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File I/O Arbitrator Middleware for
Real-Time Severe Weather Prediction System

SHIGENORI OTSUKAZ? HIROFUMI TOMITA? SEIYA NISHIZAWAZ

Abstract: A high-resolution 30-minute numerical weather prediction system, using weather observable data
that is available every 30 seconds, is being developed. In this system, 100-case ensemble simulations and
data assimilation of results and observed data are performed every 30 seconds to predict 30 minute weather.
Because the simulation and data assimilation programs are independently developed, data is exchanged via
files. The middle-ware of a file I/O arbitrator, called FARB, is proposed to reduce the data exchange over-
head between simulations and data assimilation. FARB extends the netCDF API, widely used as file I/O
APIT in weather/climate applications, so that data is directory transferred between two jobs. FARB has been
implemented using the MPI communication library. It performs more than three times faster than file I/O
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operations, and it reduces more than 2.6 second I/O processing time.
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Data assimilation
Using 18,000 nodes

100 case ensemble simulations
Using 180 nodes x 100
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NC_Request req[2]; NC_Status stat[2];
1* initialization part */
nc_create("farb:0", NC_FARB, &ncid);

/¥ initialization part */
nc_create("data.nc", ncmode, &ncid);

nc_def_dim(ncid, "Y", dimlen[0], &dimids[0]); nc_def_dim(ncid, "Y". dimlen[0], &dimids[0]):
nc_def_dim(ncid, "X", dimlen[1], &dimids[1]): nc_def_dim(ncid, "X", dimlen[1], &dimids[1]);
nc_def_var(ncid, "V0", NC_INT, 2, dimids, &vid[0]); nc_def_var(ncid, "V0", NC_INT, 2, dimids, &vid[0]);
nc_def_var(ncid, "V1", NC_INT, 2, dimids, &vid[1]); nc_def_var(ncid, "V1", NC_INT, 2, dimids, 8vid[1]);
nc_enddef(ncid): nc_enddef(ncid);

. o, for(i=0;i<2;i++)

[* main computation */ nc_put_vara_init(ncid, vid[i], startp, countp, buf+i*N, req+i);
[* data output */ /¥ main computation */

for (i=0;i<2; i++) /* data transfer */
] o - ata transter
nc_put_vara(nid, vid[i], startp, countp, buf+i*N); no_startall(2, req):

04 netCDFOOO0OOO0O0OOO nc_waitall(2, req, stat);

06 FARBOOOOODOOOODOO

[* initialization part */ NC_Request req[2]; NC_Status stat[2];
nc_open("data.nc", ncmode, &ncid); r 'mt'al'za?o';_%?n& FARB. &ncid):
nc_ing_var(ncid, "V0", &vid[0]); nc_open( farb: et )

. A o - ' nc_ing_var(ncid, "V0", &vid[0]);
nc_ing_var(ncid, "V1", &vid[1]); nc_ing_var(ncid. "V1". &id[1])
/* data input */ for (i=0:1<2; i++)
for (i =0:i<2 i++) nc_get_vara_init(ncid, vid[i], startp, countp, buf+*N, req+);

nc_get_vara(ncid, vid[i], startp, countp, buf+i*N);
~get_vara(ncid, vid(il P. P, ) /* data transfer */
05 netCDFOODOOOOOODOOO nc_startall(2, req):
nc_waitall(2, req, stat);
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0 2 Oakleaf-FX OO0O
Specifications

CPU (SPARC64T™I1Xfx)

Number of Cores 16
Clock 1.848 GHz
Memory 32 GB
Memory Bandwidth 85 GB/s
Interconnect (Tofu Interconnect)
Bisection Bandwidth 5 GB/s

Topology 6-D Mesh/Torus

4. 00U

41 00O00DOOOOOOO
00000000000 3000000 10000000
0000000000000000000000000
000000000000 00000000000000
000000000000000000000 20000
00000000000000000000000000
00000000000 000000000000000
000000000000 0000000000000
000000000000 00000000000000
00000000000000 C(E,N,M,X)0000
O0C(E,N,M,X)00000000000000000
ooo

e £:000000DODOOOODODOOOOOO

oooooo

e N:00D0O0DDODOCOODODOOOIOODOO

D0ooooooog

e M:000DO0DODDODOOCOOCOODODOOOO

DoooQ

e X:0ODODOD
0200000000000000000000000
C(100,180,100,819KB) 000 000000000000
C(100,1,100,819KB) 00000000 100 x 80 000
0000000000000 00O000000000
000000000000 0000000000000
0000000000000 0000O00000000
000000000000 0000000000000
0000000000 ¢(100,1,100,819KB) 000000
C(100,180,100,819KB) 0 00000000000

