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o HLENLE: OpenMP
o ZAMEIERILER]— AL
@ ccNUMA (Cache-Coherent Non-Uniform Memory Access).
SMP (Symmetric MultiProcessing)
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MPI f&j 4

MPI(Message Passing Interface) & 1994 4 5 H R AR —FhiH B AL # 4
FAbRdE . e SERR b — N AR R B (bR HE U, DATE S 218
Ok SN, Rt 75 C/C++ Ml Fortran 1 5 I4EE

F Y. http://wuw.mpi-forum.org/
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MPI ) )77 52

6 6 6 6 6 6 6 o6 ¢

MPI ¥k 26 EIFATHHE PO TAESI (1992 4 4 )
MPI-1 # i 2| MPT K4 (1993 4F 1 H)D
MPI-1.0 A4i: MPIigls (1994 4E5 H)

MPI-1.1 A4i: MPIg¥s (1995 4E6 H)

MPI-1.2 A4i: MPIig¥s (1997 4E7 H)

MPI-2 A4i: MPI gtz (1997 47 )

MPI-1.3 Afi: MPIig¥s (2008 4E 5 H)

MPI-2.1 A4i: MPIig¥s (2008 4E£ 9 H)

MPI-2.2 4. MPI gtz (2009 £ 9 H)
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MPI =23

o MPICH: #i) iz MPT sEHL
http://www.mcs.anl.gov/research/projects/mpi/mpichl/

e MPICH2: MPICHI#i%) 3¢
http://www.mcs.anl.gov/research/projects/mpich2/

o MVAPICH f1 MVAPICH2: %%} InfiniBand M%) MPICH fitAs
http://mvapich.cse.ohio-state.edu/

e MPICH-MX FIMPICH-MX2: %X} Myrinet %% #] MPICH KA
http://www.myri.com/scs/download-mpichmx.html

@ Open-MPI: ##37F FT-MPI. LA-MPI. LAM/MPI %2 I
http://www.open-mpi.org/

o Intel MPI: #37.7& MPICH2 fl MVAPICH2 2 t
http://software.intel.com/en-us/intel-mpi-library/

@ LAM(Local Area Multicomputer): Ohio State University JF &
http://www.lam-mpi.org
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Fortran fiAS ] #2451 -1

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', 12, '_of_', I1, '_on_', 20A)

CALL MPI_FINALIZE(iErr)

END
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C AT #1451 1

#include "mpi.h"
main(int argc, char sxargv)
{
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){
strepy (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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MPI 25 23K fr 5 A5 MPLEF R N in N MPT SOk

@ C: #include "mpi.h"
@ Fortran:
o F77: include 'mpif.h'
o F90 ¢ J5: use mpi B include 'mpif.h'
¥E: Fortran HARAX AN, (H Linux REEX NG, FibiX§
1) mpif.h A N
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A5 K7~ F2

o MPI i 455 1 A5 N~ 2 R 0 BEREEAT — P48 B iRl oy, 8 iR
PRI -7 SCT bR ZH P B2 TRDSE TR b S0 CROAR 2 i I TR
(2 gk

e MPI_COMM _WORLD A5 K17 MPI FREE 4] a5 A0 7 v 1)t
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HFES (rank)

E—NAGER T, AR —ANME— AR T, FRIE “HERE
57 MRS RN O TRAR I IESEREAL,  FHIERE S wT AP IR 7 (AN [0
I AEANR R TR AT I8 AT
CALL MPI_COMM _RANK(MPI COMM_WORLD, MYID, IERR)
IF (MYID == 0) THEN
0 T FRIEIT IR B
ELSE IF (MYID —= 1) THEN
1 SRS T R P B
ENDIF
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MPI 74 &

o MPI ¥ EVEHEAE BB W 43, A5 B T R Bz Bo B ot
GRATAT B, B AN BN AL I 45

o Hufli: <tuntbhl, FHEAE, IS

o fEdf: </H, wi, WEH>
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o MPT pRH ) iy 44 R
o A EA N MPI Class  action subset.
MPI Class_action, MPI Action subset 8 MPI Action
o CiliF: MPIAE A _JFMETRNRE, HRANE
o Fortran ii 5 : MREHU AKX K/NE . Fortran AR T
MPI_Wtime. MPI Wtick 4F, Lt C ¥t —4%% IERROR
o 7E MPI px#rf MPT s ORI S M2 i W], 2401
IN. OUT 8¢ INOUT #xic
o IN: AR NAMAL KA, PG HAEAL
o OUT: At A2 gk iy, HALw s B0 MG S8
o INOUT: AL ALy ek, 5ot s

