
MPI¿1?§Ä:

o¬¬

hmli@ustc.edu.cn, lihm@qibebt.ac.cn

¥I�Æ���)ÔU�L§ïÄ¤ �?O�¥%

2009c 12�

o¬¬ (�U¤��¥%) ¿1§S�O 2009 c 12 � 1 / 64

http://staff.ustc.edu.cn/~hmli/
mailto:hmli@ustc.edu.cn
mailto:lihm@qibebt.ac.cn
http://wwww.qibebt.cas.cn
http://124.16.151.186


MPI?§�ÔSN

1 ¿1O�{0

2 MPI {0

3 MPI ?§

4 MPI :é:Ï&

5 MPI 8ÜÏ&

6 MPI êâ����)�

7 MPI p?õU

8 MPI Ú OpenMP·Ü¿1?§

9 MPI §S�?È�$1

10 9Ï^�óä

11 éX�ª

o¬¬ (�U¤��¥%) ¿1§S�O 2009 c 12 � 2 / 64



¿1O�{0

��o�æ^¿1O�º

G1§S�ÝJ,�ú

�±\¯�Ý

�±\�5�

o¬¬ (�U¤��¥%) ¿1§S�O 2009 c 12 � 3 / 64



¿1O��O�©a

��S�µOpenMP

õ�?nì��Ó�S�

ccNUMA(Cache-Coherent Non-Uniform Memory Access)!
SMP(Symmetric MultiProcessing)
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Cluster!MPP(Massively Parallel Processing)
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MPI{0

MPI(Message Passing Interface)´ 1994c 5�uÙ��«�ED4�
�IO"§¢Sþ´���ED4¼ê¥�IO`²§±�óÕá�/

ª5½Âù���¥§¿Jø
� C/C++Ú Fortran�ó��½"

Ì�Õ:µhttp://www.mpi-forum.org/
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MPI-1.0úÙµMPIØ�£1994c 5�¤

MPI-1.1úÙµMPIØ�£1995c 6�¤

MPI-1.2úÙµMPIØ�£1997c 7�¤

MPI-2úÙµMPIØ�£1997c 7�¤

MPI-1.3úÙµMPIØ�£2008c 5�¤

MPI-2.1úÙµMPIØ�£2008c 9�¤

MPI-2.2úÙµMPIØ�£2009c 9�¤
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MPI�¢y

MPICHµ�2��MPI¢y
http://www.mcs.anl.gov/research/projects/mpi/mpich1/

MPICH2µMPICH�#©|
http://www.mcs.anl.gov/research/projects/mpich2/

MVAPICHÚMVAPICH2µ�é InfiniBand�ä�MPICH��
http://mvapich.cse.ohio-state.edu/

MPICH-MXÚMPICH-MX2µ�éMyrinet�ä�MPICH��
http://www.myri.com/scs/download-mpichmx.html

Open-MPIµïá3 FT-MPI!LA-MPI!LAM/MPI��þ
http://www.open-mpi.org/

Intel MPIµïá3MPICH2ÚMVAPICH2�þ
http://software.intel.com/en-us/intel-mpi-library/

LAM(Local Area Multicomputer)µOhio State Universitymu
http://www.lam-mpi.org
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MPI?§

MPI�§S
Jø��¿1�¸¥§§S
ÏLN^MPI�¥¼ê5
��§S
¤��¿18�§�¦^Ù¥�8��Ä��¼êÒU?�

�����MPI§S�¦)éõ¯K"ù8�Ä�¼ê§�)éÄÚ
(åMPI�¸§£O?§±9uxÚ�Â�Eµ

MPI_INIT éÄMPI�¸

MPI_COMM_SIZE (½?§ê

MPI_COMM_RANK (½gC�?§I£Î

MPI_SEND ux�^�E

MPI_RECV �Â�^�E

MPI_FINALIZE (åMPI�¸
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Fortran��{ü~f

�
PROGRAM MAIN

USE MPI

CHARACTER ∗ (MPI_MAX_PROCESSOR_NAME) ProcessorName

INTEGER MyID,NumProcs,NameLen,iErr

CALL MPI_INIT(iErr)

CALL MPI_COMM_RANK(MPI_COMM_WORLD,MyID,iErr)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NumProcs,iErr)

CALL MPI_GET_PROCESSOR_NAME(ProcessoRname,NameLen,iErr)

WRITE (∗,10) MyID,NumProcs,ProcessorName

10 FORMAT('Hello␣world,␣process', I2, '␣of␣', I1, '␣on␣', 20A)

CALL MPI_FINALIZE(iErr)

