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% DVM Fortran, HPF (High
Perfomance Fortran)
+ #
.1 # :
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Fortran
Fortran ,
# OMP  OMP.%
{!|C|*}$OMP [ 1, 2, ..
(! ! Fortran 77)
( ! ) #
;)
# ( &
! ! ! ).
Fortran OpenMP

program omp_example
integer i, k, N
real*4 sum, h, x
print *, "Please, type in N:"
read *, N
h=10/N
sum = 0.0
C$OMP PARALLEL DO SCHEDULE(STATIC) REDUCTION(+:sum)
doi=1,N
Xx=i*h
sum=sum + 1.e0 *h/ (1.e0 + x**2)
enddo
print *, 4.0 * sum
end

C
' C : ! # OMP
omp, omp_ OMP. % X
#pragma omp [ ], 2,1
' OpenMP- ! omp.h.
OpenMP
#include "omp.h"
#include <stdio.h>
double f(double x)
{

return 4.0/ (1 + x * x);
}
main () {
const long N = 100000;
long i;
double h, sum, x;
sum = 0;



h=1.0/N;
#pragma omp parallel shared(h)
{

#pragma omp for private(x) reduction(+:sum)
for(i=0;i<N;i++){

x=h*(i+0.5),
sum = sum + f(x);
}
}
printf("P1 = %f\n", sum / N);
}
OpenMP
OpenMP.$
! 2.5
parallel
end parallel
(

private

shared ;

default;

firstprivate ;

reduction

if ;

copyin ;

num_threads .
do

do
end do

#pragma omp for
for

private
firstprivate

OpenMP

Fortran

21

C



22

lastprivate
reduction
schedule
ordered;
nowait .

sections

end sections

$
section

private ;
firstprivate ;
lastprivate ;
reduction ;
nowait .

section

$ sections

single

end single

$
private ;
firstprivate ;
copyprivate
nowait .

workshare

end workshare

#

FORALL
WHERE
atomic ;



critical ;
parallel

parallel do
do
end parallel do
$3 parallel

parallel sections

end parallel sections
$3 parallel

parallel workshare

end parallel workshare

$3 parallel
master

(.e.r.1d master

$ :
critical[( )]

end critical[(
$ 1

barrier

atomic
$3

)]

do.

sections

workshare

23
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X =

{+|-I*|/|.AND.|.OR.|.EQV.|.NEQV.}
X

[*//|. AND.|.OR.|.EQV.|.NEQV.} x

X =

flush[(

ordered

end ordered
$

threadprivate(
$ common- ,

OpenMP
$ OpenMP

private(
$3

firstprivate(
$3

lastprivate(
$3

copyprivate(
&

common-

{+I-

{MAX|MIN|IAND|IOR|IEOR} (X,
_X)
{MAX|MIN|IAND|IOR|IEOR}
_X, X)

single



nowait
$ &

shared( )
$3

default(private|shared|none)

25

' private Fortran.
reduction( | )
$ ( )
! . $
if( )
num_threads( )
# OMP_NUM_THREADS
schedule( _ _ [,
_ _ )
#

static - : #

! #

4 : L

dynamic - : #

! .$ « » & :

guided - : #

& .3 « » &
runtime —
: , # OMP_SCHEDULE
copyin( common- )
)

) common # .- #

« ».
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OpenMP

! OpenMP
Fortran.

void omp_set_num_threads(int threads);

subroutine omp_set_num_threads(threads)
integer threads

(threads )

int omp_get_num_threads(void);

integer function omp_get_num_threads()

int omp_get_max_threads(void);

integer function omp_get_max_threads()

int omp_get_thread_num(void);

integer function omp_get_thread_num()
! , !

int omp_get_num_procs(void);

integer function omp_get_num_procs()

int omp_in_parallel(void);

logical function omp_in_parallel()
true

void omp_set_dynamic(int threads);

subroutine omp_set_dynamic(threads)



logical threads

int omp_get_dynamic(void);

logical function omp_get_dynamic()
true ,

void omp_set_nested(int nested);
subroutine omp_set_nested(nested)

integer nested
+ & #

int omp_get_nested(void);

logical function omp_get_nested()
$ , & #

void omp_init_lock(omp_lock_t *lock);
subroutine omp_init_lock(lock)
integer(kind = omp_lock_kind) :: lock

void omp_destroy_lock(omp_lock_t *lock);
subroutine omp_destroy_lock(lock)

integer(kind = omp_lock_kind) :: lock

void omp_set_lock(omp_lock_t *lock);

il

27

M

lock |,
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subroutine omp_set_lock(lock)
integer(kind = omp_lock_kind) :: lock

: ! lock |, #

void omp_unset_lock(omp_lock_t *lock);

subroutine omp_unset_lock(lock)
integer(kind = omp_lock_kind) :: lock

! lock .4 ,

int omp_test_lock(omp_lock _t *lock);

logical function omp_test_lock(lock)
integer(kind = omp_lock_kind) :: lock
' « », ! lock .

void omp_init_nest_lock(omp_nest_lock_t *lock);

subroutine omp_init_nest_lock(lock)
integer(kind = omp_nest_lock_kind) :: lock
- # , ! lock .

void omp_destroy_nest_lock(omp_nest_lock_t *lock);

subroutine omp_destroy_nest_lock(lock)
integer(kind = omp_nest_lock_kind) :: lock
# , ! lock

void omp_set_nest_lock(omp_nest_lock_t *lock);

subroutine omp_set_nest_lock(lock)
integer(kind = omp_nest_lock_kind) :: lock

# )
, I lock |,
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void omp_unset_nest_lock(omp_nest_lock_t *lock);

subroutine omp_unset_nest_lock(lock)

integer(kind = omp_nest_lock_kind) :: lock

$ # # ,
! lock .4 ,

int omp_test_nest_lock(omp_nest_lock_t *lock);

integer function omp_test_nest_lock(lock)

integer(kind = omp_nest_lock_kind) :: lock

% , , # I
lock . 4 , ,

! OpenMP #
double omp_get_wtime(void);

double precision function omp_get_wtime()
, & & & .1

double omp_get_wtick(void);

double precision function omp_get_wtick()

' , & & # « » 0
# OpenMP
# :

export " =# ( UNIX)

set " =# ( Microsoft Windows)
OMP_NUM_THREADS
OMP_SCHEDULE
" # #

static ;
dynamic ;



30

guided .
( )

export OMP_SCHEDULE="static, 10"

OMP_DYNAMIC

4 ) false ,

# , true - &
OMP_NESTED
4 ) false , #

true - &
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! MPI 1.

! MPI
MPI
(
! Ya : 0 np—1 (np¥s
program para
if = - ) then

else

endif
end

, Y

) Y ) ' 0

32767,

MPI —

MPICH 1.2.7,

£7)



.1
!
. $
& : # !
MPI . # ,)
) ( )
* / a4
& /" Ya #
i : # # #
C ¥4 #
(" Ya #
Fortran
- MPI Fortran
&
( ). .
& ¥ MPI_SUCCESS. 3 MPI
mpif.h, MPI- include
' status
A4 MPI_STATUS_SIZE.
MPI MPI,
(. .1
1 MPI1_Datatype MPI_Comn#a )
Fortran (Integer).
' C ! MPI,
Fortran%
1.) ' MPI
MPI ! Fortran
MPI_INTEGER Integer
MPI_REAL Real

33
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1.( ! )
MPI_DOUBLE_PRECISION Double precision
MPI_DOUBLE_COMPLEX Double complex
MPI_COMPLEX Complex
MPI_LOGICAL Logical
MPI_CHARACTER Character
MPI_BYTE
MPI_PACKED
" : # MPI
MPI_INTEGER1 Integer*1
MPI_INTEGER2 Integer*2
MPI_INTEGER4 Integer*4
MPI_REAL4 Real*4
MPI_REALS Real*8
C
C
$ _ _ $ _ ' CHt
) )
MPI:: $ _
Create 3 , Get ¥%
! 3 , Set ¥ 3 , Delete ¥
! s ¥ , 3
- MPI
! mpi.h.

