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MPI-IO DY D7 D T 788

« MPI-IO (& (%)) 7 7AILYRTALZ MPl EWSHEHTHIR
LLiZHD

» ERERLOTEDICEY MBHRZERET ZENTEDXDICEOTNSD
 MPI-IO OEEICKFULIE/INSX—=5
¢ WL FAMILIYRTLAKEFULINOA—=S

« MPI-IO ZEBWEHA IO SA4T7SUBHBFEET D
 Parallel netCDF nhttp://trac.mcs.anl.gov/projects/parallel-netcdf/

(Parallel netCDF)
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MPI-10 - open & close

(C: MPI_File_open( MPI_Comm comm, char *filename,
int amode, MPI_Info info, MP1_File *fh)
MPI_File_close( MPI_File *th )
F: MPI_FILE_OPEN( comm, filename, amode, info, fh, ierr)
MPI_FILE_CLOSE( fh, ierr)

\ _ _ J

e

e £EMMFEHEL (D=2 =5—% comm [CE
TLRATRIUKD ICHEVOEITHENLD D)

« amode :XBZHR

e info: 7271ILRTANANDEY ~ (MPILINFO _NULL)

e th: J71IJUI\VERIL - ZNIET L7 7 AMILZRET S

l

I23ETCOTO

Sl
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MPI_File_open [C& (T35 amode

e amode - POLRE—K
e IFDEDEY ~ OR

e MPI_MODE_RDONLY — read only,

e MPI_MODE_RDWR — reading and writing,

e MPI_MODE_WRONLY — write only,

e MPI_MODE_CREATE — create the file if it does not exist,

e MPI_MODE_EXCL — error if creating file that already exists,

e MPI_MODE_DELETE_ON_CLOSE — delete file on close,

e MPI_MODE_UNIQUE_OPEN — file will not be concurrently opened elsewhere,
e MPI_MODE_SEQUENTIAL — file will only be accessed sequentially,

e MPI_MODE_APPEND — set initial position of all file pointers to end of file.

RIKEN AICS HPC Spring School 2015/3/6 7
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MPI File set view

C: MPIL_File_set_view( MPI_File *fh, MPI_Offset disp,
MPI|_Datatype etype, MPI_Datatype ftype,
char *datarep )

\F: MPI_FILE_SET_VIEW( th, disp, etype, ftype, datarep, ierr )

 Collective B3
+ ftype : etype Di|RET —YBT. CNERARLTOELRINZDT
LD FP ZHAWT 7O ERT 3T 71 ILDED%ERT
 datarep : 7 7 M ILICIHEINT DEET —YDRIFAX (i)
* “native” NI VBEBEDINAF U —FKIE (EZTHR)
+ “internal” (native & external32 O %PR)
¢ “external32” HoEH—MREITOMHEDHD/I\1F ) —FKIR
e info: J7MILYRTAICEZZEY MER (Y RTLKE)
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MPI-10 [C& (7D Datatype

* etype (elementary type)
27AIICTP O LR DiGPI7ZERT EANGREY
« READ/WRITE TEEESNDT—YEE type

signature H\E U TR IFNIFRSIRL (BEXREE
UEART—YBITHDZ L)
* ftype (file type)
2747 O CRZRENTBEHDTVTL— K
« TOA)LE
* etype : MPI_BYTE
» ftype : MPI_BYTE
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MPI_File_open & MPI_File_set_view
. 1_-_.% I\/IPI Flle set_view (& MPI_File_open @
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271)LD 10

C: MPI_File_read( MPI_File fh, void *buf, int count, MPI_Datatype type, MP|_Status *status)
MPI_File_read_all( MPI_File fh, void *buf, int count, MPI_Datatype type, MPI_Status *status)
MPI_File_read_at( MPI_File fh, MPI_Offset off, void *buf, int count, MPI_Datatype type,

MPI|_Status *status)
MPI_File_read_at_all( MPI_File fh, MPI_Offset off, void *buf, int count, MPI_Datatype type,
MPI|_Status *status)

MPI_File_write( MPI_File fth, void *buf, int count, MPI_Datatype type, MPI_Status *status)