END
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C��{ü~f

�
#include "mpi.h"

main(int argc, char ∗∗argv)

{

int NumProcs,MyID,i,j,k;

MPI_Status status;

char msg[20];

MPI_Init(&argc,&argv);

MPI_Comm_size(MPI_COMM_WORLD,&NumProcs);

MPI_Comm_rank(MPI_COMM_WORLD,&MyID);

if (MyID == 0){

strcpy(msg,"Hello␣World");

MPI_Send(msg,strlen(msg) + 1,MPI_CHAR,1,99,MPI_COMM_WORLD);

}else if (MyID ==1){

MPI_Recv(msg,20,MPI_CHAR,0,99,MPI_COMM_WORLD,&status);

printf ("Receive␣message␣=␣%s\n",msg);

}

MPI_Finalize();

}
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Þ©�

MPI§S�¦¤k�¹MPIN^�§SA\\MPI©�Þµ

Cµ#include "mpi.h"

Fortranµ

F77µinclude 'mpif.h'
F909��µuse mpi½ include 'mpif.h'

5µFortran�,Ø«©���§� LinuxXÚ«©���§Ïdùp
� mpif.h7L���
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MPI_COMM_WORLDÏ&Ïf3MPI�¸Ð©zL§¥Mï
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?§Ò£rank¤

3��Ï&Ïf¥§z�?§Ñk������êI£Î§¡�/?§
Ò0§?§Ò´l 0m©�ëY�ê§^?§Ò�±��§S�ØÓÜ
©3ØÓ�?§¥¿1$1
�

CALL MPI_COMM_RANK(MPI_COMM_WORLD, MYID, IERR)

IF (MYID == 0) THEN

0Ò?§$1�§Sã

ELSE IF (MYID == 1) THEN

1Ò?§$1�§Sã

ENDIF
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MPI�E�)&µÚêâüÜ©§&µ�Ñ
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Û¹�½

MPI¼ê�·¶5K

¼ê¶/ª�MPI_Class_action_subset!
MPI_Class_action!MPI_Action_subset½MPI_Action
C�óµMPIÚ1��_��ÄiÎ���§Ù{���
Fortran�óµ¼ê¶Ø«©���"Fortran¼êØ

MPI_Wtime!MPI_Wtick	§' C¼êõ��ëê IERROR

3MPIIO¥MPI¼êæ^�óÕá��ª`²§ëê^
IN!OUT½ INOUTIP

INµCþ�Ñ\�¼ê�§N^�Ù�ØC
OUTµCþØ´Ñ\�¼ê�§Ù��¼êN^��#
INOUTµCþQ´Ñ\�¼ê�§N^��¬��#
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MPI_Init

MPI_Comm_size

MPI_Comm_rank

MPI_Send

MPI_Recv

MPI_Finalize
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MPI_InitµÐ©zMPI�¸

Ð©zMPI$1�¸

7LN^¶ÄkN^¶N^�g

z�?§Ñk��ëêL

int MPI_Init( int ∗argc, char ∗∗∗argv )

MPI_INIT( IERROR )

INTEGER IERROR

5µ

ÉÚL« C�{

7ÚL« Fortran�{§1�1�¼ê§�¡�1�Cþ(²
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MPI_Comm_sizeµ��?§ê

�£�T|Ï&Ïf�'�?§ê§ÏÕÏf7L´|SÏÕÏf

int MPI_Comm_size( MPI_Comm comm, int ∗size )

MPI_COMM_SIZE( COMM, SIZE, IERROR )

INTEGER COMM, SIZE, IERROR
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MPI_Comm_rankµ��?§Ò

�£T?§3�½Ï&Ïf¥�?§Ò£0*?§ê-1¤§��?§3
ØÓÏ&Ïf¥�?§Ò�UØÓ

int MPI_Comm_rank( MPI_Comm comm, int ∗rank )

MPI_COMM_RANK( COMM, RANK, IERROR )

INTEGER COMM, SIZE, IERROR
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MPI_Sendµux�E

ux�À«¥� count� datatypeêâa.�êâux�8�?§

MPI_SEND(buf, count, datatype, dest, tag, comm)

IN buf ux���å©/�£ÀJ.¤

IN count ux�������ê£�K�ê¤

IN datatype z�ux�����êâa.£éY¤

IN dest 8�/?§Ò£�.¤

IN tag �EI�£�.¤

IN comm Ï&f£éY¤

int MPI_Send(void∗ buf, int count, MPI_Datatype datatype, int dest, int tag, MPI_Comm comm)

MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERROR)