! : ( INOUT) —

MPI C . 2.
% &
" MPI & &

: MPI_SUCCESS4 & &

MPI_ERR_OTHER4 MPI_Init

MP|_ERR_BUFFER/
MPI|_ERR_COMEA
MPI|_ERR_RANK/
MP|_ERR_OF¥,



MP|_ERR_ARG/

MPI_ERR_UNKNOW# & ;

MPI_ERR_TRUNCATE4

MPI_ERR_INTERN%, & . $

2.)
MPI C

MPI_CHAR Signed char
MPI_SHORT Signed short int
MPI_INT Signed int
MPI_LONG Signed long int

MPI_UNSIGNED_CHAR

unsigned char

MPI_UNSIGNED_SHORT

unsigned short int

MPI_UNSIGNED

unsigned int

MPI_UNSIGNED_LONG

unsigned long int

MPI_FLOAT Float
MPI_DOUBLE Double
MPI_LONG_DOUBLE long double
MPI_BYTE

MPI_PACKED

MPI
% :
#
; # #
$
# .13). . #
! . MPI

MPI_COMM_WORED
MPI_COMM_SELF
MPI_COMM_NULE

" MPI
# #

MPI
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.13..

—1( .14).

.14+

) ) -)

.4
«# » MPI_ANY_TAG



1 MPI-
program para

If (process = master) then
master clause

else

slave clause

endif

end

MPI

MPI
int MPI_Init(int *argc, char **argv)

MPI_INIT(IERR)
argc  argv

& MPI.

" & MPI
int MPI_Finalize()

MPI_FINALIZE(IERR)

# &

$
int MPI_Comm_size(MPI_Comm comm, int *size)

MPI_COMM_SIZE(COMM., SIZE, IERR)

comm¥a

size ¥

$
int MPI_Comm_rank(MPI_Comm comm, int *rank)

37

MPI. MPI_FINALIZE
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MPI_COMM_RANK(COMM, RANK, IERR)

comm¥a
rank 34

$ :
MPI_Get_processor_name(char *name, int *resultlen)

MPI_GET_PROCESSOR_NAME(NAME, RESULTLEN, IERR)

name % ! .
MPI_MAX_PROCESSOR_NAMB ;
resultlen ¥

' , & & &
double MP1_Wtime()

MPI_WTIME(TIME, IERR)

(. 14).

. 14.
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int MP1_Send(void *buf, int count, MPI_Datatype dat atype, int dest,
int tag, MPI_Comm comm)

MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IER  R)

buf % ) ! ;

count % ) ! ;

datatype 3 MPI # ) ;

dest ¥ - ( 0 n-1, n%a

tag ¥ ;
comni¥ ;
ierr 3 &

int MPI_Recv(void *buf, int count, MPI_Datatype dat atype, int source,
int tag, MPI_Comm comm, MPI_Status *status)

MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, S TATUS, IERR)

count % ) ! . %
# MPI_Get_count ;

datatype 3

source ¥ . *H#
MPI_ANY_SOURCE ) '

" ".0 :
tag ¥ "# " MPI_ANY_TAG
comm3¥4 . "H# "
buf 3 I .4 # ,
) ¥
& ;
status ¥



40

$ (count )
int MPI_Get_count(MPI_Status *status, MPI_Datatype datatype, int
*count)

MPI_GET_COUNT(STATUS, DATATYPE, COUNT, IERR)
datatype # ;

int MP1_Ssend(void *buf, int count, MPI_Datatype da tatype, int dest,
int tag, MPI_Comm comm)

MPI_SSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, [IE  RR)
) MPI_Send.

/!
int MPI_Bsend(void *buf, int count, MPI_Datatype da tatype, int dest,

int tag, MPI_Comm comm)

MPI_BSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IE  RR)

MPI_Send.
!
int MPI_Buffer_attach(void *buf, size)
MPI_BUFFER_ATTACH(BUF, SIZE, IERR)
buf % ! size
Fortran ! # .0 #
H ( L]
MPI_Bsend ). " #

$ !
int MPI_Buffer_detach(void *buf, int *size)

MPI_BUFFER_DETACH(BUF, SIZE, IERR)

buf % ;
size ¥ I
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int MPI_Rsend(void *buf, int count, MPI_Datatype da tatype, int
dest, int tag, MPI_Comm comm)

MPI_RSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, [E  RR)
MPI_Send.

/

int MPI_Probe(int source, int tag, MPI_Comm comm, M P1_Status
*status)

MPI_PROBE(SOURCE, TAG, COMM, STATUS, IERR)

source ¥ "# "
tag ¥ " H# "
comm¥s
status ¥
int MPI_lprobe(int source, int tag, MPI_Comm comm, int *flag,

MPI_Status *status)

MPI_IPROBE(SOURCE, TAG, COMM, FLAG, STATUS, IERR)

) # MPI1_Probe .
flag %!
status ¥ :
4 # # ) !
int MPI_Sendrecv(void *sendbuf, int sendcount, MPI_ Datatype sendtype,
int dest, int sendtag, void *recvbuf, int recvcount , MPI_Datatype
recvtype, int source, int recvtag, MPI_Comm comm, M PI_Status *status)

MPI_SENDRECV(SENDBUF, SENDCOUNT, SENDTYPE, DEST, SBENDTAG, RECVBUF,
RECVCOUNT, RECVTYPE, SOURCE, RECVTAG, COMM, STATUSJERR)

sendbuf 3 I :

sendcount ¥ ) ;
sendtype ¥ ) ;
dest ¥ ;

sendtag % ;
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recvbuf % ! ;
recvcount ¥ ) !
recvtype ¥ ) ! ;
source ¥ ;

recvtag ;
comm¥a

recvbuf % I )
status ¥ .
, #

$ #

int MPI_Sendrecv_replace(void *buf, int count, MPI_
int dest, int sendtag, int source, int recvtag, MPI
MPI_Status *status)

e

Datatype datatype,
_Comm comm,

MPI_SENDRECV_REPLACE(BUF, COUNT, DATATYPE, DEST, SENDTAG, SOURCE,

RECVTAG, COMM, STATUS, IERR)

count ¥

datatype 3 !

dest % ;

sendtag % ;
source ¥ ;

recvtag ¥ ;
comm¥a

buf 34 !
status ¥

int MPI_Isend(void *buf, int count, MPI_Datatype da
int tag, MPI_Comm comm, MPI_Request *request)

tatype, int dest,

MPI_ISEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, RE  QUEST, IERR)

)

MPI1_Send.



request % !

int MPI_lIssend(void *buf, int count, MPI_Datatype d atatype, int dest,
int tag, MPI_Comm comm, MPI_Request *request)

MPI_ISSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, R  EQUEST, IERR)
) MPI_Send.

int MPI_Ibsend(void *buf, int count, MPI_Datatype d atatype, int dest,
int tag, MPI_Comm comm, MPI_Request *request)

MPI_IBSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM,R  EQUEST, IERR)

int MPI_Irsend(void* buf, int count, MPI_Datatype d atatype, int dest,
int tag, MPI_Comm comm, MPI_request *request)

MPI_IRSEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, R  EQUEST, IERR)

int MPI1_Irecv(void *buf, int count, MPI_Datatype da tatype, int source,
int tag, MPI_Comm comm, MPI_Request *request)

MPI_IRECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERR)

#, ,

, , (source ).
/ &
int MPI_Wait(MPI_Request *request, MPI_Status *stat us)
MPI_WAIT(REQUEST, STATUS, IERR)

request ¥ !

status 3

#
MPI_Test_cancelled . H MPI_Wait

request .' ) & #
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& MPI_Wait
, ! #

MPI1_Buffer_attach ) #
!

