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int MPIL_Init(int *argc, char ***argv)
MPI_INIT(IERROR)

—- MPIETIRIEZFHELT S

— OpenMPETILFRALYRDIGE T
MPI_Init_thread

int MPI_Finalize(void)
MPI FINALIZE(IERROR)

- MPIEEfTIRIZEZ R T I 5
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OS2 =5 —ARTx T BIRE S

int MPI_Comm_size(MPlI_Comm comm, int

*size);

e A2 =/ —HRcommDTAOLERT IL—T DA
M Arsizel IR

int MPI_Comm_rank(MPl_Comm comm, int
*rank);
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#include <stdio.h>
#include <mpi.h>

=
=
=
.‘.'"'
L

int
main(int argc, char *argv[])
{
int rank, len;
char name[MPI_MAX PROCESSOR_NAME];

MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Get_processor_name(name, &len);
printf("%03d %s¥n", rank, name);

MPI_Finalize();

return (0);
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A FIALEE DI (1) :FortranIZ&d A
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program hostname
include ‘mpif.h’

integer rank, len, ierr
character(MPI_MAX PROCESSOR NAME) hostname

call MPIL_INIT (ierr)

call MPI_Comm_rank(MPI_COMM_WORLD, rank, ierr)
call MPl_Get_processor_name(hostname, len, ierr)
write (*,*) rank, hostname

call MPI_Finalize(ierr)

end
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— MPI_Comm_rank(MPI_COMM_WORLD, &rank);
- 232 =4—%4MPI_COMM_WORLDIZx®IL, BSVIZxWE
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— MPI_Get_processor_name(name, &len);

o IXIZIZexitDHIT,. €701V HYT!
MPI_Finalize();
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EMBEE: 70—k FrRE =

int MPI_Bcast(

void  *data_buffer, // 7O—FX ¥ AFHZEZE/N\YIFDFTKLAR
int count, /] 7A—KFXvAT—20OEHK

MPI_Datatype data_type, // 7A—FX¥YRAFT—2DF!I(*1)

int source, /[ 70—FX¥Xbx7atRDS52Y

MPI_Comm communicator [/ EZEETIITIN—T
)

m @ 1 &) |C

source

270t A TRITSNELTRELEL
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int MPI_Reduce(

void
void
int

*partial_result, // &/—FDMEBFERI’IEMASN TS TFLR
*result, /] REHERZ/MTHTFLR
count, /] T—32DEK

MPI_Datatype data_type, // T—3DH(*1)

MPI_Op

int

operator, /[/')Ta—RARL—La>DIRE(*2)
destination, // EiH#EREZ/STOER

MPI_Comm communicator // EZEZTHIITIIN—T

);

partial_result

result

BB

destination

270 A TETINGELTII ALY
ResultZ £ 7Ot RATRITH S5 A (L. MPI_Allreduce
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MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);

h=1.0/n; i=1i<=n:i++
sum = 0.0 /for(l 1;1<=n; i++)
for (i = myid + 1; i <= n; i += numprocs){

x=h *(i-0.5);

sum += f(x);

}

mypi = h * sum;

MPI_Reduce(&mypi, &pi, 1, MP|_DOUBLE,
MPI_SUM, 0, MPI_COMM_WORLD);



CCS:HPC seminar-2020

[* cpi mpi version */
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <mpi.h>

double
f(double a)

{
}

return (4.0/ (1.0 + a * a));

int
main(int argc, char *argv(])
{
int n = 0, myid, numprocs, i;
double PI25DT = 3.141592653589793238462643;
double mypi, pi, h, sum, x;
double startwtime = 0.0, endwtime;
int namelen;
char processor_name[MPI _MAX PROCESSOR NAME];
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MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_ WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myid);
MPI_Get_processor_name(processor_name, &namelen);
fprintf(stderr, "Process %d on %s¥n", myid, processor_name);

if (argc > 1)
n = atoi(argv[1]);
startwtime = MPI_Wtime();
/* broadcast 'n' */
MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);
if (n<=0){
fprintf(stderr, "usage: %s #partition¥n", *argv);
MPI_Abort(MPI_COMM_WORLD, 1);
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/* calculate each part of pi ¥/
h=1.0/n;
sum = 0.0;
for (i = myid + 1; i <= n; i += numprocs){
x=h*(i-0.5)
sum += f(x);
}
mypi = h * sum;
/* sum up each part of pi */
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD);
if (myid == 0) {
printf("pi is approximately %.16f, Error is %.16f¥n",
pi, fabs(pi - P125DT));
endwtime = MPI_Wtime();
printf("wall clock time = %f¥n",
endwtime - startwtime);
}
MPI_Finalize();
return (0);
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— 7O+ RAIFTOERBIZT—42%3%1E (send)
— JO€ABIFX(TAERANDG) T—2%3Z{E (recv)

JOt XA JO+XAB

MPI_Send

MPI_Recv
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e Send/Receive

int MPI_ Send(
void
int
MPI Datatype
int
int
MPI Comm

int MPI Recv (
void
int
MPI Datatype
int
int
MPI Comm
MPI Status

*send data buffer,
count,

data type,
destination,

tag,

communicator

*recv_data buffer,
count,

data_ type,

source,

tag,

communicator,
*status

//
//
//
//
//
//

//
//
//
//
//

=
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BEET—AREBMENTULBAEYDTRLR
EET—2DEHK

EET—IDH (*1)
EEXRTOERDSVY
RET—IDEMNEITI2T
EREETITIL—T.