<type> BUF(∗)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR
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MPI_Recvµ�Â�E

l�½�?§ source�Â�E§Â���E¤�¹�êâ����ê�
õØU�L count

MPI_RECV(buf, count, datatype, source, tag, comm, status)

OUT buf �Â���å©/�£ÀJ.¤

IN count �Â��¥����ê£�.¤

IN datatype z��Â�����êâa.£éY¤

IN source uxö��?§Ò£�.¤§��MPI_ANY_SOURCE

IN tag �E�I££�.¤§��MPI_ANY_TAG

IN comm Ï&|£éY¤

OUT status G�é�£G�¤

int MPI_Recv(void∗ buf, int count, MPI_Datatype datatype, int source, int tag, MPI_Comm comm,

MPI_Status ∗status)

MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS, IERROR)

<type>BUF(∗)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR
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5¿;�k£

e¡~f�?§Ñ3��é�?§ku52ux§��k£
�
if (MyID == 0) then

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,STATUS,iErr)

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,iErr)

elseif (MyID == 1) then

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,STATUS,iErr)

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,iErr)

endif


� �
e¡ü�~fØ�3k£
�
if (MyID == 0) then

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,iErr)

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,STATUS,iErr)

elseif (MyID == 1) then

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,iErr)

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,STATUS,iErr)

endif


� �
�
if (MyID == 0) then

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,STATUS,iErr)

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,iErr)

elseif (MyID == 1) then

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,iErr)

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,STATUS,iErr)

endif
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MPI_Finalizeµ(åMPI�¸

(åMPI�1�¸"T¼ê���A^§SN^�§ÒØUN^MPI
�Ù§~1¼ê£�)MPI_Init¤§^r7L�y3?§N^
MPI_Finalize�c�¤�?§k'�¤kÏ&

int MPI_Finalize( void )

MPI_FINALIZE( IERROR )

INTEGER IERROR
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ëê`²

�À«£buffer¤

êâ�ê£count¤

êâa.£type¤

8�/£dest¤

£source¤

I£Î£tag¤

Ï&Ïf£comm¤

G�£status¤
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o¬¬ (�U¤��¥%) ¿1§S�O 2009 c 12 � 29 / 64



êâ�ê£count¤

ux½�Â�½êâa.��ê

êâa.��Ý *êâ�ê���^r¢SD4��E�Ý
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êâa.£type¤

MPI½Â
�
"��êâa.§^r���âI�ïágC�a.
MPI½Â�� Cêâa.�éA'X

MPI êâa. C êâa. MPI êâa. C êâa.
MPI_CHAR char MPI_C_BOOL _Bool
MPI_SHORT signed short int MPI_INT8_T int8_t
MPI_INT signed int MPI_INT16_T int16_t
MPI_LONG signed long int MPI_INT32_T int32_t
MPI_LONG_LONG_INT signed long long

int
MPI_INT64_T int64_t

MPI_LONG_LONG (as a syn-
onym)

signed long long
int

MPI_UINT8_T uint8_t

MPI_SIGNED_CHAR signed char MPI_UINT16_T uint16_t
MPI_UNSIGNED_CHAR unsigned char MPI_UINT32_T uint32_t
MPI_UNSIGNED_SHORT unsigned short

int
MPI_UINT64_T uint64_t

MPI_UNSIGNED unsigned int MPI_C_COMPLEX float _Complex
MPI_UNSIGNED_LONG unsigned long

int
MPI_C_FLOAT_COMPLEX
(as a synonym)

float _Complex

MPI_UNSIGNED_LONG_LONGunsigned long
long int

MPI_C_DOUBLE_COMPLEX double _Com-
plex

MPI_FLOAT float MPI_C_LONG_DOUBLE_COMPLEXlong double
_Complex

MPI_DOUBLE double MPI_BYTE 8 binary digits
MPI_LONG_DOUBLE long double MPI_PACKED data packed

or unpacked
with MPI_Pack
MPI_Unpack

MPI_WCHAR wchar_t (dened
in <stddef.h>)
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MPI½Â�� Fortranêâa.�éA'X

MPI½Â�� Fortranêâa.�éA'X

MPI êâa. Fortran êâa.
MPI_CHARACTER character(1)
MPI_INTEGER integer
MPI_REAL real
MPI_DOUBLE_PRECISION double precision
MPI_BYTE 8 binary digits
MPI_PACKED data packed or unpacked with MPI_Pack MPI_Unpack
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8�/£dest¤

ux?§�½��ÂT�E�8�?§§�Ò´�Â?§�?§Ò
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£source¤