MPI_File_write_all( MPI_File fh, void *buf, int count, MPI_Datatype type, MPI_Status *status)

MPI_File_write_at( MPI_File fh, MPI_Offset off, void *buf, int count, MPIl_Datatype type,
MPI1_Status *status)

MPI_File_write_at_all( MPI_File fh, MPI_Offset off, void *buf, int count, MPI_Datatype type,
MPI_Status *status)

F: MPI_FILE_READ( fh, buf, count, datatype, status, ierr )
MPI_FILE_READ_ALL( fh, buf, count, datatype, status, ierr)
MPI_FILE_READ_AT( th, offset, buf, count, datatype, status, ierr)
MPI_FILE_READ_AT_ALL( fh, offset, buf, count, datatype, status, ierr )

MPI_FILE_WRITE( fh, buf, count, datatype, status, ierr )
MPI_FILE_WRITE_ALL( fh, buf, count, datatype, status, ierr )
MPI_FILE_WRITE_AT( fh, offset, buf, count, datatype, status, ierr )
MPI_FILE_WRITE_AT_ALL( fh, offset, buf, count, datatype, status, ierr )

RIKEN AICS HPC Summer School 2013
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MPI| Status

4 )
C: MPI_Get_count( MP|_Status status, MPI_Datatype type, int *count )
F: MPI_GET_COUNT( status, type, count, ierr)

\- J

« MPI| Status
e IXF1BEICHIFTDRE
e« MPI-IO [CE(FBDT—5 D read/write
 MPI_Status (CXU. MPI_GET_COUNT ZM3
E. ZD status TR UERIEICH(FDT—YDE
HHIWRD
s I 1BEDRE : XIELIET—5 DEH
« MPI-IO : 1/0 L7eT7—% DOE#
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file pointers

MPI_FILE_WRITE

positioning || synchronism coordination
noncollective collective
explicit blocking MPI_FILE_READ_AT MPI_FILE_READ_AT _ALL
offsets MPI_FILE_WRITE_AT MPI_FILE_WRITE_AT_ALL
nonblocking € || MPI_FILE_IREAD_AT MPI_FILE_READ_AT_ALL_BEGIN
split collective MPI_FILE_READ_AT_ALL_END
MPI_FILE_IWRITE_AT MPI_FILE_WRITE_AT_ALL_BEGIN
MPI_FILE_WRITE_AT_ALL_END
individual blocking MPI_FILE_READ MPI_FILE_READ_ALL

MPI_FILE_WRITE_ALL

nonblocking €
split collective

MPI_FILE_IREAD

MPI_FILE_IWRITE

MPI_FILE_READ_ALL_BEGIN
MPI_FILE_READ_ALL_END
MPI_FILE_WRITE_ALL_BEGIN
MPI_FILE_WRITE_ALL_END

shared
file pointer

blocking

MPI_FILE_READ_SHARED
MPI_FILE_WRITE_SHARED

MPI_FILE_READ_ORDERED
MPI_FILE_WRITE_ORDERED

nonblocking &
split collective

MPI_FILE_IREAD_SHARED

MPI_FILE_IWRITE_SHARED

MPI_FILE_READ_ORDERED_BEGIN

MPI_FILE_READ_ORDERED_END

MPI_FILE_WRITE_ORDERED_BEGIN

MPI_FILE_WRITE_ORDERED_END

RIKEN AICS HPC Spring School
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MPI-IO [EHFD771ILOPOER

e Collective IO

+ %6 10
* File Pointer

o« VORI BIGFIDIETE

 File View

e B4R DTOLRADE|DF(F

* (Non) Blocking IO

¢+ 10 EEHEBDA—IN—SvT
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file pointers

MPI_FILE_WRITE

positioning || synchronism coordination
noncollective collective
explicit blocking MPI_FILE_READ_AT MPI_FILE_READ_AT _ALL
offsets MPI_FILE_WRITE_AT MPI_FILE_WRITE_AT_ALL
nonblocking € || MPI_FILE_IREAD_AT MPI_FILE_READ_AT_ALL_BEGIN
split collective MPI_FILE_READ_AT_ALL_END
MPI_FILE_IWRITE_AT MPI_FILE_WRITE_AT_ALL_BEGIN
MPI_FILE_WRITE_AT_ALL_END
individual blocking MPI_FILE_READ MPI_FILE_READ_ALL