# MPI_Cancel

&
int MPI_Test(MPI_Request *request, int *flag, MPI_S

MPI_TEST(REQUEST, FLAG, STATUS, IERR)

request % !

ﬂag 3/4 n u, , I
status ¥
4 MPI_Test

&

int MPI_Waitall(int count, MPI_Request requests][],
statuses])

MPI_WAITALL(COUNT, REQUESTS, STATUSES, IERR)

requests

tatus *status)

request

MPI_Status

# statuses .count %

( requests statuses ).

' MPI_Waitall

MPI_REQUEST NULL

#
' &

MPI_Waitall & MPI_ERR_IN_STATUS
.4

&
& MPI_SUCCESS
& Y MPI_ERR_PENDING
 #

&

int MPI_Testall(int count, MP1_Request requests],
MPI_Status statuses])

MPI_TESTALL(COUNT, REQUESTS, FLAG, STATUSES, IERR)

# #

int *flag,

MPI_lbsend

request
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! (flag ) " ,
requests .4 & ,
! “H® statuses . count ¥
. # y L]
. 4 !
) 1 )
MPI_REQUEST_NULL . # :
/ &
int MPI_Waitany(int count, MP1_Request requests], int *index,

MPI_Status *status)
MPI_WAITANY(COUNT, REQUESTS, INDEX, STATUS, IERR)

(requests ) &

requests % ;

count % ) requests . status index %.
index % ( C) 0 count —1,
FORTRAN 1 count) requests ;
status 3
4 ! ’
MPI_REQUEST_NULL*
# # .4
: & MPI_UNDEFINED
int MPI_Testany(int count, MPI_Request requests][], int *index, int

*flag, MPI_Status *status)

MPI_TESTANY(COUNT, REQUESTS, INDEX, FLAG, STATUS,| ERR)
) #
MPI_Waitany . flag , "
& . MPI_Waitany
MPI_Testany : :

MPI_Waitsome MPI_Testsome
MPI_Waitany MPI_Testany , : & S
MPI_Waitany MPI|_Testany &
, : MPI_Waitsome
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MPI_Testsome & .0
# : & )
int MPI_Waitsome(int incount, MPI_Request requests| ], int *outcount,

int indices[], MPI_Status statuses]])
MPI_WAITSOME(INCOUNT, REQUESTS, OUTCOUNT, INDICES, STATUSES, IERR)

incount % . ' outcount
requests outcount )
indices ) . outcount )
statuses & .4
! : .4
, & , outcount
MPI_UNDEFINED
int MPI_Testsome(int incount, MPl_Request requests| ], int *outcount,

int indices[], MPI_Status statuses[])

MPI_TESTSOME(INCOUNT, REQUESTS, OUTCOUNT, INDICES, STATUSES, IERR)

# MPI_Waitsome . 0!!
MPI_Testsome & MPI_Testany , !
, #
! MPI1_Send_init
int MPI_Send_init(void *buf, int count, MP1_Datatyp e datatype, int

dest, int tag, MPI_Comm comm, MPI_Request *request)

MPI_SEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM , REQUEST, IERR)

buf % ! ;
count ¥ ) ;
datatype % ) ;
dest ¥% ;

tag ¥ ;

comma

request ¥

- #
int MPI_Start(MPI_Request *request)

MPI_START(REQUEST, IERR)

request ¥
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MPI1_Start , MPI_Send_init
# : MPI_Isend MPI_Start
, MPI_Bsend_init
MPI_Ibsend . : :

MPI_Start , #

requests
int MPI1_Startall(int count, MPI_request *requests)

MPI_STARTALL(COUNT, REQUESTS, IERR)

o (# )
int MPI_Cancel(MPI_request *request)

MPI_CANCEL(REQUEST, IERR)
MPI1_Cancel # ,

# : : MPI_Cancel
MPI_Wait MPI_Test ,
# Lo
# status
int MPI_Test_cancelled(MPI_Status *status, int *fla 0)
MPI_TEST_CANCELLED(STATUS, FLAG, IERR)
(request )

int MPI_Request_free(MPI_Request *request)
MPI_REQUEST FREE(REQUEST, IERR)
MPI_REQUEST NULL$ , ) , #

& : &
% I
6
int MPI_Bcast(void *buffer, int count, MPI_Datatype datatype, int

root, MPI_Comm comm)

MPI_BCAST(BUFFER, COUNT, DATATYPE, ROOT, COMM, IERR )

)
buffer 34 ! X



48

count % )
datatype ¥ MPI;
root % : &
comm¥s
. 16.
.16.+ &

n n ( . 17)
int MPI_Barrier(MPI_Comm comm)

MPI_BARRIER(COMM, IERR)

17,



MPI1_Barrier

+

int MPI_Scatter(void *sendbuf, int sendcount, MP1_D
void *rcvbuf, int rcvcount, MP1_Datatype rcvtype, i
comm)

49

atatype sendtype,
nt root, MPI_Comm

MPI_SCATTER(SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE,

ROOT, COMM, IERR)

£7)
sendcount

sendbuf
£7)

Ya
Ya
Ya

sendtype
rcvcount
rcvtype
Ya
comm¥a

root

Ya !

rcvbuf

root #

. 18). !

# !
sendcount

#

(

0,
root .

)

.18.+

int MPI_Gather(void *sendbuf, int sendcount, MPI_Da
void *rcvbuf, int revcount, MPI_Datatype rcvtype, |
comm)

send

sendbuf
I
|

Scatter

tatype sendtype,
nt root, MPI_Comm
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MPI_GATHER(SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RWCOUNT, RCVTYPE,

ROOT, COMM, IERR)

H comm
root . root "
( .19).
0
2 . rcvbuf , rcvcount
: rcvcount
# (
MPI1_Scatter MPI1_Gather
. 19.

int MPI_Scatterv(void *sendbuf, int *sendcounts, in
MPI_Datatype sendtype, void *rcvbuf, int rcvcount,

rcvtype, int root, MPI_Comm comm)

rcvtype

Gather

t *displs,
MPI_Datatype

sendbuf

MPI_SCATTERV(SENDBUF, SENDCOUNTS, DISPLS, SENDTYPE, RCVBUF, RCVCOUNT,

RCVTYPE, ROOT, COMM, IERR)

sendbuf ¥ !

sendcounts 34
) : #

displs %

.+

sendtype % !

rcvcount ¥ ) !

rcvtype ¥ !
root ¥

comm¥a

). 4
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rcvbuf % !
!
int MP1_Gatherv(void *sendbuf, int sendcount, MPI_D atatype sendtype,
void *recvbuf, int *recvcounts, int *displs, MPI1_Da tatype recvtype,

int root, MPI_Comm comm)

MPI_GATHERV(SENDBUF, SENDCOUNT, SENDTYPE, RECVBUFRECVCOUNTS, DISPLS,
RECVTYPE, ROOT, COMM, IERR)

) #
MPI_Scatterv . , MPI_Allgather
MPI1_Alltoall, . #
int MPI_Allgather(void *sendbuf, int sendcount, MPI _Datatype sendtype,
void *rcvbuf, int rcvcount, MP1_Datatype rcvtype, M PI_Comm comm)

MPI_ALLGATHER(SENDBUF, SENDCOUNT, SENDTYPE, RCVBUFRCVCOUNT, RCVTYPE,
COMM, IERR)

sendbuf % ! ;

sendcount ¥ ) ! ;

sendtype % ;

rcvcount ¥ ) : # ;
rcvtype ¥ ! ;

comma

rcvbuf 34 I

/ : J- , #
J- ! recvbuf ( .19).