�Â?§�½�uxT�E�?§§�Ò´ux?§�?§Ò

XT��MPI_ANY_SOURCEL«�Â?¿?§u5��E
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I£Î£tag¤

d§S
�½��I£���E����K�ê�£0-32767¤

uxö�Ú�Âö��I£Î�½���

éu�Âö�5`§X tag�½�MPI_ANY_TAGK��?Ûu
xö�� tag���
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Ï&Ïf£comm¤

�¹�8�?§��|þe©�'�?§8Ü

Ø�^rgC½Â£Mï¤
#�Ï&Ïf§ÄK��¦^XÚý

k½Â��ÛÏ&ÏfMPI_COMM_WORLD
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G�£status¤

é�Âö�§�¹�Â�E�?§£source¤ÚI£Î£tag¤

3 C§S¥§´��¹n�¤
�(�Nµ

status.MPI_SOURCEµuxêâ�?§I£
status.MPI_TAGµuxêâ¦^� tagI£
status.MPI_ERRORµ�Âö��£��Ø�è

3 Fortran§S¥§´�¹MPI_STATUS_SIZE��ê�ê|µ

status(MPI_SOURCE)µuxêâ�?§I£
status(MPI_TAG)µuxêâ¦^� tagI£
status(MPI_ERROR)µ�Âö��£��Ø�è

��u�«�Â�é�E�iÿÅ�§¿�±Ù��âé�E�Ñ

ØÓ�?n£�^Ï�Î�É�E�¤
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Hello WorldµF90~f

�
USE MPI

INTEGER MyID, NumProcs, iErr

INTEGER STATUS(MPI_STATUS_SIZE)

CHARACTER∗11 MSG_0,MSG_1

MSG_0='Hello␣world'

CALL MPI_INIT(ierr)

CALL MPI_COMM_RANK(MPI_COMM_WORLD, MyID, iErr)

CALL MPI_COMM_SIZE(MPI_COMM_WORLD, NumProcs, iErr)

if (MyID == 0) then

CALL MPI_SEND(MSG_0,11,MPI_CHARACTER,1,0,MPI_COMM_WORLD,iErr)

PRINT ∗, 'ID', MyID, 'send␣', MSG_0,'␣to␣ID␣1'

elseif (MyID == 1) then

CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,0,0,MPI_COMM_WORLD,STATUS,iErr)

PRINT ∗, 'ID', MyID, 'recieve␣', MSG_1,'␣from␣ID␣0'

endif

CALL MPI_FINALIZE(iErr)

END


� �
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Hello WorldµC~f

�
#include "mpi.h"

int main( int argc, char ∗∗argv )

{

char message[20];

int myrank;

MPI_Status status;

MPI_Init( &argc, &argv );

MPI_Comm_rank( MPI_COMM_WORLD, &myrank );

if (myrank == 0) /∗ code for process zero ∗/

{

strcpy(message,"Hello,␣there");

MPI_Send(message, strlen(message)+1, MPI_CHAR, 1, 99, MPI_COMM_WORLD);

}

else if (myrank == 1) /∗ code for process one ∗/

{

MPI_Recv(message, 20, MPI_CHAR, 0, 99, MPI_COMM_WORLD, &status);

printf ("received␣:%s:\n", message);

}

MPI_Finalize();

}


� �
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:é:Ï&µ{lux

MPI_SEND(buf, count, datatype, dest, tag, comm)µIO�ª

MPI_RECV(buf, count, datatype, source, tag, comm, status)

MPI_BSEND(buf, count, datatype, dest, tag, comm)µ���ª

MPI_SSEND(buf, count, datatype, dest, tag, comm)µÓÚ�ª

MPI_RSEND(buf, count, datatype, dest, tag, comm)µO�Ð�ª
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n«N�Ï&�ª

ÃØ�����Â´Ä®�\§Um©��/���ª0�uxö�"§�±3�����Â�\±c�¤"�´§Ø�
IOux§ù�ö�´ÛÜ�§§��¤Ø�6�����Â�u)"Ïd§XJ�1��uxvk���Â�\§@
oMPI 7L���Ñu��E, ±B#NuxN^�¤"XJvk¿v����m§���Øòu)"�������
mêþd^r��"�¦���ªk��±�¦^r©���"

����U, �EÒ�ux"

ÃØ�����Â´Ä®�\§Um©/ÓÚ�ª0���uxö�"�´§�k�����Â�\§�Âö�®m©�
ÂÓÚux��E�§uxö�ò¤õ�¤"¤±§��ÓÚux��¤ØL«ux��U�2¦^§�´L²�Âö®
���1�,�:§=§®m©�1���Â"XJuxÚ�ÂÑ´{lö�§@oÓÚ�ª�¦^JøÓÚ�Âµü�
?§3Ï&�à¬±c§��Ï&ØU�¤"3ù��ªe�1���ux´�ÛÜ�"

uxöu��/�¦ux0��E"�Âö�;ù��¦"������Â�\�§�Âöu£��/#Nux0��
E§ù��Âöux�E"