MPI_FILE_WRITE_ALL

nonblocking €
split collective

MPI_FILE_IREAD

MPI_FILE_IWRITE

MPI_FILE_READ_ALL_BEGIN
MPI_FILE_READ_ALL_END
MPI_FILE_WRITE_ALL_BEGIN
MPI_FILE_WRITE_ALL_END

shared
file pointer

blocking

MPI_FILE_READ_SHARED
MPI_FILE_WRITE_SHARED

MPI_FILE_READ_ORDERED
MPI_FILE_WRITE_ORDERED

nonblocking &
split collective

MPI_FILE_IREAD_SHARED

MPI_FILE_IWRITE_SHARED

MPI_FILE_READ_ORDERED_BEGIN

MPI_FILE_READ_ORDERED_END

MPI_FILE_WRITE_ORDERED_BEGIN

MPI_FILE_WRITE_ORDERED_END
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Rank O

Rank 2

Rank O Rank
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Rank 1

Rank 3 kA= < 1 312,

BRADRITED K E L 1R
B2, HWIO [T

Rank O Rank1 RankO Rank3 Rank2 Rank3

OHEEREEA00EEEEEE EEEE BEEEEEEEEREE

RIKEN AICS HPC Spring School

2015/3/6 -

15%E3H6HEEH



Collective 10

¢« 2TD/—RHREFICIO TBZET, MHIWNWT—FZEDFTREDHBZ
EHNTE (MPI D@EE) . BRELTIO DT—YEZ2KELTDBZ
EMNTED, Derived Datatype HEIFFICEL, 10D 10 FEETKD
Z< DEEDT —FZIBEIT DI EHNKE
BFIC. T 7AILICT O CRYT DiGPIZERICT D EHoJEE
faee UT, 10 gEhREL<@ LTS

rank O rank 1 rank 2 rank 3

collective IO non-collective 10

| 274
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MPI-I0 RV F T —%
. BTHI0:  MPIIO RYFY—oF0S5A
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Collective I/O DI =

BT-10 Full

BT-I0 Simple

subroutine setup_btio

include 'header.h'
include 'mpinpb.h'

integer ierr

integer mstatus(MPI_STATUS_SIZE)

integer sizes(4), starts(4), subsizes(4)

integer cell_btype(maxcells), cell_ftype(maxcells)
integer cell_blength(maxcells)

integer info

character*20 cb_nodes, cb_size

integer c, m

integer cell_disp(maxcells)

call mpi_bcast(collbuf_nodes, 1, MPI_INTEGER,
> root, comm_setup, ierr)

call mpi_bcast(collbuf_size, 1, MPI_INTEGER,
> root, comm_setup, ierr)

if (collbuf_nodes .eq. 0) then
info = MPI_INFO_NULL
else
write (cb_nodes,*) collbuf_nodes
write (cb_size,*) collbuf_size
call MPI_Info_create(info, ierr)
call MPI_Info_set(info, 'cb_nodes', cb_nodes, ierr)
call MPI_Info_set(info, 'cb_buffer_size', cb_size,
ierr)
call MPI_Info_set(info, 'collective_buffering', 'true’,
ierr)
endif

call MPI_Type_contiguous(5,
MPI_DOUBLE_PRECISION,
element, ierr)
call MPI_Type_commit(element, ierr)
call MPI_Type_extent(element, eltext, ierr)

do c=1, ncells
c
¢ Outer array dimensions ar same for every cell

c
sizes(1) = IMAX+4
sizes(2) = JIMAX+4
sizes(3) = KMAX+4

c
c 4th dimension is cell number, total of maxcells cells
c

sizes(4) = maxcells
c
¢ Internal dimensions of cells can differ slightly between
cells
c

subsizes(1) = cell_size(1, c)

subsizes(2) = cell_size(2
subsizes(3) = ceII_S|ze(3 c)
c
c Cell is 4th dimension, 1 cell per cell type to handle
varying
c cell sub-array sizes
c
subsizes(4) = 1
c