. 19. Allgather
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n # 3/4 n
int MPI_Alltoall(void *sendbuf, int sendcount, MPI_
void *rcvbuf, int rcvcount, MP1_Datatype rcvtype, M

Datatype sendtype,
PI_Comm comm)

MPI_ALLTOALL(SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE,
COMM, IERR)

sendbuf % ! ;

sendcount ¥ ) : # X
sendtype ¥ ! ;

rcvecount %4 ) : # ;
rcvtype ¥ ;

comm¥a

rcvbuf % ! .
' MPI_Allgather MPI_Alltoall
MPI1_Allgatherv MPI1_Alltoallv

int MPI_Allgatherv(void *sendbuf, int sendcount, MP
sendtype, void *rcvbuf, int *rcvcounts, int *displs
rcvtype, MPI_Comm comm)

|_Datatype
, MP|_Datatype

MPI_ALLGATHERV(SENDBUF, SENDCOUNT, SENDTYPE, RCVBURCVCOUNTS,
DISPLS, RCVTYPE, COMM, IERR)

4 MPI_Allgather,
displs . 0 ,
) .0
[ ! recvbuf ,
, i/ , J-

int MPI_Alltoallv(void *sendbuf, int *sendcounts, i
MPI_Datatype sendtype, void *rcvbuf, int *rcvcounts
MPI_Datatype rcvtype, MPI_Comm comm)

nt *sdispls,
, Int *rdispls,

MPI_ALLTOALLV(SENDBUF, SENDCOUNTS, SDISPLS, SENDTYPE, RCVBUF,
RCVCOUNTS, RDISPLS, RCVTYPE, COMM, IERR)

4 MPI1_Alltoall :

sdispls % : )



rdispls % : )

$ :

int MP1_Reduce(void *buf, void *result, int count,
datatype, MPI_Op op, int root, MPI_Comm comm)

MPI_REDUCE(BUF, RESULT, COUNT, DATATYPE, OP, ROOT

buf % ! ;
count ¥ ) ! ;
datatype % ! ;

op % ;

root % ;

comm

MPI_Reduce
! result (
comm
) #
. 20.+
. 3.

$
int MPI_Op_create(MPI_User_function *function, int
*op)

MPI_OP_CREATE(FUNCTION, COMMUTE, OP, IERR)

MPI_Datatype

,  COMM, IERR)

buf ,
. 20). MPI_Reduce
count , datatype

commute, MPI_Op

#
#
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function 34 [ :
commute ¥ ! , "

( ).
$ ! ;
typedef void (MPI_User_function)(void *a, void *b, int *len,
MPI_Datatype *dtype)

b[l] = a[l] op bfl]
I=0,..len —-1.

3. MPI

MPI_MAX $ )

MPI_MIN $ )

MPI_SUM ' ) ,

MPI_PROD ' )

MPI_LAND
MPI_BAND
MPI_LOR

MPI_BOR

MPI_LXOR
MPI_BXOR
MPI_MAXLOC * )

~N|lAN| Y~ |~ ~ |~
.z
1

MPI_MINLOC * )

int MPI_Op_free(MPI_Op *op)

MPI_OP_FREE(OP, IERR)
& op MPI_OP_NULL

$

int MPI_Reduce_scatter(void *sendbuf, void *rcvbuf, int *rcvcounts,
MPI_Datatype datatype, MP1_Op op, MPI_Comm comm)
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MPI_REDUCE_SCATTER(SENDBUF, RCVBUF, RCVCOUNTS, DATAPE, OP, COMM,
IERR)

sendbuf ¥ I )

rcvecounts ¥ ,
) , # .0
# , :

datatype ¥ ! ;
op % ;
comm¥a

rcvbuf 34 I .
H :

! #

int MPI_Allreduce(void *sendbuf, void *rcvbuf, int count, MPI_Datatype
datatype, MPI1_Op op, MPI_Comm comm)

MPI_ALLREDUCE(SENDBUF, RCVBUF, COUNT, DATATYPE, OP, COMM, IERR)

sendbuf % ! ;
count ¥ ) ! ;
datatype % ;

op % ;

comm%¥s

rcvbuf % ! :

& # & MPI_ERR_OP
( ). 0 , ,
&

MPI_Op_create
$ ( )
int MP1_Scan(void *sendbuf, void *rcvbuf, int count , MPI_Datatype

datatype, MPI1_Op op, MPI_Comm comm)

MPI_SCAN(SENDBUF, RCVBUF, COUNT, DATATYPE, OP, COMM, IERR)

sendbuf 3 I :

count ¥ ) ! ;
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datatype 3 ! ;

op % ;

comm¥a

rcvbuf % !

MPI_COMM_WORLD
: : #
MPI_COMM_SELF4 , # ;
MPI_COMM_NUL#
group , comm
int MPI_Comm_group(MPI_Comm comm, MPI_Group *group)
MPI_COMM_GROUP(COMM, GROUP, IERR)
' Ya
newgroup n , oldgroup
int MPI_Group_incl(MP1_Group oldgroup, int n, int * ranks, MPI_Group
*newgroup)
MPI_GROUP_INCL(OLDGROUP, N, RANKS, NEWGROUP, IERR)
+ # ranks .
ranks[0] , .., ranks[n—1] , [
ranksi] n=0 MPI_GROUP_EMPTY
# ,
newgroup (group )
ranks[0] , ...,ranks[n — 1]
int MPI_Group_excl(MP1_Group oldgroup, int n, int * ranks, MPI_Group
*newgroup)
MPI_GROUP_EXCL(OLDGROUP, N, RANKS, NEWGROUP, IERR)
n=0 #
newgroup group n ,
ranks

int MPI_Group_range_incl(MPI_Group oldgroup, int n, int ranks[][3],

MPI_Group *newgroup)



MPI_GROUP_RANGE_INCL(OLDGROUP, N, RANKS, NEWGROURERR)

* ranks ( 1,
% 1), ..., ( _n, n, % n)'
( ) 1, 1+ % 1,..
newgroup group n ,
ranks
int MPI_Group_range_excl(MPI_Group group, intn, in t ranks[][3],

MPI_Group *newgroup)

MPI_GROUP_RANGE_EXCL(GROUP, N, RANKS, NEWGROUP, IER)

* ranks #,
MPI1_Group_range_incl

(newgroup ) (groupl ) (group2 )

int MPI_Group_difference(MPI_Group groupl, MPI_Grou p group2, MP1_Group
*newgroup)

MPI_GROUP_DIFFERENCE(GROUP1, GROUP2, NEWGROUP, IERR

(newgroup ) groupl group2

int MPI_Group_intersection(MPI_Group groupl, MPI_Gr oup group2,
MPI_Group *newgroup)

