CCS HPC seminar 2009

RRKFRTERFEME L 2—
CCS HPCHY—13F—
"MPI

ZEER
tatebe@cs.tsukuba.ac.|p
FIRAFRERES AT LR THHEH
A EREHR 8~

ol



SMERAE ) B it B 5B A =
(PCHSRA) S

o SHHE/—FIFT70yH AT THEBSIN, BEL
S TER

e /—FRRDOAEVIZIEETIEX

o i/ —REIFRYRT—OBEIZLYITHRAHL

e LN\DHPSHPCHUTRA

MHEEEHE




CCS HPC seminar 2009

MPI| — The Message Passing =N
Interface
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SPMD - Single Program, =

Multiple Data
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#include <stdio.h>
#include <mpi.h>

Int
main(int argc, char *argv|])
{
Int rank, len;
char name[MPI _MAX PROCESSOR_ NAME],

MPI_Init(&argc, &argv);

MPI _Comm_rank(MPl_COMM_ WORLD, &rank);
MPI Get processor name(name, &len);
printf("%03d %s\n", rank, name);

MPI_Finalize();

return (0);
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#include <mpi.h>

double A[1000 / N_PE];

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

{

double sum, mysum;

MPI_Init(&argc,&argv);

mysum = 0.0;

for (i=0;i< 1000/ N_PE; i++)
mysum += Ali];

MPI_Reduce(&mysum, &sum, 1, MPI_DOUBLE,
MPI_SUM, 0, MPI_COMM_WORLD);

MPI_Finalize();

return (0);
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MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);

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

x=h *(i-0.5);

sum += f(x);

}

mypi = h * sum;

MPI_Reduce(&mypi, &pi, 1, MPI DOUBLE,
MPI_SUM, 0, MPI_COMM_WORLD);
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MPI_Bcast(

void  *data_buffer, // TA—FX ¥ AFHAEZE/N\VI7ZOTRLR
int count, /] 7A—KFXvXAT—2DE %
MPI_Datatype data_type, [/ 7A—KFXvAFT—2DHI(*1)
int source, /] 7A—Fx ¥R FTAERRDSS
MPI_Comm communicator [/ EZ{EZXT57IL—T

);
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MPI_Reduce(
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[* cpi mpi version */
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <mpi.h>

double
f(double a)

{
}

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

{

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

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[MPlI 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[l]);
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=10/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 - PI25DT));
endwtime = MPI_Wtime();
printf("wall clock time = %f\n",
endwtime - startwtime);
}
MPI_Finalize();
return (0);




CCS HPC seminar 2009

iifi 1) A0 3E

e Laplace 12X D [ZHIEEE
- F TFTEADAFDFEE T, updateLTLKT AT S
N

— OldénewZHELTCERIDEZIE—

—_ 1 ;FUE/de: n éj\'::FTI]

D15l (4) :laplace S5

i

- RRICEREEED




CCS HPC seminar 2009

1T Bl ElsizB{E

7/\ :Ilj: PO [ %
°fﬁ®%$mmm =
'ﬁﬁv—@éhﬁfiﬁffﬁﬂ+%w++ﬁ.

T RIZERE gjlic :

i :r ‘?|?____________




7Ry oR1Ix1E(E

e Send/Receive

MP1_Send(
void
int
MPI1_Datatype
int
int
MP1_Comm

MPI1_Recv(
void
int
MP1_Datatype
int
int
MP1_Comm
MP1_Status

*send_data_buffer,
count,

data_type,
destination,

tag,

communicator

*recv_data_buffer,
count,

data_type,

source,

tag,

communicator,
*status
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int MPI_lIsend( 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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int MPI_Cart_create(MPl_Comm comm_old,
int ndims, int *dims, int *periods, int reorder,
MPI_Comm *comm_cart);

NndimsRITD/\f/N\—Fa1—TDrRATEL
D3 =45 —%Scomm_cartZ{ERK

dimslZZENZENDORITOTOERE
periodsl&dZENZNDRITH B HIFI M ESH

reorder|XETIHD =

=2 =4 —ATrankD B
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e int MPI_Cart_shift(MPI_Comm comm, int
direction, int disp, int *rank_source, int
*rank_dest);

e directionld T3 HRIT
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o dispfZ(FLTRLIEE, ZITHYZEMDN
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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, MPI_DOUBLE, down, TAG_1,
comm, &reql);