¢ type constructors use 0-based start addresses
c

starts(1) =2
starts(2) = 2
starts(3) = 2
starts(4) = c-1

c

¢ Create buftype for a cell

c

call MPI_Type_create_subarray(4, sizes,
subsizes,
$ starts, MPI_ORDER_FORTRAN, element,
$ cell_btype(c), ierr)
c
¢ block length and displacement for joining cells -
¢ 1 cell buftype per block, cell buftypes have own
displacment
¢ generated from cell number (4th array dimension)
c
cell_blength(c) =

cell_disp(c) =
enddo
c
¢ Create combined buftype for all cells
c
call MPI_Type_struct(ncells, cell_blength, cell_disp,
$ cell_btype, combined_btype, ierr)
call MPI_Type_commit(combined_btype, ierr)
do c =1, ncells
c
c Entire array size
c
sizes(1) = PROBLEM_SIZE
sizes(2) = PROBLEM_SIZE
sizes(3) = PROBLEM_SIZE
c
¢ Size of c'th cell
c
subsizes(1) = cell_size(1, ¢)
subsizes(2) = cell_size(2, ¢)
subsizes(3) = cell_size(3, ¢)
c

¢ Starting point in full array of c'th cell

starts(1) = cell_low(1,c)
starts(2) = cell_low(2,c)
starts(3) = cell_low(3,c)

call MPI_Type_create_subarray(3, sizes,
subsizes,
$ starts, MPI_ORDER_FORTRAN,
$ element, cell_ftype(c), ierr)
cell_blength(c) =
cell_disp(c) =
enddo

call MPI_Type_struct(ncells, cell_blength, cell_disp,
$ cell_ftype, combined_ftype, ierr)
call MPI_Type_commit(combined_ftype, ierr)

iseek=0
if (node .eq. root) then
call MPI_File_delete(filenm, MPI_INFO_NULL,
ierr)
endif

call MPI_Barrier(comm_solve, ierr)

call MPI_File_open(comm_solve,
$ filenm,
$ MPI_MODE_RDWR+MPI_MODE_CREATE,
$ MPI_INFO_NULL, fp, ierr)

if (ierr .ne. MPI_SUCCESS) then
print *, 'Error opening file'
stop

endif

call MPI_File_set_view(fp, iseek, element,
$ combined_ftype, 'native', info, ierr)

if (ierr .ne. MPI_SUCCESS) then
print *, 'Error setting file view'
stop

endif

dom=1,5
xce_sub(m) =
end do

0.d0

idump_sub =0

return
end

subroutine setup_btio
include 'header.h'
include 'mpinpb.h'
integer m, ierr
iseek=0
if (node .eq. root) then
call MPI_File_delete(filenm, MPI_INFO_NULL, ierr)
endif

call MPI_Barrier(comm_solve, ierr)

call MPI_File_open(comm_solve,

$ filenm,

$ MPI_MODE_RDWR + MPI_MODE_CREATE,

$ MPI_INFO_NULL,

$ fp,

$ ierr)

call MPI_File_set_view(fp,

$ iseek, MPI_DOUBLE_PRECISION, MPI_DOUBLE_PRECISION,
$ 'native’, MPI_INFO_NULL, ierr)

if (ierr .ne. MPI_SUCCESS) then
print *, 'Error opening file'
stop

endif

dom=1,5
xce_sub(m) =
end do

0.d0

idump_sub =0

return
end
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offsets

MPI_FILE_WRITE_AT

positioning § synchronism coordination
noncollective collective
explicit blocking MPI_FILE_READ_AT MPI_FILE_READ_AT _ALL