2009 4 12 H

ol (HREP



MPI )5 pR 2L

HMIFIEL R N3 s BB PT 58 i MPT JFAT R
e MPI Init

o MPI Comm _size

o MPI Comm rank

o MPI Send

o MPI Recv

o MPI Finalize
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MPI_Init: #J4R1L MPI 3858

o Witk MPI iz4T 355
) M‘Z)ﬁiﬁ)ﬂ; %%iﬁi)ﬂ; Uﬁﬁﬁﬁﬁ\
o HABRAA —NMSHK

int MPI Init( int *argc, char sxxargv )

MPI_INIT( TERROR )
INTEGER IERROR
Ve
o LK IR Ciliik
o W3R/ Fortran vk, 547 A%, JoIHMAT A48 & I
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MPI_Comm _size: HUSEFREZL

TR ] S A AR D AR O I HERRE 28, ST R - e 200 21 A SR PR 1
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 _rank: SRS

R PRZ RS E AR N T R S (0~BERH-1D , P RbResE
ARV AR A (3R R 5 T EAN A

int MPI Comm _rank( MPI Comm comm, int *rank )

MPI COMM RANK( COMM, RANK, IERROR )
INTEGER COMM, SIZE, IERROR
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MPI_Send: KI%7H

RILGEM X H ) count 4~ datatype FH A [ s 2% 21 H 1 3ERE
MPI_SEND(buf, count, datatype, dest, tag, comm)

IN buf AIEZAFHIE MR HAL (EHEAD

IN count KIEZZAE TG FIANE CERAEEED

IN datatype N KIEGAETC R EIERA CRIRRD
IN dest HHatRe s (M)

IN tag VA br& (B

IN comm {51 CRJR)

int MPI Send(voidx buf, int count, MPI Datatype datatype, int dest, int tag, MPI Comm comm)

MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERROR)
<type> BUF(x)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR
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MPI_Recv: #2H07H &

MFEE R source BOH S, W) BT AL & I8k yo 3= A Eo
Z AL count

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

OUT buf R ZZAF Ml GEFEAD

IN count #WEAET TR/ (AR

IN datatype R MZEEATTC R BRI CRIRRD

IN source KIEEAEMHFES (M) , A5 MPI_ANY SOURCE
IN tag W EMFRIH CBEAYD , w25 MPI_ANY _TAG

IN comm JHfF4L CHJHRD

OUT status JREMNZ CIRZE)

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 (x)
INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR
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VE TR S AE

T A R AR S A R RS ORI A%, B

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

A A AT

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,1,0,0MPI_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
A\S

if (MyID == 0) then
CALL MPI_RECV(MSG_1,11,MPI_CHARACTER,1,0,0MPI_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_Finalize: 453 MPI 55

S5 MPT HATHREG . iZ R — B S HIRR FP HIIN st AN e MPI
(I EpAT RS (RS MPL_Init) , I/ ABUGIEZEE RS T4
MPI_ Finalize Z {58 85 BEREAT OSP4T 1845

int MPI Finalize( void )

MPI_FINALIZE( IERROR )
INTEGER IERROR
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22X, (buffer)
AR (count)
R (type)
Hirh (dest)

5 (source)
FRRFF (tag)
HAEH T (comm)
RE (status)

BB (AT
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2z X (buffer)

IS FHRE e 5 SRR P T 53k sl A HScetts 1 SR 2 i X
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H¥EA% (count)

o RILEFC R BE A KKK
o HImSAL A SEE * Kt BB 7 S e A 34 (11 JE K B
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Bz (type)