RET—ADEMINDIAEIDTRFLR
RET—2DEK

RET—FDE! (*1)
EEXTTAERDSY
RET—RADBANETS=HDES.

/! EREETIITIN—T.
// REICETHEREEMHTIEHDOTFLR
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int n, rank, tag = 1;
MPI|_ Status st;

MPI_Comm_rank(MPl_COMM_WORLD, &rank);
if (rank == 0) {
n=1;
MPI_Send(&n, 1, MPI_INT, 1, tag, MPI_COMM_WORLD);
} else if (rank == 1)
MPI_Recv(&n, 1, MPI_INT, 0, tag, MPI_COMM_WORLD, &st);
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« IET7OVHEEIE
— post-send, complete-send
— post-receive, complete-receive

» Post-{send,recv} CiX{E Z{EiR{E & FtA
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e Send/recvEETLTC. B TR TEZF VI T HRIEAE
- BEUENETCITADESIHFELEENEDA—/\NSYTHAEE

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

int MPI_Irecv( void *buf, int count, MPI_Datatype datatype,
int source, int tag, MPI_Comm comm, MPI_Request *request )

- .

int MPI_Wait ( MPI_Request *request, MPI_Status *status)
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D1 (3) : laplace ==
— 0 BEERIE

— *f(—1,0) means f(x — Ax, y)

f(0,-1) + f(=1,0) + f(1,0) + f(0,1) — 4f(0,0) =0

e Laplace FIE X D5 RI#E A

1
f(O O)new -7 (fold (0 _1) + fold (_1:0) + fold(l:o) + fold (0»1))

-k I\/_“|:4:| NDARDFEHT,
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JOvXRAY

int MPI_Cart_create(MPI_Comm comm_old, int
ndims, int *dims, int *periods, int reorder,
MPI_Comm *comm_cart);

e NdimsRITD/NA/N\—F21—T D RATEE
DOZa=4H—%comm cartZ{ERK

o dimslEZENZENDRITDTOERE

o periodsZENENDRITHEEMNESH

e reorderlIFTIBHDAZT =4S —2Trank®D EEE
TERRITHMESH
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int MPI_Cart_shift(MPI_Comm comm, int
direction, int disp, int *rank_source, int
*rank_dest);

e directionld 79 5K IT
— ndimsRIT THAIX0~ndims-1

o dispfZITLTRLIZEE, Z(TERY 5D
rank_source, iX{§5EH rank_destIZiR S

e BEIHAMTIX GG S, IRFZEBADHLE
MPI PROC NULLAMREIN B
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/* calculate process ranks for ‘down’ and ‘up’ */
MPI_Cart_shift(comm, 0, 1, &down, &up);

/* recv from down */

MPI_Irecv(&uu[x_start-1][1], YSIZE, MPl_DOUBLE, down, TAG_1,
comm, &reql);

/* recv from up */

MPI_Irecv(&uu[x_end][1], YSIZE, MPI_DOUBLE, up, TAG_2,
comm, &req2);

/* send to down */

MPI_Send(&u[x_start][1], YSIZE, MPI_DOUBLE, down, TAG_2, comm);
/* send to up */

MPI_Send(&u[x_end-1][1], YSIZE, MPI_DOUBLE, up, TAG_1, comm);

MPI_Wait(&reql, &statusl);
MPI_Wait(&req2, &status2);

S

i (0&numprocs-1)D 7O+t yH 2 DULNTIEZMPI PROC_ NULLAEE S

YRR AR (XA B
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/*
* Laplace equation with explicit method
Y/

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <mpi.h>

/* square region */
#define XSIZE 256
#define YSIZE 256
#define Pl 3.1415927
#define NITER 10000

double u[XSIZE + 2][YSIZE + 2], uu[XSIZE + 2][YSIZE + 2]; | —sesxt&4EiE
double time1, time2; uulX E & AE S

void lap_solve(MPI_Comm);

int myid, numprocs;

int namelen;

char processor_name[MPI_MAX_ PROCESSOR_NAME];
int xsize;
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void
initialize()

{

int x, y;

/* JHEERTE ™/

for (x =1; x < XSIZE + 1; x++)
for(y=1;y <YSIZE + 1; y++)

u[x]ly] = sin((x - 1.0) / XSIZE * PI) +
cos((y - 1.0) / YSIZE * PI);

