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MPI – The Message Passing 

Interface 

•  

• 1992  

• 1994 MPI-1.0  

–  

– 8

 

– 100  

– http://www.mpi-forum.org/ 

• MPI-2.1 2008 9  

– http://phase.hpcc.jp/phase/mpi-j/ml/ 
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– post-send, complete-send 

– post-receive, complete-receive 

• Post-{send,recv}  

• Complete-{send,recv}  
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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(MPI_COMM_WORLD, &rank); 

        MPI_Get_processor_name(name, &len); 

        printf("%03d %s\n", rank, name); 

        MPI_Finalize(); 

        return (0); 

} 



• mpi.h  

• main  

• SPMD (single program, multiple data) 
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– MPI_Reduce(&mysum, &sum, 1, MPI_DOUBLE, 

– MPI_SUM, 0, MPI_COMM_WORLD);  

– MPI_COMM_WORLD  

– MPI_DOUBLE mysum  

– MPI_SUM 0 sum





for (i = 1; i <= n; i++) 







/* 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]; 



        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); 

        } 



        /* 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 - PI25DT)); 
                endwtime = MPI_Wtime(); 

                printf("wall clock time = %f\n", 

                       endwtime - startwtime); 
        } 

        MPI_Finalize(); 
        return (0); 

} 
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MPI_Send( 
  void         *send_data_buffer, //  
  int          count,             //  
  MPI_Datatype data_type,         // (*1) 
  int          destination,       //  
  int          tag,               //  

MPI_Comm     communicator       //  
); 

MPI_Recv( 
  void         *recv_data_buffer, //  
  int          count,             //  
  MPI_Datatype data_type,         // (*1) 
  int          source,            //  
  int          tag,               //  

MPI_Comm     communicator,      //  
MPI_Status   *status            //  

); 



•  
– MPI_INT MPI_DOUBLE … 

– Binary MPI_BYTE byte  

• Source/destination rank
 

– MPI_ANY_SOURCE  

– Send Recv  

– Recv MPI_ANY_TAG
 

• Status
 











/* 

 * 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 PI 3.1415927 
#define NITER 10000 

double u[XSIZE + 2][YSIZE + 2], uu[XSIZE + 2][YSIZE + 2]; 
double time1, time2; 

void lap_solve(MPI_Comm); 

int myid, numprocs; 
int namelen; 

char processor_name[MPI_MAX_PROCESSOR_NAME]; 
int xsize; 

 

uu



void 

initialize() 
{ 

        int x, y; 

        /*  */ 

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

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

        /*  */ 

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

        } 
} 



#define TAG_1 100 

#define TAG_2 101 

#ifndef FALSE 
#define FALSE 0 

#endif 

void lap_solve(MPI_Comm comm) 

{ 
        int x, y, k; 

        double sum; 

        double t_sum; 
        int x_start, x_end; 

        MPI_Request req1, req2; 
        MPI_Status status1, status2; 

        MPI_Comm comm1d; 

        int down, up; 
        int periods[1] = { FALSE }; 



        /* 
         * Create one dimensional cartesian topology with 

         * nonperiodical boundary 
         */ 

        MPI_Cart_create(comm, 1, &numprocs, 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); 

• Comm1d 1  
–  

• up, down  
– MPI_PROC_NULL



        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][y] = u[x][y]; 

                /* 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); 



                /* update */ 
                for (x = x_start; x < x_end; x++) 

                        for (y = 1; y < YSIZE + 1; y++) 
                                u[x][y] = .25 * (uu[x - 1][y] + uu[x + 1][y] + 

                                                 uu[x][y - 1] + uu[x][y + 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] - u[x][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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