MPI5E X T B BRI, FH P R o e o 1 K
MPI 5t XI5 C B R 0 R R

MPT Bk CEFFT MPT Bk CEFF
MPI CHAR char MPI C BOOL Bool
MPI_SHORT signed short int MPI_INT8 T int8 t
MPI_INT signed int MPI_INTI6_T inti6_t
MPI LONG signed long int MPI INT32 T int32 t
MPI_LONG_LONG_INT signed long long || MPI_INT64 T int64_t
int
MPI_LONG_LONG (as a syn- signed long long MPI_UINT8_T uint8_t
onym) int
MPI_SIGNED_CHAR signed char MPI_UINTI6_T Winti6_t
MPI UNSIGNED CHAR unsigned char MPI UINT32 T uint32 t
MPI_UNSIGNED _SHORT MPI_UINT64_T Uint64 _t

unsigned short
int

MPI_UNSIGNED

unsigned int

MPI_C_COMPLEX

float Complex

MPI_UNSIGNED LONG unsigned long MPI_C FLOAT COMPLEX float Complex
B B int (as a synonym) B
MPI_UNSIGNED LONG LONGunsigned long MPI_C DOUBLE_ COMPLEX double Com-
B B B long int - B plex B
MPI_FLOAT float MPI_C LONG DOUBLE COM®&igEX double
- -7 - - 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>)




MPI & X 15 Fortran HdE 2S84 i Vo0 &

MPI 52 X (15 Fortran £ J AL K56 W 5C R

MPT Hfi K Fortran Hi K4

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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H i (dest)

FALBERESR RE IFMOZI B HIRERE, Rl 2 B Re (3R 5

Bl (HREFTEB A L) 2009 4 12 H



5 (source)

o SRR M R I Z I B R, ol A R ILBERE IR B FE 5
o WiZ{til MPI_ANY SOURCE /R T 2V A & R i i
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PRIRST (tag)

o HIFEFP DR E AU bR B ME— AR T (0-32767)

o FILFRAF A MCERAR MR YT ZEDL T

o X THMUREAER DL, Wl tag $7E N MPI_ANY _TAG WAJ H4EAT K
IEARAER) tag AHULAC
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A5 ¥ (comm)

o FHVHY H BN —4 L F SR RS
o FRAEMI M H CoE 30 (BUAD TOBMamAR K7, 5 ) — Ml R &E T
Je e WA JREAE A MPT._COMM _ WORLD
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o MFECHRAE, A EHMOH B HUEERE (source) FIARIRFF (tag)
o £ CHEPHh, BT =AU M Sk
o status. MPI_SOURCE: Ail#dis g fets il
o status. MPI_TAG: KZEEIRATHK tag bril
o status. MPI ERROR: ##1EIR [l )45 2400
o 7f Fortran F&/¥1, 247 MPI_STATUS SIZE AM#%t%4 .
o status(MPI_SOURCE): &i%%¥s it febril
o status(MPI_TAG): AIEEIHAL T tag hril
o status(MPI_ERROR): #2CEEER [Pl 4 A RHS
o AT R S B, I H A AR S A
ANFI AR B 2 T8 AT 52 W R )
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Hello World: F90 1

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 x, '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 x, 'ID', MyID, 'recieve_', MSG _1,'_from_ID_0'

endif

CALL MPI_FINALIZE(iErr)

END
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Hello World: C f-f

#include "mpi.h"
int main( int argc, char sxargv )
{
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) /x code for process one x/
{
MPI_ Recv(message, 20, MPI_CHAR, 0, 99, MPI_COMM _WORLD, &status);
printf ("received_:%s:\n", message);

MPI_ Finalize();
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s REAE . FHZEAIR

@ MPI_SEND(buf, count, datatype, dest, tag, comm): FrififEz
e MPI_RECV(buf, count, datatype, source, tag, comm, status)

©

MPI_BSEND(buf, count, datatype, dest, tag, comm): ZZf7FHHz{
MPI_SSEND(buf, count, datatype, dest, tag, comm): [F2PH=
MPI_RSEND(buf, count, datatype, dest, tag, comm): #E& U

©

©
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=B AR

@ it AMCRBMUEECEN, GBI OB ORISR, e e NERBBEA LR R, (12, T8
FRUERIS, XA IR, E ST AR N ITRRI R R A . R, IR T — AN R I TSRO N, 8
4 MPT AT IEHUR IS, DMESCVRRIR N SE . RSB T AT ), —MBRAG RE TA Si2eAr 4
TR L il D MR T AR R AT o
HETTHE, BRI .