[ EREEOOUT Y

for (x = 0; x < XSIZE + 2; x++) {
u [X][0] = u [X][YSIZE + 1] = 0.0;
uu[x][0] = uu[x][YSIZE + 1] = 0.0;

}

for(y =0;y <YSIZE + 2; y++) {
u [O][y] = u [XSIZE + 1][y] = 0.0;
uu[O][y] = uu[XSIZE + 1][y] = 0.0;
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#define TAG_1 100
#define TAG_2 101

#ifndef FALSE
#define FALSE O
#endif

void lap_solve(MPl_Comm comm)
{
int x, vy, k;
double sum;
double t sum;
int x_start, x_end;
MPI| Request req1, reg2;
MPI| Status status1, status2;
MPI_Comm comm1d,;
int down, up;
int periods[1] = { FALSE };
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/*

* Create one dimensional cartesian topology with

* nonperiodical boundary

4

MPI_Cart_create(comm, 1, &nhumprocs, periods, FALSE, &comm1d);
/* calculate process ranks for 'down' and 'up' ¥/
MPI_Cart_shift(comm1d, 0, 1, &down, &up);

x_start = 1 + xsize * myid;
x_end =1 + xsize * (myid + 1);

« Comm1dZx1XRITh RO TERL
— IBRIIE I TIEGL

« FTOT7O+REBZuUp, downlZHEE
— IR TIZMPI_PROC NULL&EES
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for (k = 0; k < NITER; k++){
/*old <- new %/
for (x = x_start; x < x_end; x++)
for(y=1;y <YSIZE + 1; y++)
uu[x]ly] = ulx]lyl;

/* recv from down */

MPI_Irecv(&uu[x_start - 1][1], YSIZE, MPI_DOUBLE,
down, TAG_1, comm1d, &req1);

/* recv from up ¥/

MPI_Irecv(&uu[x_end][1], YSIZE, MPI DOUBLE,
up, TAG_2, comm1d, &req2);

/* send to down ¥/

MPI_Send(&u[x_start][1], YSIZE, MPI DOUBLE,
down, TAG_ 2, comm1d);

/*send to up ¥/

MPI_Send(&u[x_end - 1][1], YSIZE, MPI_DOUBLE,
up, TAG_1, comm1d);

MPI_Wait(&req1, &status1);
MPI_Wait(&req2, &status2);
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[* update */
for (x = x_start; x < x_end; x++)
for(y=1;y <YSIZE + 1; y++)
ulx]ly] = .25 * (uulx - 1][y] + uu[x + 1][y] +
} uu[x]ly - 1] + uulx]ly + 1]);
[* check sum */
sum = 0.0;
for (x = x_start; x < x_end; x++)
for(y=1;y <YSIZE + 1; y++)
sum += uu[x]ly] - ulx][y];
MPI_Reduce(&sum, &t _sum, 1, MPI _DOUBLE, MPI_SUM, 0, comm1d);
if (myid == 0)
printf("sum = %g¥n", t_sum);
MPI_Comm_free(&comm1d);




int
main(int argc, char *argv[])

{

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myid);
MPI_Get_processor_name(processor_name, &namelen);
fprintf(stderr, "Process %d on %s¥n", myid, processor_name);

xsize = XSIZE / numprocs;
if (XSIZE % numprocs) = 0)
MPI_Abort(MPI_COMM_WORLD, 1);
initialize();
MPI_Barrier(MPI_COMM_WORLD);
time1 = MPI_Wtime();
lap_solve(MPI_ COMM_ WORLD);
MPI_Barrier(MPI_COMM_WORLD);
time2 = MPI_Wtime();
if (myid == 0)
printf("time = %g¥n", time2 - time1);
MPI_Finalize();
return (0);
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MPIERX LY

MPI InitD{XHYIZMPI Init treadZPE.S

int MPI_Init_thread(int *argc, char ***argv, int
required, int *provided)
MPI_INIT_THREAD(REQUIRED, PROVIDED,
IERROR)

required, provided (I ZE &, FIETLUTZEES
— MPI_THREAD_SINGLE MTARE, S VALK
— MPI_THREAD_FUNNELED  MTHI. MPIIZ A/ LYK
— MPI_THREAD_SERIALIZED ~ MTHI. MPIIZ[E B 7l
— MPI_THREAD_MULTIPLE  MTHI
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MPI THREAD FUNNELED &

TAA—ALYRTZITHAMPIREH L a] gE

#pragma omp parallel

{

#pragma omp master
MPI call
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MPI THREAD SERIALIZED &
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#pragma omp parallel

{

#pragma omp single
MPI call
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Open Source MPI

e OpenMPI

— http://www.open-mpi.org/
e VIPICH

— http://www.mpich.org/
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% mpiexec —n #procs a.out ...
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% mpirun —np #procs a.out ...
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