IOuxµ1���Æ^uá��E, 1���Æ^u���E"

�k���Â®�\§�±m©��/O�ÐÏ&0�ª�ux"ÄK§ù�ö�´�Ø�§Ù(J´Ã½Â�"3,

XÚ§ù#N£Ñ��&Ò��ªö�§¿��Jp5U"uxö���¤Ø�6�����Â�G�§�L²ux��
U�2¦^"O�Ð�ª���uxö�§���IOuxö�½��ÓÚuxö�k�Ó��Â¶�´uxö�XÚJ
øN\�&E£=µ�����Â®�\¤§U!��
�	m�"Ïd§3���(�§S¥§��O�ÐuxU��

�IOuxO�§é§S�Ä�ÃK�é5UkK�"

uxör�E�������, ,�±�{l�ªux§£¦^�IOuxÓ���Æ¤"
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�{lÏ&

ÏLUÏ&ÚO�3NõXÚUJp5U

�êâ®�lux���Ñ�§ux�¤N^�£

MPI_ISEND(buf, count, datatype, dest, tag, comm, request)µ
IO�ª

MPI_IRECV(buf, count, datatype, source, tag, comm, request)µ
�Â�k�«IO�ª

MPI_IBSEND(buf, count, datatype, dest, tag, comm, request)µ
���ª

MPI_ISSEND(buf, count, datatype, dest, tag, comm, request)µ
ÓÚ�ª

MPI_IRSEND(buf, count, datatype, dest, tag, comm, request)µ
O�Ð�ª

5µõ
��¦éY£requestëê¤§dëê3 C�ó¥�
MPI_Requesta.§3 Fortran¥� INTEGERa."
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��Ï&�¤ÚuÿÏ&´Ä�¤

MPI_WAIT(request, status)µ��uÿ�Ï&�¤
MPI_WAITANY(count, array_of_requests, index, status)µ��?¿�
�uÿ�Ï&�¤

MPI_WAITALL(count, array_of_requests, array_of_statuses)µ��
¤kuÿ�Ï&Ñ�¤

MPI_WAITSOME(incount, array_of_requests, outcount,
array_of_indices, array_of_statuses)µ��k
uÿ�Ï&�¤
MPI_TEST(request, flag, status)µÿÁuÿ�Ï&´Ä�¤
MPI_TESTANY(count, array_of_requests, index, ag, status)µÿÁ´
Ä?¿��uÿ�Ï&�¤

MPI_TESTALL(count, array_of_requests, ag, array_of_statuses)µÿ
Á´Ä¤k�uÿ�Ï&Ñ�¤

MPI_TESTSOME(incount, array_of_requests, outcount,
array_of_indices, array_of_statuses)µÿÁ´Äk
uÿ�Ï&�¤
MPI_REQUEST_GET_STATUS(request, ag, status)µ¼�uÿ�Ï&
�G�§�WAITÚ TESTØÓ§¿Øº�éY
MPI_REQUEST_FREE(request)µº�,�Ï&

WAIT´���÷v,�^���¤§TEST´uÿ±�=�¤
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MPI_IPROBE(source, tag, comm, flag, status)µ�{l&ÿ?§
source´ÄuIP� tag��E5§G��;3 flag

MPI_PROBE(source, tag, comm, status)µ{l&ÿ?§ source
´ÄuIP� tag��E5

MPI_CANCEL(request)µ��Ï&

MPI_TEST_CANCELLED(status, flag)µ&ÿÏ&´Ä®��
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�Eux�ÂÓ�ëê�&E´§�±|^e¡j±ªÏ&�ª��

�p�Ï&5U

Ð©zuxÚ�Â

MPI_SEND_INIT(buf, count, datatype, dest, tag, comm, request)
MPI_BSEND_INIT(buf, count, datatype, dest, tag, comm,
request)
MPI_SSEND_INIT(buf, count, datatype, dest, tag, comm,
request)
MPI_RSEND_INIT(buf, count, datatype, dest, tag, comm,
request)
MPI_RECV_INIT(buf, count, datatype, dest, tag, comm, request)

MPI_START(request)µm©,�Ï&

MPI_STARTALL(count, array_of_requests)µm©¤kÏ&

MPI_REQUEST_FREE(request)µº�,�Ï&
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MPI_SENDRECV(sendbuf, sendcount, sendtype, dest, sendtag,
recvbuf, recvcount, recvtype, source, recvtag, comm, status)µux
�Â¦^ØÓ��À«