@ ik MLRBBOLE LN, BTG RGBT I ANRIERE. (R, AT AIUREBRCE N, SRR LTI
WL IFID SR T B, SOEAERE I SE e FTLh, IS A I 58 AN FOR RIS AT RER AT, (HR Wl
FREPITIORE—nt, MG ETFOIITICAEHN . I RRIER AR BLIESR A, TRA R BN TR GRS P4
MR R AR, — DEATAREE . AEIX MU AT AN E% S AR -

RIEHR A A 9 e PECH AT X AR S DICREHMCE AR, G KA “RVFRIE” 197
K BRI o

@ bRt B AURUTFRIINE, 5B ABUT T RIGH .

@ FUILRE N, AL A “HERUFTAS " BERIAE. B, AR R, AT AL XU . AR
BY, ZAVFB LM B RAE, JF SBELRPERE. SRR 5E AR AN LR RS, IR IR IR 7
BERCIEAEH] o HEAUFBE N RORERAE, 15 A BRHESCE SRR B AR SRR A 38 3L HURRIE R 43 R G
PERIIE R (B —ANCRBCEN) |, REITE SeBBNITR. R, 28 NEFIMEPE, —DES I RIX R
ABRIERE A, XREFE R BIAE TR T REAT S0 o
RIEHALI I VB —AZEAT, BURCAARRILIE ) URRE e (TS AR RIS R D0
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o JH N WA MU FALVFZ RAREL FTERE
o Hn Cl AL GEATHE N, R 3k 5 i FH 3R 1]

e MPI ISEND(buf, count, datatype, dest, tag, comm, request):
PR

e MPI_TRECV (buf, count, datatype, source, tag, comm, request):
P AT — M AR =X

e MPI IBSEND(buf, count, datatype, dest, tag, comm, request):
AT AR

@ MPI_ISSEND(buf, count, datatype, dest, tag, comm, request):
AP

@ MPI_TRSEND(buf, count, datatype, dest, tag, comm, request):
A I A

e Z2TANERAW (request 280D , WSHECES+HHN
MPI Request KM, 1F Fortran H4 INTEGER 2875,

SR (FRETEE L 2009 4 12 H 42 /6



A S

=

[+

[+

SR AR 8 RS LA

MPI_WAIT (request, status): ARl i) 18 15 56 ik

MPI_WAITANY (count, array of requests, index, status): ZFRH{TE—
ARSI R AEA 76 B

MPI_WAITALL(count, array _of requests, array _of statuses): 5545
JITA RS DN PR S8 A5 40 e 1k

MPI_WAITSOME(incount, array of requests, outcount,
array _of indices, array of statuses): ZFfFATLERS I )17 ¢ ik
MPI_TEST (request, flag, status): WK 1138 A5 A2 15 58 R
MPI_TESTANY (count, array of requests, index, ag, status): Wik/2
AL AL R A 58 B

MPI_TESTALL(count, array _of requests, ag, array _of _statuses):
e A A AR I PR A ¢ K

MPI TESTSOME(incount, array of requests, outcount,
array _of indices, array of statuses): W2 7547 LEAT I 10 A7 5¢ B
MPI_REQUEST GET _STATUS(request, ag, status): SRR
PRAS, 5 WAIT M TEST ASA, FFARE AU

MPI REQUEST FREE(request): BN

WAIT & B L A G 528, TEST &R0 L B 5E ik
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e MPI IPROBE(source tag, comm, flag, status): JEFHIELRINFEFE
source J& 17 KRN tag MTHESK, IRESTAETE flag

@ MPI_PROBE(source, tag, comm, status): FHZELRMBEFE source
T RPRICH tag IRH K

e MPI_CANCEL(request): HHEfE

e MPI_TEST CANCELLED(status, flag): #3852 7 CHUH
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WX FF B AF TR K

