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•! Parallel  
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•! Concurrent  
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•! OS  
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•!Michael J. Flynn
 

•!  
SISD,  Single Instruction Single Data Stream  

•!  
SIMD,  Single Instruction Multiple Data Stream  

•!  
MISD,  Multiple Instruction Single Data Stream  

•!  
MIMD,  Multiple Instruction Multiple Data Stream  
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A)!  
1.!  

SMP:  
Symmetric Multiprocessor, 
UMA: Uniform Memory Access  
 

2.!  
DSM: 

Distributed Shared Memory  
 

 
ccNUMA  

Cache Coherent Non-Uniform 
Memory Access  
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•! MIMD 
•! SIMD  

•!  
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•! MIMD  
1.! SPMD Single Program Multiple Data  

•!  
 

•!MPI  
 
 
 

 
2.! Master / Worker Master / Slave  

•! Master Worker
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•!  
•! MPI Message Passing Interface  
•! HPF High Performance Fortran  

•! Fortran  
•!  

•!  
•! P hread (POSIX ) 
•! Solaris Thread (Sun Solaris OS ) 
•!NT thread (Windows NT Windows95 ) 

•! Fork Join  
•! Java  

•!

•!OpenMP 
•!  
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•! 1994 5  1.0 MPI-1  
•! 1995 6  1.1  
•! 1997 7  1.2 2.0 MPI-2  
•! 2008 5  1.3  2008 6  2.1  
•! 2009 9  2.2  

•!  http://www.pccluster.org/ja/mpi.html 

•!MPI-2  
•! I/O 
•! C++ Fortran 90  
•! /  

•!
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MPI MPI-3.1
•!MPI-3.0 2012 9  
•!MPI-3.1 2015 6  
•!

•! http://mpi-forum.org/docs/docs.html 
•! http://meetings.mpi-forum.org 
•! http://meetings.mpi-forum.org/mpi31-impl-status-Nov15.pdf  

•!  
•!  

MPI_IALLREDUCE  
•! RMA Remote Memory 

Access)  
•!Fortran2008  
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MPI MPI-4.0
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•!http://meetings.mpi-forum.org/
MPI_4.0_main_page.php 
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•!  
•!MPI Fault Tolerance, 

FT  
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•!Active Messages ( ) 
•!  
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•!Stream Messaging 
•!  
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•! 
•!MVAPICH ( ) 

•! MPICH  
•! InfiniBand  

•!OpenMPI 
•!  

•! MPI 
•!  

: FX10 MPI: Open-MPI  
      Intel MPI: MPICH MVAPICH

•! :
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•!MPI  
1.! ID ID 
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•!MPI_COMM_WORLD
 

•!  
 

•! numprocs –
 

•! MPI_COMM_WORLD  

•! MPI_Comm_split  
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•! MPI

PE Processer Elements  
•! PE  

•! Rank  
•! MPI  
•! MPI MPI_Comm_rank

myid PE  
•! MPI MPI_Comm_size

 
numprocs   
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C  
Fortran
•! ierr  
     ierr = MPI_Xxxx(!.); 
•!Fortran ierr  
  call MPI_XXXX(!., ierr) 

•!  
•!  
MPI_Status  istatus; 

•!Fortran  
integer  istatus(MPI_STATUS_SIZE) 
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C  
Fortran
•! MPI  

•! C  
MPI_CHAR ( ) MPI_INT ( )
MPI_FLOAT ( ) MPI_DOUBLE(

) 
•! Fortran  
MPI_CHARACTER ( ) MPI_INTEGER (

) MPI_REAL ( )
MPI_DOUBLE_PRECISION( ) 
MPI_COMPLEX( ) 

•!  
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MPI $MPI_Recv 1/2
•! ierr =  MPI_Recv(recvbuf,  icount,  idatatype,  isource,  

itag,  icomm,  istatus); 
 
•! recvbuf :  
•! icount :  
•! idatatype :  

•! MPI_CHAR ( ) MPI_INT ( )  
MPI_FLOAT ( ) MPI_DOUBLE( ) 

