - run_testl/ - out/
18E 254 set02.00001.nc

set02.00730.nc

seto2/ - post_testl/ - makefile

- src/ YR EN ) Ak dy
seto2/post_testl/ Z1ERL. £ ZIZHEE)
> make (nc2grd.x)
> nc2grd.x 1 730 ../run_testl/out/
EHBITNAF)—T -3 K
u.2011010200.dat, v.2011010200.dat,
t.2011010200.dat, s.2011010200.dat
e.2011010200.dat ...
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GrADS: > grads -p

ga-> open t.2011041200.ctl

Scanning description file: t.2011041200.ctl
Data file t.2011041200.dat is open as file 1
T H 7. LON set to 130.986 135.513
o e Y ) LAT set to 31.9861 35.014

« Downloads » Documentation « Users Forum » GDS

| LEV set to -1000 -1000

The Grid Analysis and Display System (GrADS) is an interactive desktop tool that is used for easy access, -

manipulation, and visualization of earth science data. GrADS has two data modeis for handling gridded and - " - - - - L
station data. GrADS supports many data file formats, including binary (stream or sequential), GRIB . . . . . . .
(version 1 and 2), NetCDF, HDF (version 4 and 5), and BUFR (for station data). GrADS has been

implemented worldwide on a vanety of commonly used operating systems and is freely distributed over the

S Esettoll
GrADS uses a 5-Di data the four latitude

vertical level, and time) plus an optional 5th dimension for grids that is generally implemented but designed
to be used for ensembles. Data sets are placed within the 5-D space by use of a data descriptor file
GrADS handiles grids that are regular, non-linearty spaced, gaussian, o of variable resolution. Data from g a_ >

http://iges.org/grads/

I7AIMF) RRE)
s [ Google (B » ENYA - [B-SIDES & -8 -

different data sets may be graphically overlaid, with correct spatial and time registration. Operations are
executed interactively by entering FORTRAN-like expressions at the command line. A rich set of built-in
functions are provided, but users may also add their own functions as external routines written in any

i =i UV(m/s) T(deg.c) Om 2011121200

Data may be displayed using a variety of graphical techniques: line and bar graphs, scatter plots

smoothed contours, shaded contours, streamlines, wind vectors, grid boxes, shaded grid boxes, and 35N
station model plots. Graphics may be output in PostScript of image formats. GrADS provides geophysically

intuitive defaults, but the user has the option to control all aspects of graphics output

GrADS has a programmable interface (scripting ge) that allows for analysis and
display applications. Use scripts to display buttons and dropmenus as well as graphics, and then take
action based on user point-and-clicks. GrADS can be run in batch mode, and the scripting language
facilitates using GrADS to do long overnight batch jobs 34.5N 4
Here's an unofficial, unsorted, and incomplete hist of web sites that use GrADS

Dawnloadina the Software
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