Y IR RS 5 B AL, TR R i ki A5y =015 2
B e R EAF 1k
o WA A IEFNFLIRL
e MPI_SEND _INIT(buf, count, datatype, dest, tag, comm, request)
o MPI BSEND INIT(buf, count, datatype, dest, tag, comm,
request)
o MPI_SSEND _INIT(buf, count, datatype, dest, tag, comm,
request)
o MPI_RSEND _INIT(buf, count, datatype, dest, tag, comm,
request)
¢ MPI RECV _INIT(buf, count, datatype, dest, tag, comm, request)
@ MPI_START (request): JFUAMEANIEA S
@ MPI_STARTALL(count, array _of requests): FF4ifr Al 5
e MPI_REQUEST FREE(request): BNl
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FOE MO A R

e MPI_SENDRECV (sendbuf, sendcount, sendtype, dest, sendtag,
recvbuf, recvcount, recvtype, source, recvtag, comm, status): Ki%

FECAs AN R ) 2 v X
e MPI SENDRECV REPLACE(buf, count, datatype, dest,
sendtag, source, recvtag, comm, status): ARG FH RIFE G2 X
e MPI PROC_ NULL: “ZF#ifE OB , XTUCRERE W R IL e
W7 BIIR (A, AERESEAE DL g R ) 22 b R Uy
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o A b1 A MR [ 22 (barrier synchronization)
o MBI AT AN #% (broadcast) HHAF

o MBI MU R (gather) K

o A NPT A (scatter) A

o AW ITA i Al A R

o ZLAFITAT B b3 B ITAT R B 18] (R 70 15/ OS5 A1

o 4 JRH%) (global reduction) EEA/EMKA (sum) , R KME (max) ,
R B SCRIHERAE, I H A SR (9] 45 BT A 1R 2 A 0 BN R Rl 5 2L e i —

AN
o HEHY (combined reduction) A4 EiilE
o HWHrA R EH#ER (scan) #/E (FRATEEAE)
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eGSR
CSESGR SR e
MPI_BARRIER(comm): [}
MPI_BCAST (buffer, count, datatype, root, comm): | %
MPI_ GATHER((sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm): Weke
MPI_GATHERYV (sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs, recvtype, root,
comm): i S KR
MPI_SCATTER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, root, comm): 94
MPI_ SCATTERV (sendbuf, sendcounts, displs, sendtype, recvbuf, recvcount, recvtype, root,
comm): A KUK
MPI__ ALLGATHER(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm): Fifi R
(V€S
MPI _ALLGATHERYV (sendbuf, sendcount, sendtype, recvbuf, recvcounts, displs,recvtype,comm):
AT (RS 1 T4 HE R AR
MPI_ ALLTOALL(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype, comm): 27t
MPI_REDUCE(sendbuf, recvbuf, count, datatype, op, root, comm): K%
MPI_ ALLREDUCE( (sendbuf, recvbuf, count, datatype, op, comm): A:ifiiF#EEAT LY
MPI_REDUCE_SCATTER(sendbuf, recvbuf, recvcounts, datatype, op, comm): MZIJ5HK
MPI SCAN(sendbuf, recvbuf, count, datatype, op, comm): 1, SCRKETE ML, XoFHELE MRS A )0k
FEAERERE B A T
MPI_EXSCAN(sendbuf, recvbuf, count, datatype, op, comm): H-eHIH, XHHAEILBER §T I 2ERE 1 i
BEATHIZ
MPI_REDUCE. MPI_ALLREDUCE. MPI_REDUCE_SCATTER fl MPI_SCAN W% op ilLLk:
MPI_MAX: EAfH
MPI_MIN: /M
MPI_SUM: kA
MPI_PROD: ##
MPI_LAND: ##45
MPI_BAND: fil
MPI_LOR: Z#uk
MPI_BOR: sk
MPI_LXOR: &5

© 66666 6 6 66 666

0066666666
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e/ NEdRaRSY )