MPI_GROUP_INTERSECTION(GROUP1, GROUP2, NEWGROUP, ER)

(newgroup ) 3 groupl group2

int MPI_Group_union(MPI_Group groupl, MPI_Group gro up2, MPI_Group
*newgroup)

MPI_GROUP_UNION(GROUP1, GROUP2, NEWGROUP, IERR)

, # group
int MP1_Group_free(MPI_Group *group)

MPI_GROUP_FREE(GROUP, IERR)

$ (size ) (group )
int MPI_Group_size(MP1_Group group, int *size)

MPI_GROUP_SIZE(GROUP, SIZE, IERR)
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$ (rank ) group
int MPI_Group_rank(MPI1_Group group, int *rank)

MPI_GROUP_RANK(GROUP, RANK, IERR)
4 , MPI_UNDEFINED

int MPI_Group_translate_ranks(MPI_Group groupl, int n, int *ranks1,
MPI_Group group2, int *ranks2)

MPI_GROUP_TRANSLATE_RANKS(GROUP1, N, RANKS1, GROUPRANKS2, IERR)

groupl group2
int MPI_Group_compare(MP1_Group groupl, MPI_Group g roup2, int *result)

MPI_GROUP_COMPARE(GROUP1, GROUP2, RESULT, IERR)

4 , MPI_IDENT. 4
, MPI_SIMILAR . 4
: MPI_UNEQUAL

# oldcomm
int MPI_Comm_dup(MPI_Comm oldcomm, MPI_Comm *newcom  m)

MPI_COMM_DUP(OLDCOMM, NEWCOMM, IERR)

(newcomn)
# , # , . #
(newcomn) # (group )
(oldcomm)
int MPI_Comm__create(MPI_Comm oldcomm, MPI_Group gro up, MPI_Comm
*newcomm)
MPI_COMM_CREATE(OLDCOMM, GROUP, NEWCOMM, IERR)
' ) # , #
group , .4
, #
int MPI_Comm_split(MP1_Comm oldcomm, int spilit, int rank, MPI_Comm*

newcomm)

MPI_COMM_SPLIT(OLDCOMM, SPLIT, RANK, NEWCOMM, IERR)

2 , oldcomm,
, # split



split .+
rank . 4 A B MPI_Comm_split
split rank , A &
B, A :
& B. 4 #
#
newcomm
MPI_Comm_split  # , H#
) split
MPI_UNDEFINED
MPI_COMM_NULL
, MPI_Comm_split ,
MPI_Comm_split #
comm

int MPI_Comm_free(MPI_Comm *comm)

MPI_COMM_FREE(COMM, IERR)
$ 1] ) ] & ]

(comml) (comm2
int MPI_Comm_compare(MPl_Comm comm1, MPI_Comm comm2 , int *result)

MPI_COMM_COMPARE(COMM1, COMM2, RESULT, IERR)

result 3 , MPI_IDENT,
;  MPI_CONGRUENT
MPI_SIMILAR  MPI_UNEQUAL ,

! MPI_COMM_NULL
comm name

int MPI_Comm_set_name(MPI_Comm com, char *name)
MPI_COMM_SET_NAME(COM, NAME, IERR)

$
int MPI_Comm_get_name(MPIl_Comm comm, char *name, in t *reslen)

MPI_COMM_GET_NAME(COMM, NAME, RESLEN, IERR)

name % comm.;

reslen 3% )
- , #
MPI_MAX_NAME_STRING

59
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, comm( )
int MPI_Comm_test_inter(MPI_Comm comm, int *flag)

MPI_COMM_TEST_INTER(COMM, FLAG, IERR)
flag % ! !

newcomm oldcomm
int MPI_Intercomm_merge(MPI1_Comm oldcomm, int high, MPI1_Comm *newcomm)

MPI_INTERCOMM_MERGE(OLDCOMM, HIGH, NEWCOMM, IERR)
high comm

, comm
int MPI_Comm_remote_group(MPI_Comm comm, MPI_Group *group)

MPI_COMM_REMOTE_GROUP(COMM, GROUP, IERR)
group ¥

$ : comm
int MPI_Comm_remote_size(MPI_Comm comm, int *size)

MPI_COMM_REMOTE_SIZE(COMM, SIZE, IERR)

size ¥ ;

comm
int MPI_Intercomm_create(MPl_Comm local_comm, int | ocal_leader,
MPI_Comm peer_comm, int remote_leader, int tag, MPI _Comm

*new_intercomm)

MPI_INTERCOMM_CREATE(LOCAL_COMM, LOCAL_LEADER, PEEFOMM,
REMOTE_LEADER, TAG, NEW_INTERCOMM, IERR)

local_comm % :

local_leader Ya ( 0);
peer_comm ¥ ;

remote_leader ¥ ( 0);
tag ¥ ,



new_intercomm ¥

n # n . 1 ) #
, # #
# ) ,
. MPI_Intercomm_create
# , # n II.
$
' MPI
comm_cart
comm_old ( .21)
int MPI_Cart_create(MPl_Comm comm_old, int ndims, i nt *dims, int

*periods, int reorder, MPI_Comm *comm_cart)

MPI_CART_CREATE(COMM_OLD, NDIMS, DIMS, PERIODS, REO RDER, COMM_CART,
IERR)

comm_old % ;

ndims % & ;
dims ¥ , ndims ) ,
# ;

periods % ndims ) , :

& ( true) # ;

reorder % ) " &
- # ndims , dims
periods . MPI_Cart_create 0

# , ).
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. 21.

$
int MPI_Cart_coords(MPI_Comm comm, int rank, int ma xdims, int *coords)

MPI_CART_COORDS(COMM, RANK, MAXDIMS, COORDS, IERR)

comm¥a , ;

rank ¥ comm

maxdims % coords

coords ¥ ( ndims ), #
$ (rank ) comm
int MPI_Cart_rank(MPI_Comm comm, int *coords, int * rank)

MPI_CART_RANK(COMM, COORDS, RANK, IERR)

coords ¥ ndims ,
MPI_Cart_rank , MPI1_Cart_coords

+ comm ]
& &

int MPI_Cart_sub(MPI_Comm comm, int *remain_dims, M PI_Comm *comm_new)

MPI_CART_SUB(COMM, REMAIN_DIMS, COMM_NEW, IERR)



- ) remain_dims :
¢ -

newcomm?3a , #

MPI_Cart_sub

int MPI_Cart_get(MPI_Comm comm, int maxdims, int *d

int *coords)

ims, int *periods,

MPI_CART_GET(COMM, MAXDIMS, DIMS, PERIODS, COORDS, I|ERR)

maxdims % dims, periods

dims % :

periods % ;

coords ¥ \

$ (newrank )

int MPI_Cart_map(MPI_Comm comm_old, int ndims, int

*periods, int *newrank)

vectors

(true,

*dims, int

MPI_CART_MAP(COMM_OLD, NDIMS, DIMS, PERIODS, NEWRANK, IERR)

comm ;
ndims % & ;
dims % ,
#
periods % ndims ,
# :
4 # & ,
MPI_UNDEFINED
$ (source )
(dest ), #
(direction ) (disp )

int MPI_Cart_shift(MP1_Comm comm, int direction, in
*source, int *dest)

t displ, int

63
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MPI_CART_SHIFT(COMM, DIRECTION, DISPL, SOURCE, DEST , IERR)

n- & direction t#
0 n-1.