MPI_SENDRECV_REPLACE(buf, count, datatype, dest,
sendtag, source, recvtag, comm, status)µux�Â¦^Ó��À«

MPI_PROC_NULLµ�?§£J[?§¤§éd?§�ux½�
Âá=�£§3,
�¹e?§æ^�?§¬�\�B
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8ÜÏ&

¤k|¤
m�»æÓÚ£barrier synchronization¤

��¤
�|S¤k¤
�2Â£broadcast¤Ï&

��¤
l¤k|¤
Â8£gather¤êâ

��¤
�|S¤k¤
©Ñ£scatter¤êâ

|S¤k¤
Ñ�Â(J

|S¤k¤
�¤k¤
m�©Ñ/Â8êâö�

�Û8�£global reduction¤ö�X¦Ú£sum¤§¦4��£max¤§
½^rg½Â�ö�§ùp(J�£�¤k�|¤
½=�£�Ù¥��

�¤


|Ü8�£combined reduction¤Ú©Ñö�

|S¤k¤
þ�|¢£scan¤ö�£�¡c�ö�¤
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8ÜÏ&¼ê�L
MPI_BARRIER(comm)µÓÚ

MPI_BCAST(buffer, count, datatype, root, comm)µ2Â

MPI_GATHER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm)µÂ8

MPI_GATHERV(sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype, root,
comm)µ�k £�Â8
MPI_SCATTER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm)µÑu

MPI_SCATTERV(sendbuf, sendcounts, displs, sendtype, recvbuf, recvcount, recvtype, root,
comm)µ�k £�Ñu
MPI_ALLGATHER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm)µ¤k?§Ñ
Â8
MPI_ALLGATHERV(sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs,recvtype,comm)µ
�k £�¤k?§ÑÂ8
MPI_ALLTOALL(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm)µ���

MPI_REDUCE(sendbuf, recvbuf, count, datatype, op, root, comm)µ5�

MPI_ALLREDUCE(sendbuf, recvbuf, count, datatype, op, comm)µ�Ü?§Ñ?15�

MPI_REDUCE_SCATTER(sendbuf, recvbuf, recvcounts, datatype, op, comm)µ5��Ñu

MPI_SCAN(sendbuf, recvbuf, count, datatype, op, comm)µ×£§q¡c�5�§éü3d?§c¡�?
§Úd?§�êâ?15�
MPI_EXSCAN(sendbuf, recvbuf, count, datatype, op, comm)µü§×£§éü3d?§c¡�?§�êâ
?15�

MPI_REDUCE!MPI_ALLREDUCE!MPI_REDUCE_SCATTERÚMPI_SCAN�5�$� op �±�µ

MPI_MAXµ���

MPI_MINµ���

MPI_SUMµ¦Ú

MPI_PRODµ¦È

MPI_LANDµÜ6�

MPI_BANDµ �

MPI_LORµÜ6½

MPI_BORµ ½

MPI_LXORµÜ6É½

MPI_BXORµ É½
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êâ����)�

�
Ï&¥�uxØëYêâJø��/)�¼ê§^r3uxcwª/rê

â�C���ëY��À«§3�Â��lëY�À«¥)�"3õê�¹e

#Nk���)êâa.Øwª��Ú)�§^r�²�ux�Ú�Â�êâ

�©Ù§Ï&¥���¯��ØëY��À«"

MPI_PACK(inbuf, incount, datatype, outbuf, outcount, position,
comm)µ��

MPI_UNPACK(inbuf, insize, position, outbuf, outcount, datatype,
comm)µ)�

MPI_PACK_SIZE( incount, datatype, comm, size )µ¼���ê
âÓ^�m�þ.

����ü��^MPI_PACKEDa.ux"?Û:�:½Â8ªÏ&õU
��^5l��?§£Ä�¤��ü��i!S��,��?§¥"T��ü

�ù��^?Û�Âö�¦^?¿êâa.5�Âµa.���5½éu±

MPI_PACKEDa.ux��EØ2å�^"

±?Ûa.ux��E£�)MPI_PACKEDa.¤Ñ�^MPI_PACKED

a.�Â��N^MPI_UNPACK5)�"
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ò2:êê|ÚiÎê|��ux��Â�)�
�
USE MPI

INTEGER MYID,IERR,MYSIZE,STATUS(400),POSTION

REAL BUF1(10)

CHARACTER∗20 BUF2

CHARACTER PSEND,PRECV

CALL MPI_INIT(IERR)