LA P RAEANE SRR AT R e, AR R e A e
PR B X, R 5 NS X P iR, EZHNG L
PV —ANIRAE B AR BT R, Fig W SR 34 (R 28 ) B
(R o3 A, AR PR BT ) N ANES DR TIX
e MPI PACK(inbuf, incount, datatype, outbuf, outcount, position,
comm): FIH
e MPI_UNPACK(inbuf, insize, position, outbuf, outcount, datatype,
comm): fif
@ MPI_PACK _SIZE( incount, datatype, comm, size ): 3RHUFTHEL
i oy AT )
—MTUHITA ] MPL_PACKED AKX o ATAA] i 3] s slie S U5 D g
AT SRR RS B R AT A PR TC R - PR A B ) — AR . AT R
JUIK N A AT AR S SOt VR A AT B 5 2R TR ke el . 2R AL IRC R 5 % T~ BA
MPI_ PACKED AKX BEAFHEEH .
DUEAT IS H 36 1 B (045 MPT PACKED 26#4) #[a] fif MPI_PACKED
WG 8 MPI UNPACK SKfi# 0,

)
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R RS AN P A U T R RE R i

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,
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, IER}
CALL MPI_UNPACK(PRECV, 100, POSTION, BUF2, 20, MPI_CHARACTER, MPI _COMM _WORI]
PRINT%,'BUF1:_',BUF1
PRINTx,'BUF2: ', BUF2

END IF

CALL MPI_FINALIZE(IERR)

END
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MPI =2k e

o 4l, L FICIKMfFT
o HEREHFH

o MPI FREs4

o YRAE A

o AR

o WHREAEAHVIIN

e JHTI/O
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MPI 2, bRl ETF

@ JHAH T+ RETAT IR LML U0 E G OR DL MPTH A T AT #1413 24 1K)
Blxe TR Tl o0 g Pl ALAIEAS 1T dLBER P9 (Rt LR IEAR
T 0 T AL R 8] A O R A

o ZZPPIX: JMAE TR T AN HUE RV AR S MPI A RFE 0 1
BB R BN T Lo S P TR XU s s 1
TR MPT SEHL— 261045 1 R 4L

o Al M LT —NHRENEFES, S —REE AT, mH AN
B BERRIE AR 2 R 7 AL 58 B o IXFRALAE A6 5Tl b Ay bR
HEE LT AR AL LT A EAEREE . #E MPI HaT A
A O AT 2 e, e RIS A RE ] A B o

o LF3C: Jy MPT R4 17 73 89 22 A )i AR 2 Tw) ) g
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MPI BEFEHi 4

FAMEINAE N FRIEAS 7 LS. RSN, EARERINELLIREAS 1 Fo
TR GRS TN SRIbREsIR It MO R AL, 55N, T
CUSH ST IN ) 2R 4, K ERE M BIEF L

MPT HHJEREZALE n NHEREIEE S, AP IR — R T — M 0 2 n-1 19
PR RV IMT I IR AR, BERE ARSI ANRE 78 0 M S W e ] 232
W LAY G RS fr U LA R BT ] BB AT g ), BEREZH
WEHEF e — 2k = L PR T KA MR, i L, S ]S ORI 2 4 it
FEdEsl, TAHRIXA MRS “ RAn 7 .

FE ARG DA JZ RO BAE PE30 b 2 TAT AN 2200 . BERE 72 B2
PP S BN, IR T LU RGO A, BBEX A B e HL s (1 A
PERE, RIM, IXFRMURE IR SER, S T MPLRVER . S35k, U
PR HA DA T, JF HARSE T-HLES
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FFSRIUNME 3G (35 BEEAT O MPT SEHL RT3 ST (Bl ik
WD RIS EI G XA 7T AR TT MPT T35
{UpON
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MPI VR A= 3 2