$ (ndims ) ,
comm

int MPI_Cartdim_get(MPI_Comm comm, int *ndims)

MPI_CARTDIM_GET(COMM, NDIMS, IERR)

comm_graph, (.22

int MPI_Graph_create(MPI_Comm comm, int nnodes, int *index, int
*edges, int reorder, MPI_Comm *comm_graph)

MPI_GRAPH_CREATE(COMM, NNODES, INDEX, EDGES, REORDE, COMM_GRAPH,
IERR)

comm¥s
nnodes ¥ & ro
index %

( );
edges % I
reorder % " &

.22 !

$ & [

int MPI_Graph_neighbors(MPI_Comm comm, int rank, in t maxneighbors, int
*neighbors)



MPI_GRAPH_NEIGHBORS(COMM, RANK, MAXNEIGHBORS, NEI®&ODRS, IERR)

comm I

rank ¥ comm

maxneighbors % neighbors

neighbors % , # ,
$ (nneighbors ) : !
int MPI_Graph_neighbors_count(MPI_Comm comm, int ra nk, int
*nneighbors)

MPI_GRAPH_NEIGHBORS_COUNT(COMM, RANK, NNEIGHBORSERR)

comm¥a ;
rank ¥ -

! r, comm

int MPI_Graph_get(MPl_Comm comm, int maxindex, int maxedges, int

*index, int *edges)

MPI_GRAPH_GET(COMM, MAXINDEX, MAXEDGES, INDEX, EDGE, IERR)

comm ;

maxindex ¥ index ;

maxedges ¥ edges

index ¥ : # ! (

MPI_Graph_create );

edges % , # !
$ ! (newrank )
int MPI_Graph_map(MPI_Comm comm, int nnodes, int *i ndex, int *edges,
int *newrank)

MPI_GRAPH_MAP(COMM, NNODES, INDEX, EDGES, NEWRANK,IERR)

comm¥a :
nnodes ¥ & I
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index % , ! (
MPI_Graph_create );

edges % , ro.

4 # e, MPI_UNDEFINED
! r, comm

int MPI_Graphdims_get(MPI_Comm comm, int *nnodes, i nt *nedges)
MPI_GRAPHDIMS_ GET(COMM, NNODES, NEDGES, IERR)

nnodes ¥ & rog

nedges ¥ !
$ (toptype) comm
int MPI_Topo_test(MPI_Comm comm, int *toptype)
MPI_TOPO_TEST(COMM, TOPTYPE, IERR)

toptype ¥ ( MPI_CART

MPI_GRAPH Fo).

MPI )
, « »,
- , &
#

int MPI_Type_vector(int count, int blocklen, int st ride, MPI_Datatype

oldtype, MPI_Datatype *newtype)

MPI_TYPE_VECTOR(COUNT, BLOCKLEN, STRIDE, OLDTYPE, N EWTYPE, IERR)

count ¥ ( );
blocklen % # ( ) , );
stride % ) : # #

oldtype %

newtype % ! ,



( .23)

int MPI_Type_hvector(int count, int blocklen, MPI_A int stride,
MPI_Datatype oldtype, MPI_Datatype *newtype)

MPI_TYPE_HVECTOR(COUNT, BLOCKLEN, STRIDE, OLDTYPE, NEWTYPE, IERR)

)
MPI_Type_vector stride

. 23"

int MPI_Type_struct(int count, int blocklengths], MPI_Aint indices],
MPI_Datatype oldtypes|[], MPI_Datatype *newtype)

MPI_TYPE_STRUCT(COUNT, BLOCKLENGTHS, INDICES, OLDTYPES, NEWTYPE, IERR)

count % ) : #

oldtypes ,indices blocklengths ;

blocklengths Ya ) # ( );

indices ¥ # ( );

oldtypes % ) # ( ).

newtype % !
MPI_Aint % , :
int MP1_Type_indexed(int count, int blocklens][], in tindices],

MPI_Datatype oldtype, MPI_Datatype *newtype)

MPI_TYPE_INDEXED(COUNT, BLOCKLENS, INDICES, OLDTYPE , NEWTYPE, IERR)

67
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count ¥ , indices blocklens ;
blocklens % ) # ;
indices ¥ # ,

( )i
oldtype %

newtype % !

int MPI_Type_hindexed(int count, int blocklens[], M PI_Aint indices][],
MPI_Datatype oldtype, MPI_Datatype *newtype)

MPI_TYPE_HINDEXED(COUNT, BLOCKLENS, INDICES, OLDTYP E, NEWTYPE, IERR)
indices :

: # )
int MPI_Type_contiguous(int count, MPI_Datatype old type, MPI_Datatype
*newtype)

MPI_TYPE_CONTIGUOUS(COUNT, OLDTYPE, NEWTYPE, IERR)

count ¥ ;

oldtype %

newtype ¥ !
int MPI_Type_create_indexed_block(int count, int bl ocklength, int
displacements|], MPI_Datatype oldtype, MPI_Datatype *newtype)

MPI_TYPE_CREATE_INDEXED_BLOCK(COUNT, BLOCKLENGTHJBPLACEMENTS,
OLDTYPE, NEWTYPE, IERR)

count ¥ indices blocklens ;
blocklength % ) # ;

displacements ¥ # oldtype
( );
oldtype %

newtype % !



int MPI_Type_create_subarray(int ndims, int *sizes, int *subsizes, int
*starts, int order, MPI_Datatype oldtype, MPI_Datat ype *newtype)

MPI_TYPE_CREATE_SUBARRAY(NDIMS, SIZES, SUBSIZES, ST ARTS, ORDER,
OLDTYPE, NEWTYPE, IERR)

ndims % ;

sizes Y ) oldtype #

subsizes ¥ ) oldtype #

starts ¥ # ;
order %! : ;

oldtype %

newtype %

+ datatype ,
int MP1_Type_commit(MPI_Datatype *datatype)

MPI_TYPE_COMMIT(DATATYPE, IERR)

, datatype
int MPI_Type_free(MPI_Datatype *datatype)

MPI_TYPE_FREE(DATATYPE, IERR)
/

$ datatype (3 ,
) )
int MPI_Type_size(MPI_Datatype datatype, int *size)

MPI_TYPE_SIZE(DATATYPE, SIZE, IERR)
' ¥ size .

$ ) 3 datatype (
int MPI_Type_extent(MPI_Datatype datatype, MPI_Aint *extent)

MPI_TYPE_EXTENT(DATATYPE, EXTENT, IERR)
' ¥, extent

MPI_BOTTOM
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$ (address ) # (location )
int MPI_Address(void *location, MPI_Aint *address)

MPI_ADDRESS(LOCATION, ADDRESS, IERR)
* 4 C FORTRAN.' C
# , &, )
FORTRAN, C

$ ! ,
int MPI_Type_get_contents(MPI_Datatype datatype, in t max_integers, int
max_addresses, int max_datatypes, int *integers, MP |_Aint *addresses,

MPI_Datatype *datatypes)

MPI_TYPE_GET_CONTENTS(DATATYPE, MAX_INTEGERS, MAX DDRESSES,
MAX_DATATYPES, INTEGERS, ADDRESSES, DATATYPES, IERR)

datatype % ! ;

max_integers ¥ ) integers
max_addresses ¥ ) addresses
max_datatypes ¥ ) datatypes
integers ¥ # ,
addresses ¥ # address ,
datatypes — # datatype

$ # datatype

int MPI_Type_Ib(MPI_Datatype datatype, MPI_Aint *di splacement)

MPI_TYPE_LB(DATATYPE, DISPLACEMENT, IERR)
displacement — ( ) #

$
int MPI_Type_ub(MPI_Datatype datatype, MPI_Aint *di splacement)

MPI_TYPE_UB(DATATYPE, DISPLACEMENT, IERR)

Ll

int MPI_Pack(void *inbuf, int incount, MPI_Datatype datatype, void
*outbuf, int outcount, int *position, MPI_Comm comm )
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MPI_PACK(INBUF, INCOUNT, DATATYPE, OUTBUF, OUTCOUNT , POSITION, COMM,
IERR)

incount ) !
! , # position

inbuf % ! ;

incount % ;

datatype ¥ # ) ;
outcount ¥ ! ;
position ¥ # ! ;
comm¥a

outbuf % !