CALL MPI_COMM_RANK(MPI_COMM_WORLD, MYID, IERR)

IF (MYID==0) THEN

BUF1=1.0

BUF2="ABCDEFGHIGKLMNOPQRST"

POSTION=0

CALL MPI_PACK(BUF1, 10, MPI_REAL, PSEND, 100, POSTION, MPI_COMM_WORLD, IERR)

CALL MPI_PACK(BUF2, 20, MPI_CHARACTER, PSEND, 100, POSTION, MPI_COMM_WORLD, IERR)

CALL MPI_SEND(PSEND, POSTION, MPI_PACKED, 1, 1, MPI_COMM_WORLD, IERR)

ELSE IF (MYID==1) THEN

CALL MPI_RECV(PRECV, 100, MPI_PACKED, 0, 1, MPI_COMM_WORLD, STATUS, IERR)

CALL MPI_UNPACK(PRECV, 100, POSTION, BUF1, 10, MPI_REAL, MPI_COMM_WORLD, IERR)

CALL MPI_UNPACK(PRECV, 100, POSTION, BUF2, 20, MPI_CHARACTER, MPI_COMM_WORLD,

PRINT∗,'BUF1:␣',BUF1

PRINT∗,'BUF2:␣',BUF2

END IF

CALL MPI_FINALIZE(IERR)

END


� �
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MPIp?õU

|§þe©9Ï&f

?§ÿÀ

MPI�¸+n

�)êâa.

Ä�?§+n

�§�;�¯

¿1 I/O
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MPI|§þe©9Ï&f

Ï&fµò¤kù
*:ÑµCå5±B�MPI¥�¤kö�Jø·��
Å¬"Ï&f�©�ü«µ|SÏ&f^u�|?§S�ö�¶|mÏ&

f^uü|?§m�:é:Ï&"

�À«µÏ&fJø
���ÀÅ�#N<�ò�MPI�kA��d�
#�á5éX�Ï&fþ"p?^r�|^ù�Å�?�Ú?»Ï&f¿

ÏLMPI¢y�
Ï&f¼ê"

|µ|½Â
��?§�kS8Ü§z�?§äk��S�Ò§��|

m?§Ï&½Â$?¶i�´d|�¤�"ù�|3:é:Ï&¥�?§

¶i½Â
����",	|�½Â
8Üö����"3MPI¥�l
Ï&f¥é|?1©O�o§�´�kÏ&fâU^uÏ&ö�"

þe©µ�MPIJø
Pk©lS���EDx�m�Uå"
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MPI?§ÿÀ

ÿÀ´\3SÜÏ&fþ��	!�À�á5§§ØU�\3|mÏ&fþ"

éu�|?§£Ï&fSÜ¤§ÿÀU
Jø�«�B�·¶Å�§,	§�

±9Ï$1�mXÚ§ò?§N��M�þ"

MPI¥�?§|´ n�?§�8Ü§|¥�z�?§�D���l 0� n-1�
I£ê"3Nõ¿1A^§S¥§?§��5ü�ØU¿©/�N?§m3Ü

6þ�Ï&�.£Ï~dÄ�¯KAÛÚ¤^�êi�{¤û½¤§?§²~

�ü�¤��½n���/ª�ÿÀ�.§�§Ï~^��ã5£ãÜ6?

§ü�§·��ù«Ü6?§ü��/J[ÿÀ0"

3J[?§ÿÀÚ.��ÔnM�ÿÀ�mk���ß��O"?§©��Ô

n?nìþ�§J[ÿÀ�±dXÚmu§b�ù¬�ÏJp¤�Åì�Ï&

5U§,§ù«N�´XÛ5�¤�§®�Ñ
MPI���",	§J[

ÿÀ�£ã=�6uA^§¿�ÕáuÅì"
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MPI�¸+n

^u¼�Ú3Ü·�/����'uMPI¢y9�1�¸£~X�Ø
?n¤�ØÓëê�~§"ùp£ã
^u?\ÚlmMPI�1�¸
�L§"
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MPI�)êâa.