/* recv from up */

MPI_Irecv(&uu[x_end][1], YSIZE, MPl_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

% (0&numprocs-1) D7 Aty HIZDULVTIEMPI PROC_ NULLAMERESH

YRR AL IR [ AL
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/*

* Laplace equation with explicit method
*/

#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], Rt R 4B
double timel, time2; uulL = 25 A ER S

void lap_solve(MPI_Comm));

int myid, numprocs;

Int namelen;

char processor_name[MP| MAX PROCESSOR NAME];
Int xsize;




void
initialize()
{

int x, y;

I* FIAFIEZ 5% IE *

for (X = 1; Xx < 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);

I* BREEODT

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[0][y] = uu[XSIZE + 1][y] = 0.0;

CCS HPC seminar 2009
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#define TAG_1 100
#define TAG_2 101

#ifndef FALSE
#define FALSE 0O
#endif

void lap_solve(MPI Comm comm)
{
int X, Yy, K;
double sum;
double t sum;
Int X_start, X_end,
MP| Request reql, req2;
MPI Status statusl, status2;
MPI Comm commld,;
int down, up;
int periods[1] = { FALSE };
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/ *

* Create one dimensional cartesian topology with

* nonperiodical boundary

*/

MPI Cart_create(comm, 1, &numprocs, periods, FALSE, &commld);

[* calculate process ranks for ‘down' and 'up' */
MPI_Cart_shift(commld, 0O, 1, &down, &up);

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

« CommldZz1XITh RO TIER
— IR X B AR TIEELY

« EFTFOTOEREEZuUp, downlZE#F
— IR TIEMPI PROC NULLEZ D
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for (k = 0; k < NITER; k++){ <$\.I‘}
/* old <- new */ .

for (x = x_start; x < x_end; x++)
for (y =1,y < YSIZE + 1; y++)

uulx]ly] = ulx]lyl;

[* recv from down */

MPI Irecv(&uu[x_start - 1][1], YSIZE, MPI DOUBLE,
down, TAG 1, commld, &reql);

[* recv from up */

MPI Irecv(&uu[x_end][1], YSIZE, MPI DOUBLE,
up, TAG 2, commld, &reqg2);

[* 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, commld);

MPI_ Wait(&reql, &statusl);
MPI_Wait(&req2, &status?);
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[* update */
for (x = x_start; x < x_end; x++)
for(y=1;y <YSIZE + 1; y++)
ulx]ly] = .25 * (uu[x - 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][y] - ulx]lyl;
MPI Reduce(&sum, &t _sum, 1, MPI_ DOUBLE, MPI_SUM, 0, comm21d);
if (myid == 0)
printf("sum = %g\n", t_sum);
MPI Comm_free(&commld);




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);
timel = MPI_Wtime();
lap_solve(MPI_ COMM_ WORLD);
MPI_Barrier(MPI_COMM_WORLD);
time2 = MPI_Wtime();
if (myid == 0)
printf("time = %g\n", time2 - timel);
MPI_Finalize();
return (0);
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Open Source MPI @

e OpenMPI

— http://www.open-mpi.org/
e VIPICH2

— http://www-unix.mcs.anl.gov/mpi/mpich2/
e YAMPII

— http://www.il.is.s.u-tokyo.ac.jp/yampii/
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% mpicc ... test.c ...
— MPIEH®@Ia /A IILAIUELH S
- FHT-Impix) 09 H5ERHTES

% mpiexec —n #procs a.out ...
— a.outHhtprocs 7O RATETEINS

- LIRTDAEZRTI[EmpirunWF SN, de factok/Eo> TS, 1R—4
JIILTIEEW

% mpirun —np #procs a.out ...
- BEfTSNSTOCRBEEIL R I7AIVEETIEET S
- HoMLHT—EVTOERENLE LIFALELNHDHIEDE
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