4.2 FARBOO
0000000000000000000000000
Oakleaf- FXO OO OO FX1000OOO FARBOOO OO
00000000D00akleat FXOODODODO 200000
90 C(100,1,100, X) where 16kiB < X < AMiBO OO
00000000000000000000000000
00000000000 S(KB)OODOOOOOO T(msec)

2015 Information Processing Society of Japan

Vol.2015-HPC-148 No.37
2015/3/3

250.00

200.00

150.00

Time (msec)

100.00
50.00

0.00

.0.00 E+00 1.00E+06 2.00E+06 3.00E+06

Data Transfer Size (Byte)
o9 C(lOO,l,lOO,X) oooobobo

4.00E+06 5.00E+06

B opicc B o o 1 B cisuribuee

comm comm read

pack pack write

Time (seconds)
)
)

total total total total
0.71s 1.22s 3.87s 4.43s

| | 0- i '
MPI FARB FILE NETCDF

0 10 C(100,1,100,819KB) 000000000 OOO

nfufa¥ulufalalufs
T =5/20

00000000 S=\819KBOODO0O0OO0O0O0O00oon 41
msecJ 000000000 300000000000O0DO0O
00b0000bO0o0bo0obboOd 4 msecd00OOODOOO
gogbooooboobbooboo
000C¢(100,1,100,819KB) 000000000000
ggoooobobboooooooobobbbboooog
glooo4b0ooboooboooooobooobboooobo
MPIOOODOOUODODOODODOOOOOODODOODOO
O000D0000D00OFARBOOOOODOOOOD/O00
OO0 APIOODOOOO0O0OOODOOOOODOOOOOO
gooooooooMpPIDODOOOOOOODOOOOOO
gogooobbobbboooooobobobobboooodg
FILEOOOMPIODODOOOOOOODOODOODODO
gogboobobobobuooboobuoobboooboon
0000000000000 00000netCODFOOOO
O00netCDFOOOO0OO0OOOOOO I/O 0O netCDF
gbo0030000boooboooooooMPIODOO
oo0oo0O0o0oOowrooobogooooooooooooog
gogbooooboboobuoobooboboobobooboon
gogboobobobbooboobuoobbooboon
gobogdl12200000b0oboobooobobooooan
gooobobobbooogo 280bbbooooooon



ooooboooooo
IPSJ SIG Technical Report

goboobogn
gogboobobobobobboobuooboobboo
ooooog ¢(100,180,100,819KB) O 00 00 0O OFARB
0o0ooog ¢(100,1,100,819KB) 00000000000
0b0ob0obo0ob0o0ooooboobDobDOoooog FILEO
OO0 netCDFOO0OOODODODOOOODOOCOODOO
000000000000 0000D0DD00O000OUFARB
goboobooboobboobuooboobboon
ooobo0o0ob0o0obOoouobOOo0oooboboOonbog FX10
goboobooboobboobuooboobboon
gogbobooobbolbooobouoobbooooo
gopboobogobooboobobooo

5. Qoo

5.1 0ODOOO0O0OO
FARBOOOOOOOOOOODODODOOOOOOOOO
gbobooooboboouoobbobobuoobo
0000000 0Model Coupling Toolkit (MCT)[7], [8]C
OASIS4 [9] 0 O-PALM [10] 000 DO00OFARBOO OO
gdddoooooobobbobobbbbobooooooa
gddoooooooobobobobbbboobooooga
000000 [11)0000000ooooon
(1)Oooooooooooooo
MCT O OASIS40O-PALM OO OO0ODOOCOOOO
OO0 APIODUOODOCOOOOUOFARB O netCDF
OAPIODO0O0OOO0ODOOOOOOODOOOOOOO
Joddoooooooooooobobobobobooon
(2)0000000regrid0
Joooooooooobbbobbbboooooo
Jooooooooobobbbobbbbboooooo
Joooooooooobbbobbbbooogoo
00o00o0oo0oooo0ooooFARBOOODOOO
doooooooooobbobobboboobooogd
doooooooooobobobobbobooooooad
000000000 (regrid) 00000000000
doooooooooobobobobbbobooooooad
goooooooo
(3) 000000
0000000000000 00 OASIS4 910 O-
PALM (100 0000000000000 0O0O0O0O
O00000000O0OO0ASIS400 Drivee OO OO
doooooooooobobobobbobobooooooad
OODriver OO OO0OOOOOODOOODOOODOO
doooooooooobobbobbooooooooa
0000000000000 ooFARBOOODOOO
doooooooooo

2015 Information Processing Society of Japan

Vol.2015-HPC-148 No.37
2015/3/3

5.2 POSIX IO API
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