�d��§¤k�:é:Ï&�V�¹k�Óêâa.����À«§ùéü

«^r����"�«´²~�Dx¹kØÓêâa.���E�^r¶,�

«´²~ux�ëYêâ�^r"�«)û��{´3uxàr�ëY�êâ

�����ëY��À«§3�Âà2)�"ù���":3u3üàÑI�

�	�S��S���ö�§$��Ï&fXÚäkÂ8©ÑêâõU��ÿ

�´Xd"MPIJø`²�Ï^�§·Ü��ëYÏ&�À«�Å�"�
��1£implementation¤�2û½êâAT3ux�c���ëY�À¥§
�´��lêâ�;«Â8"

ùpJø�Ï^Å�#NØI��§´��Dx�«/ªÚ���8I"·

�¿vkb�MPI¥´^�/�ó£ã�ëY8I"Ïd§XJ^r��D

x��(�½��ê|Ü©§KI��MPIJø��Ï&�À«�½Â§T

½Â^¯K��@�(�Úê|Ü©�½Â"ù
óä�±^u¦¥�Oö½

ÂU
Dx^�/�ó½Â�8I�Ï&¼êµÏLé�¼��ÎÒL½J[

�þ£dope vector¤�½Â)è=�"ù«p?Ï&õUØ´MPI�Ü©"
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MPIÄ�?§+n

|mÏ&�

Ä�Mï#�MPI?§

Õá?§m�Ï&

Äu socket�Ï&
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MPI�§�;�¯

�§�;�¯=��é��/��;�m?1�¯

��?§é,	��?§��;«�?1���¯
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MPI¿1 I/O

wª £�¿1©�Ö�

õÀ��¿1©�¿1Ö�

��©�Ö�

©Ùªê|©����
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OpenMP�MPI·Ü¿1?§

MPI¿1?§SÜ��±2�1 OpenMP¿1�§±éÜ?1¿1O
�§��^u!:SÜ���S�§!:m�©ÙªS����XÚ
�
program main

use omp_lib

use mpi

implicit none

integer, save :: iErr, MyID, NumNodes

integer i, j

call mpi_init(ierr)

call mpi_comm_rank(mpi_comm_world, MyID ,iErr)

call mpi_comm_size(mpi_comm_world, NumNodes, iErr)

print∗,'MPI:␣My␣ID:␣', MyID, ',␣Number␣of␣Processes:␣', NumNodes

!$omp parallel

i=omp_get_num_threads()

j=omp_get_thread_num()

print∗, 'OMP:␣Thread␣Number:', j, ',␣Number␣of␣Threads:␣', i

!$omp end parallel

call mpi_finalize( ierr )

end


� �
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MPI§S?È

3MPICH²�e�?Èµ

?È C§Sµ
mpicc -o prog-mpi prog-mpi.c

?È C++§S§MPICH1!2µ
mpiCC -o prog-mpi prog-mpi.cpp

?È C++§S§MPICH2µ
mpicxx -o prog-mpi prog-mpi.cpp

?È F77§Sµ
mpif77 -o prog-mpi prog-mpi.f

?È F90§Sµ
mpif90 -o prog-mpi prog-mpi.f90

éMPI� OpenMP·Ü?§�§S§��ò?È·-�¤�m|±
OpenMP�À�=�§'Xµ

GCCµ-fopenmp

Intelµ-openmp

PGIµ-mp
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MPI§S$1

\1 n�?§$1µ

MPICH1!2µ
mpirun -np n prog-mpi

MPICH2µ
mpiexec -np n prog-mpi

éMPI� OpenMP·Ü?§�§S��1§���� OpenMP�
¸Cþ�^MPI§S$1�ª$1=�

éõ��XÚæ^��NÝXÚ+n^r��§d�IÏL��N

ÝXÚ5$1��§IëwéA���NÝXÚÃþ
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S =
1

fpar/P + (1− fpar)

Amdahl½Æ§Ù¥ P´¿1�Øê§fpar��¿1�Ü©G1�Ó^
�O��m�z©'

b� fpar = 80%§@o 16Ú 32Ø����¿1�Ç´õ�º

16Øµ4

32Øµ4.4

¦�Uõ/¿1z�è§AO´Ñ�Ü©
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§S5U©Ûµ

Intel VTuneµ
http://software.intel.com/en-us/intel-vtune/

AMD CodeAnalystµ
http://developer.amd.com/cpu/CodeAnalyst/

§Sè(�©Ûµ

Understandµ
http://www.scitools.com/products/understand/
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éX&E

¥I����¥%µ

Ì�µhttp://scc.ustc.edu.cn

>{µ0551-3602248
&�µsccadmin@ustc.edu.cn

�U¤��¥%µ

�cÌ�µhttp://124.16.151.186

ò5�¶µhttp://scc.qibebt.cas.cn

>{µ0532-80662613
&�µscc@qibebt.ac.cn

o¬¬µ

Ì�µhttp://staff.ustc.edu.cn/~hmli/

>{µ0532-80662613
&�µhmli@ustc.edu.cn!lihm@qibebt.ac.cn

�H�Ñ�ØÚU?¿�"
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