BB ik, A SO R AR R AR S A A R AR SR T A AR 22 i X, X0
P BRI R . — P & AL S A A RIS R E i B s 55—
FhoE W ORI LA I o — PR 1 IR 70 Rk a2 S (1 Al
FIAB—MELLRIZE X, TR PR o« SXFFE A St A 7E 7 19 i 218 7 2
BUAMET N A2 N A8 DUERAE,  TL 2 Y085 1 R G0 A OB 43 HCEds D e 1) i ik
gttt 1 MPT AL S A Y, VA AR E S0l s 2ot X LE . B
AT (implementation) N P4k HOH VA% AR Ak 2 Wi A BE L2 v,

e H B N A7 il OB

X LRI AL R VAT DL, 1 AR S R AN H AR, Fk
T BA B MPI Pt A HE 5 R E S Hbr. Bk, i AR 4%
IE—ANGER AN EES 5r, WIFRE ) MPT 38— AMlE g2 o IX e X, 1%
S8 SCHH TR AU A T8 & KRB 30 53 ()5 o X2 T B n] DL TS B e vk
SCREMS AL FH AT 5w SO H AR IEAS s 180 v SR I A5 R Bk 400
M (dope vector) [ SARRGRITT o IXFP E 20 AR THEAS A& MPI [F355 57
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o 2 [a) 3l A4

o ZAEIEIHTHY MPT HEAE
o JhAT R R FIEAE

@ FLT socket HIHAE
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MPI 7t #2474 U )

o ZREAF A Uy 1) RIVELFS AR I (K047 i 2 1) 24 0 )
o —AMNIEREXS A AN RERE A7 fifs X SR HEAT B )
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[~}
)
)
)

RS AT SO
LRI SO IFAT IS
B

3 B ST AR
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OpenMP 5 MPI 185 H47 4

MPT IFATRERE P E I AT B 04T OpenMP JPAT SF% LU 0147 147
S B RN E AR, TR A AT R R S

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)
printx,'MPI: _My_ID:_', MyID, ',_Number_of_Processes:_', NumNodes
I'$omp parallel

i=omp_get num _ threads()

j=omp_get_thread _num()

printx, 'OMP:_Thread_Number:', j, ',_Number_of_Threads:_', i
!I$omp end parallel

call mpi_ finalize(ierr)

end

S
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MPI #2213

£ MPICH V-5 | (14 1%
o ik C Iy
mpicc -o prog-mpi prog-mpi.c
o %Pk C++ f/F, MPICHL. 2:
mpiCC -o prog-mpi prog-mpi.cpp
o %t C++ f#/¥, MPICH2:
mpicxx -o prog-mpi prog-mpi.cpp
o ik F77 7.
mpif77 -o prog-mpi prog-mpi.f
o %Pk F90 F2)7:
mpif90 -o prog-mpi prog-mpi.fo0
X MPI 5 OpenMP WA G KIFERS,  H SO g 0% fir & el d T IT S
OpenMP [PEEIREP AT, Lhin:
e GCC: -fopenmp
@ Intel: -openmp

o PGI: -mp
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A n DBERRIEAT
e MPICH1. 2:
mpirun -np n prog-mpi
@ MPICH2:
mpiexec -np n prog-mpi

o X MPI 5 OpenMP JRGHAEMFEF AT, HEZE OpenMP
5iAr & 5 H MPI #2)7ia 17 7 s 7 ]

o RZBH ARG RMEN R RS HA ek, I FF I A
FERGOKIBATVEN, THF5E XN VEL I B RS Tt
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S

B fpar/P + (1 - fpar)
Amdahl ZH#, LT P 2T, fpar AFTIFAT IR ERATIN A
(1) T SN TR] PR ¥ 40 B
BB foar = 80%, H4 16 Rl 32 i KIIFEAT R L2 /D2
0 16 #: 4
o 32#%: 4.4

RO g2 AT, Rl AR i
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o FEFPERESHT:
o Intel VTune:
http://software.intel.com/en-us/intel-vtune/
o AMD CodeAnalyst:
http://developer.amd.com/cpu/CodeAnalyst/
o FEFFURBSEE K I3 H -
@ Understand:
http://www.scitools.com/products/understand/
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ARG E

o HEBIHE A AL
o ET: http://scc.ustc.edu.cn
o HiIf: 0551-3602248

o {E4f: sccadmin@ustc.edu.cn
o HHEITEF 0
o HHIEW: http://124.16.151.186
o ¥k 4: http://scc.qibebt.cas.cn

o Fif:
o fH4H:

0532-80662613

scc@qibebt.ac.cn

T: http://staff.ustc.edu.cn/~hmli/
: 0532-80662613

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

XA R R AN SO L

Bl (HRERT
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