+

int MPI_Unpack(void *inbuf, int insize, int *positi on, void *outbuf,
int outcount, MPI_Datatype datatype, MPI_Comm comm)

MPI_UNPACK(INBUF, INSIZE, POSITION, OUTBUF, OUTCOUN T, DATATYPE, COMM,
IERR)

inbuf % ! ;

insize ¥ ! ;

position ¥ # ;

outcount ¥ : # ;

datatype ¥ # ) ;

comm¥a

outbuf % !
$ 3 size ( )
int MPI_Pack_size(int incount, MPI_Datatype datatyp e, MPI_Comm comm,
int *size)

MPI_PACK_SIZE(INCOUNT, DATATYPE, COMM, SIZE, |IERR)

incount ¥ count ;
datatype % ;
comm3a
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keyval ( )

int MPI_Keyval_create(MPI_Copy_function *copy_fn, M PI_Delete_function
*delete_fn, int *keyval, void *extra_state)

MPI_KEYVAL_CREATE(COPY_FN, DELETE_FN, KEYVAL, EXTRA_STATE, IERR)
# ,
i # , #
. % copy_fn ,
MPI_Comm_dup ! delete fn
extra_state !

" ! MPI_Copy_function

typedef int MP1_Copy_function(MPl_Comm oldcomm, int keyval, void
*extra_state, void *attribute_val_in, void *attribu te_val_out, int
*flag)

SUBROUTINE COPY_FUNCTION(OLDCOMM, KEYVAL, EXTRA_STE,
ATTRIBUTE_VAL_IN, ATTRIBUTE_VAL_OUT, FLAG, IERR)

% #
H# !
4 !
flag =0, -
(flag =1) , :
attribute_val_out

% copy_fn C FORTRAN #
MPI_NULL_COPY_FN MPI_DUP_FN " MPI_NULL_COPY_FN
! : , !
flag =0 MPI_SUCCESS " MPI_DUP_FN &
! . % ! flag =1,

attribute_val out & MPI_SUCCESS

copy_fn ! :
. % delete fn ,

MPI_Comm_free MPI_Attr _delete . $ #
MPI1_Delete_function : :
typedef int MPI_Delete_function(MPI_Comm comm, int keyval, void

*attribute_val, void *extra_state);

SUBROUTINE DELETE_FUNCTION(COMM, KEYVAL, ATTRIBUTEVAL, EXTRA STATE,
IERR)

0 ! MPI_Comm_free, MPI_Attr_delete
MPI_Attr_put . % # " "% MPI_NULL_DELETE_FN
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% MPI_NULL_DELETE_FN ,
MPI_SUCCESS

MPI_KEYVAL_INVALID
MPI_Keyval create . 4 #

, keyval
int MPI_Keyval_free(int *keyval)

MPI_KEYVAL_FREE(KEYVAL, IERR)

0 ! keyval MPI_KEYVAL_INVALID.
- # , !
: .0 #
, : MPI_Attr_delete Ya
# ) : MPI_Comm_free,
) :
! attribute , & #
MPI_Attr_get
int MPI_Attr_put(MP1_Comm comm, int keyval, void* a ttribute)

MPI_ATTR_PUT(COMM, KEYVAL, ATTRIBUTE, IERR)
keyval . 4 # ,

MPI_Attr_delete ( ! delete_fn ),
! & & ,
keyval . , MPI_KEYVAL_INVALID % &
MPI_TAG_UB MPI_HOST MPI_IO
MPI_WTIME_IS GLOBAL 4 # : ! :

$ attribute keyval

int MPI_Attr_get(MP1_Comm comm, int keyval, void *a ttribute, int
*flag)

MPI_ATTR_GET(COMM, KEYVAL, ATTRIBUTE, FLAG, IERR)
: 4
keyval : & . $& , key ,
comm ' )
! flag = false

MPI_Attr_put attribute_val :
MPI1_Attr_get attribute_val :
. # ,
# ,
MPI_Attr_put
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int MPI_Attr_delete(MPI_Comm comm, int keyval)

MPI_ATTR_DELETE(COMM, KEYVAL, IERR)

) ! delete_fn
keyval . comm

MPI1_Comm_dup !

MPI_Comm_free,

( MPI
MPI. MPICH (MPI CHameleon,
www.mcs.anl.gov) — MPI
; LAM (Local Area Multicomputer) — MPI (www.lam-
mpi.org); Microsoft® MPI Intel® MPI
MPI,
) ( ( MPI-2
! MPI-2 & MPI-1 #

MPI_COMM_SPAWNMPI_COMM_SPAWN_MULTIPLE

# ! « » MPl —
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% .0 il
* 1
%
: % 77,
% 90 . % 90 # #
| |
! ! # 72
, & # #
#
$ # 7 72
I , 132
$
% ) # 1
) & )
+
7 PROGRAM
PROGRAM" _ (1)
- !
PROGRAM SUMMATION
PROGRAM QUADRATIC_EQUATION_SOLVER45
* % —31 :
# FUNCTION
SUBROUTINE #

END " # #

END PROGRAM: " (1)
&" (1)

3 , . 0

LOGICAL(1) BYTE
LOGICAL(2)
LOGICAL(4)



INTEGER(1)
INTEGER(2)
INTEGER(4)
REAL(4)
REAL(8)
COMPLEX(8)
COMPLEX(16)

,# %

CHARACTER
% #
LEN #
CHARACTER(LEN = 430) :: Shakespeare _sonet

#

# % 90
& [, *&+% ] , &,'$ )-

REAL, PARAMETER :: salary = 2000
"% 90
PARAMETER: 3

PUBLIC% 3

PRIVATE%: 3

POINTER%: 3 (
TARGETF. 3 #

ALLOCATABLE. 3
DIMENSION%: 3 ;
INTENT %

OPTIONALY

SAVE%,

# ,
EXTERNALZ: & ! ;
INTRINSIC % !

0.1) %

77
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(2.,1) A 2 +i.
- .JTRUE. —" "
FALSE. —" #
/ ! ,
!
(
I % ( )
*— # X
-+ — #
* ) (+) #
" % # &
$ % &
LT. < &
.LE. <= &
.GT. > &
.GE. >= &
.EQ. == +
NE. /=
" (EQ)
(.NE).
(
$
.NOT. (
AND. ( ( # , ")
.OR. ( 3 (# : - ")
EQV. ( ) ) (
NEQV. )
* DIMENSION

REAL, DIMENSION(1:100) :: C




REAL, DIMENSION( : 10,2,-3  :3,11) : FGRID
4 # , 1.
1 , )
1 ) 3

REAL, ALLOCATABLE, DIMENSION( :, :) : BE_LATER
—) '
: #
PROGRAM dyn_array
IMPLICIT NONE
INTEGER SIZE
REAL, ALLOCATABLE, DIMENSION() ::array
WRITE(*, *) 'SIZE?"
READ(*, *) SIZE
IF(SIZE > 0) ALLOCATE(array(SIZE))
Ya
IF(ALLOCATED(array)) DEALLOCATE(array)
END PROGRAM dyn_array
$ # # DIMENSION !
# ! :
REAL X(10, 20, 30), Y(100), Z(2, 300, 2, 4)

' &#

PROGRAM NEWTON
IMPLICIT NONE
REAL(8) :: X, DX, F, DF
X=33! 101" &08&2 &
DO! 13*'43$& &* 15&&

DX = F(X) / DF(X) ! 4)/8,0 & 6Y(!