MPI_FILE_WRITE_AT _ALL

nonblocking &
split collective

MPI_FILE_IREAD _AT

MPI_FILE_IWRITE_AT

MPI_FILE_READ_AT_ALL_BEGIN
MPI_FILE_READ_AT_ALL_END
MPI_FILE_WRITE_AT_ALL_BEGIN
MPI_FILE_WRITE_AT_ALL_END

individual

file pointers

blocking

MPI_FILE_READ
MPI_FILE_WRITE

MPI_FILE_READ_ALL
MPI_FILE_WRITE_ALL

nonblocking €
split collective

MPI_FILE_IREAD

MPI_FILE_IWRITE

MPI_FILE_READ_ALL_BEGIN
MPI_FILE_READ_ALL_END
MPI_FILE_WRITE_ALL_BEGIN
MPI_FILE_WRITE_ALL_END

shared
file pointer

blocking

MPI_FILE_READ_SHARED
MPI_FILE_WRITE_SHARED

MPI_FILE_READ_ORDERED
MPI_FILE_WRITE_ORDERED

nonblocking &
split collective

MPI_FILE_IREAD_SHARED

MPI_FILE_IWRITE_SHARED

MPI_FILE_READ_ORDERED_BEGIN

MPI_FILE_READ_ORDERED_END

MPI_FILE_WRITE_ORDERED_BEGIN

MPI_FILE_WRITE_ORDERED_END

RIKEN AICS HPC Spring School
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File Pointer [Er2
¢ XRTOUSLD IO TlE. file pointer (ORI
BfE) hOEDRET (BRIC) HB
« AT O SATIE, 18 510)7 Ot AN REFICEAD
7e&(C. file pointer DIRWISEFRIT DHED D D

1ZR

write( “abc” )
write( "def” )

il
Rank O Rank 1 Rank2 Rank 3

write( “stu” )
write( “vwx” )

write( “abc™ ) | |write( "ghi” ) ||write( "'mno” )
write( “def” ) | | write( “jkI” ) || write( "pgr™ )

\ 4

alblc|dl|e]lf
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POCRIDGPIOEEDLA (31E%8)

Rank O Rank 1
) YA write_at( “abc”, 0) write_at( “ghi”, 6 )
] FP %15\19 d\L write_at( “def”, 3) write_at( “jkI”, 9 )
. 10 BFIC®
ol1|l2|3|l4]l5]|6]|7]8]9]10l11]12]13
(LiﬁPﬁ%j:ETa_ alblcldlelflagln]lilijlk]i
D seek(0) seek (6)
. write( "abc” ) write( “ghi” )
2. J0tLRE(IC write( “def” ) write( “jkI”)
FP 73&‘{%{:: Jd 3 ol1l2]|3|4]|l5s5]le6|7]|8]l9]|10|11]12]13
a b C d e f g h [ J k I
3. 771 ILICDO& .
- seek(0) :barrier () barrier() -write( “ghi”)
DIENT FP DYF  |varrier)  iwrite(“def’) | |barrier)  write( “jkI")
7__3_% write( “abc” ) gbarrier() barrier() :
) ol1l2l3lals|se]|l7ls8]olioli1]i2]i13
1 1
= ,E"\ - alblc|ld]lelflglh|il]lijlk]!1
RIKEN AICS HPC Spring School 2015/3/6 o4
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2FEXED File Pointer

.

C: MPI_File_seek( MPI_File fh, MPI_Offset off, int whence )
MPI|_File_seek_shared( MPI_File th, MPI_Offset off, int whence )
MPI_File_get_position( MPI_File th, MPI_Offset *off )
MPI_File_get_position_shared (MPI_File *th, MPI_Offset *off )

F: MPI_FILE_SEEK( fh, offset, whence, ierr)
MPI_FILE_SEEK_SHARED( fh, off, whence, ierr)
MPI_FILE_GET_POSITION( fh, off, ierr )
MPI_FILE_GET_POSITION_SHARED( fh, off, ierr)

 MPI_FILE_SEEK  MPI_FILE_GET_POSITION
« JO0TLREBED FP Z5&TE « JOTCREED FP D%
ERS SES
 MPI_FILE_SEEK_SHARED « MPIL_FILE_GET_POSITION_
+» B FP Z&RET D SHARED
« LB FP DfeZE2