X =X-DX! 4)/8,0 & v 7 &08&2 &"

IF(DX <= SPACING(X)) EXIT ! 58$0 84 6!*" , S
I 6 16 1 & 27+ T4+"  0T4*O01)&
I 49* )& 8l &" &
END DO
PRINT *, X ! Ha7T 8y & "
PRINT *, F(X) ! HAT  8Y & +$588& 4 *I$ X
PRINT *, DF(X) ! Ha7T  8Y & ‘&84T,

! +$588& 4 *$ X
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END PROGRAM NEWTON

REAL(8) FUNCTION F(X)
IMPLICIT NONE
REAL(8) :: X

F = SIN(X)

RETURN

END

) 0. 4

%

PROGRAM

MODULE

END[ MODULE][

USE L ONLY

only_ ]

I
B L P B P
Ro

[RECURSIVE JSUBROUTINE

(- _ < _ ]
)]

[ [RECURSIVE ~ JFUNCTION | $

¢« _ < _ )
[ RESULT( _#< N

INTERFACE][ _ ] $

END[ JINTERFACE

»
Ro

CONTAINS $ #

ENTRY

BLOCK] JDATA[ _ _ 1 1%

END| ]BLOCK] IDATAL | $ &
]




MODULE PROCEDURE _ <

[ 1L, I =

INTEGER[(KIND=] # )]
REAL[(KIND=] # )]
LOGICAL[(KIND=] # )]
COMPLEX[(KIND=] # )]
CHARACTER]
DOUBLE[ JPRECISION]
TYPE( _ )

PARAMETER, PUBLIC, PRIVATE, POINTER, TARGET,
ALLOCATABLE, DIMENSION(

p— )1
INTENT( / ) EXTERNAL,

INTRINSIC, OPTIONAL, SAVE

TYPE], _ ] _#
— PUBLIC PRIVATE

END[ ]TYPE][ _ ]

IMPLICIT , —) ( - )L

( ...  NONE

ALLOCATABLE [:1]
_ [( _ )]--]

ALLOCATABLE

DIMENSION (
_ ( B )]

PARAMETER
( - - - )

EXTERNAL %

EXTERNAL

INTRINSIC

INTRINSIC

INTENT( / )

INTENT

OPTIONAL <

OPTIONAL
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5( |
SAVE[[:] _ _ = ] $
SAVE
COMMON n _ _ I/ _ $
I _ / B ]
DATA = / _ L 1%
_= / # /..]
FORMAT([ D * $ !
!
/
6.-
END[ PROGRAM][ 1 &

END[

[ 1l

— SUBROUTINE ~ FUNCTION

CALL

)]

I( - _

RETURN

STOP|




8.#

IF(

WHERE(

[if_ ]
IF(

ELSE[[ ]IF(
THEN[ if_ ]
ENDJ JIF[ if_ ]

IF_THEN_ELSE

WHERE( B B )
ELSEWHERE
END[ JWHERE

[select_ | SELECT[ ]JCASE
( — )

CASE ( _# #
select ]

CASE DEFAULT]J select_ |
ENDJ[ ][SELECT] select_ ]

)l

SELECT

GO[]TO

[do_ ] DO[ ]

[do_ ] DO[ ] []
WHILE(

CYCLE[do_ ]

EXIT[ do_ ]

do_

CONTINUE

ENDI[ ]DO[ do_ ]

do

ALLOCATE( = L
STAT= )

DEALLOCATE( = [,
STAT= )
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10.-

READ(
READ [,

WRITE(
[ _ ]

PRINT L

OPEN(

CLOSE(

11..

(

ABS(A)

ACHAR()

ASCII

ACOS(X)

AIMAG(Z)

AINT(A[, KIND])

ALLOCATED(ARRAY)

ANINT(A [, KIND])

I # &

ASIN(X)

ATAN(X)

ATAN2(Y, X)

CALL DATE_AND_TIME([DATE],T IME]
[.ZONE] [ VALUES])

CALL RANDOM_NUMBER(HARVEST)

[0,1)

CALL RANDOM_SEED([SIZE] [,PUT][,GET])

CALL SYSTEM_CLOCK([COUNT]
[,COUNT_RATE] [[COUNT_MAX])

CEILING(A)

CHARC(I [, KIND]) ICHAR(C)




CMPLX(X [, Y] [, KIND])

CONJG(Z)

COS(X)

COSH(X)

COUNT(MASK [, DIM])

CSHIFT(ARRAY, SHIFT [, DIM])

DIGITS(X)

DOT_PRODUCT(VECTOR_A, VECTOR_B)

DPROD(X, Y)

EOSHIFT(ARRAY, SHIFT [, BOUNDARY] [,
DIM])

EPSILON(X)

EXP(X)

EXPONENT(X)

FLOOR(A)

FRACTION(X)

HUGE(X)

IACHAR(, )

IAND(I, J)

IBCLR(l, POS)

IBITS(I, POS, LEN)

IBSET(I, POS)

ICHAR(C)

IEOR(, J)

- (95 9:44

INDEX(STRING, SUBSTRING [,BACK])

INT(A [, KIND])

IOR(, J)
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11.(

ISHIFT(I, SHIFT)

ISHIFTC(I, SHIFT [, SIZE])

KIND(X)

LBOUND(ARRAY [, DIM])

LEN(S)

LEN_TRIM(STRING)

LOG(X)

LOGI0(X)

LOGICAL(L [, KIND])

MATMUL(MATRIX_A, MATRIX_B)

MAX(AL, A2[, A3, ....])

MAXLOC(ARRAY [, MASK])

MAXVAL(ARRAY [, DIM ] [, MASK])

MIN(AL, A2 [, A3, ....])

MINLOC(ARRAY [, MASK])

MINVAL(ARRAY [, DIM ] [, MASK])

MOD(A, P)

MODULO(A, P)

NINT(A [, KIND])

| # &

NOT(I)

PRECISION(X)

PRESENT(A)

PRODUCT(ARRAY [, DIM] [, MASK])

REAL(A [, KIND])

RESHAPE(SOURCE,
ORDER])

SHAPE

[,PAD]

[

SCAN(STRING,SET[,BACK])

STRING SET

SELECTED_INT_KIND(R)




11.(

SELECTED_REAL_KIND([PI[,R])

SHAPE(SOURCE)

%

SIGN(A, B)

SIN(X)

SINH(X)

SIZE(ARRAYT,DIM])

SQRT(X)

SUM(ARRAY[,DIM][,MASK])

TAN(X)

TANH(X)

TINY(X)

TRANSPOSE(MATRIX)

UBOUND(ARRAY [, DIM])
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V.

1.
2.

3.

&

, $.

3.
, 2004 ., 481 .

2002 ., 599 .

%

, 2002 ., 39
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