RIKEN AICS HPC Summer School 2013 25
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Write at all & Read at all

.
C: MPIL_File_write_at_all( MPI_File fh, MPI_Offset off, void *data,
int count, MP|_Datatype type, MPI_Status status )
MPI_File_read_at_all( MPI_File fh, MP|_Offset off, void *data,
int count, MP|_Datatype type, MPI_Status status )
F: MPI_FILE_WRITE_AT_ALL( fh, offset, data, count, type,
status, ierr)
MPI_FILE_READ_AT_ALL( fh, offset, data, count, type,
status, ierr )

s EE =Nz Offset 5. count {E#D type T
IBESNET—YEID data 22A8 /50A D
 ZNSDEEETII file pointer Z{E17RL\,

RIKEN AICS HPC Summer School 2013
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C: MPIL_File_delete( char *filename, MPIl_Info info )
MPI|_File_preallocate( MPI_File th, MPI_Offset size )
MPI_File_get_size( MPI_File fh, MPI_Offset *size )

F: MPI_FILE_DELETE( filename, info, ierr)
MPI_FILE_PREALLOCATE( fh, size, ierr)
MPI_FILE_GET_SIZE( fh, size, ierr )

\_

« MPI| FILE DELETE

o 771 JLDHEIBR
« MPI FILE_PREALLOCATE

o V7101 XZERRICEADRICHERT D
 MPI| FILE_GET _SIZE

¢« J7AMILDKRKEZZFD

RIKEN AICS HPC Summer School 2013
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MPI-IO DX & &

e 3D 77U LRI BDIGAADIBEAE
e ZICIETET D MPI_File ** at()
« J70CREED File Pointer
. File View DISEDH O] &EE
7AILI\Y RILTHEBEENS File Pointer
. LL\GDTT‘é%Uﬂ DRV EKSIC
* Collective IO
» Derived Datatype & Collective IO Z#HE
DETED ERLBZEDIEHZEL)

RIKEN AICS HPC Spring School 2015/3/6 58
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C: double MPI_Wtime( void )
F: DOUBLE PRECISION MPI_WTIME()

« MEMNDKXZIRT

)

double dt, ts, te;

MPI|_Barrier( MPI_COMM_WORLD );
ts = MPI_Wtime();

MPI_Barrier( MPI_COMM_WORLD );
te = MPl_Witime();
dt = te - ts;

RIKEN AICS HPC Summer School 2013
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NS E
JEBES 6% é
e 47701ER (DVY) ODFNEFNH. THICRT
W nBeHzEF>TLCEF. MPI-IO ZBUWTHE D

937005 ALMF1ERTE L,
NN AR BRSO AS (&
Rank-O—+Rank-1 100x100& 33
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MPI_Init( &argc, &argv ); starts[1] = LEN;
MPI_Comm_rank( MPI_COMM_WORLD, &rank ); break;
}

nsizes[0] = LEN*2;

nsizes[1] = LEN*2; for( i=0; i<LEN; i++ ) {

nssizes[0] = LEN; for( j=0; j<LEN; j++ ) {

nssizes[1] = LEN; a[i][j] = val;

}

switch( rank ) { }

case 0O:
val = 11.0; MPI_Type_create_subarray( 2, nsizes, nssizes, starts,
starts[0] = O; MPI_ORDER_C, MPI_DOUBLE, &type );
starts[1] = 0; MPI_Type_commit( &type );
break; MPI_Type_size( type, &tsz );

case 1: MPI_File_open( MPI_COMM_WORLD,
val = 13.0; "example.dat",
starts[0] = O; MPl_MODE_CREATEIMPI_MODE_RDWR,
starts[1] = LEN; MPI_INFO_NULL,
break; &fh);

case 2: MPI_File_set_view( fh, 0, MPI_DOUBLE, type, "native",
val = 15.0; MPI_INFO_NULL );
starts[0] = LEN; MPI_File_write_at_all( fh, 0, a, LEN*LEN, MPI_DOUBLE,
starts[1] = O; &status );
break; MPI_File_close( &fh );

case 3.
val = 17.0;
starts[0] = LEN;
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