•! isource : PE  
 

•! PE MPI_ANY_SOURCE  
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MPI $MPI_Recv 2/2
•! itag :   

•! MPI_ANY_TAG  
•! icomm :  PE  

 
•! MPI_COMM_WORLD  

•!  istatus :  MPI_Status  
 

•! MPI_STATUS_SIZE  
•! istatus[MPI_SOURCE]  

istatus[MPI_TAG]   
•! C MPI_Status istatus; 
•! Fortran integer istatus(MPI_STATUS_SIZE) 

•!  ierr( ) :  
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MPI $MPI_Send
•! ierr = MPI_Send(sendbuf,  icount,  idatatype,  idest,   

    itag,  icomm);  
  

•! sendbuf :  
•! icount :  
•! idatatype :  
•! idest : PE icomm  
•! itag :  
•! icomm :  

 
•! ierr ( ) :  
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Send Recv
MPI [ ]

PE0 PE PE PE

MPI_Send

MPI_Recv
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MPI $MPI_Bcast
•! ierr = MPI_Bcast(sendbuf,  icount,  idatatype,   

     iroot,  icomm);  
  

•! sendbuf :  
•! icount :  
•! idatatype :  
•! iroot : PE  

PE  
•! icomm : PE  

 
•! ierr ( ) :  
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MPI_Bcast
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PE0 PE PE PE

iroot
MPI_Bcast() MPI_Bcast() MPI_Bcast() MPI_Bcast()

PE  
!!
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1.! PE  
•!  
•!  

2.! PE  
3.!  
4.! PE  
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PE=0 

PE=1 

PE=2 
PE=3 

•! )  
•!(Block, *)

•!( )  
•!(Cyclic, *)

•!( )  
•!(Cyclic(2), *)

N/4

N/4
N/4
N/4

N
1

2
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•!  

•! #  

•!  
•! # PE  
•! O( )  

 
O( )  

 
•! O(N/P) 
•!  

MPI [ ]

yxaz +=

#

2016/7/7,8



•!  
•!  

MPI [ ] 69 

 
C

Fortran
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PEMPI_Allgather
PE

PE=0 
PE=1 

PE=2 
PE=3 

PE=0 
PE=1 

PE=2 
PE=3 

=

PE -  

=

MPI_Reduce  
PE

+ + +
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MPI_Reduce  MPI_Allgather
PE

PE=0 
PE=1 

PE=2 
PE=3 

PE=0 
PE=1 

PE=2 
PE=3 

=

PE -  

=

MPI_Reduce  
PE

+ + +

= + + +
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•!  

•!

•!
•! collective communication 
operation

•!  
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•! PE
•!MPI_Reduce  

•! PE

 
 
 

•!MPI_Allreduce  
•! PE
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PE0 PE0 PE0

PE1 PE2
 PE0

PE0

PE1 PE2

PE0

PE1 PE2
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MPI $MPI_Reduce
•! ierr = MPI_Reduce(sendbuf,  recvbuf,  icount,  

    idatatype,  iop,  iroot,  icomm); 
•! sendbuf :  
•! recvbuf :  iroot PE

 
     

•! icount :  
•! idatatype :   

•! Fortran
MPI_2INTEGER( ) MPI_2REAL 

 ( ) MPI_2DOUBLE_PRECISION( )  
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MPI $MPI_Reduce
•! iop :  

•!MPI_SUM ( ) MPI_PROD ( ) MPI_MAX (
) MPI_MIN ( ) MPI_MAXLOC (
) MPI_MINLOC ( ) 

•! iroot : PE icomm 
icomm PE

•! icomm : PE

•! ierr :  
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MPI_Reduce

MPI [ ]

PE0 PE PE PE

iroot

iop

MPI_Reduce() MPI_Reduce() MPI_Reduce() MPI_Reduce()
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MPI_Reduce  
MPI_2DOUBLE_PRECISION MPI_MAXLOC

MPI [ ]

PE0 PE PE PE

iroot
3.1

MPI_MAXLOC

2.0
4.1
5.0

5.9
9.0

2.6
13.0

5.9
9.0

LU

MPI_Reduce() MPI_Reduce() MPI_Reduce() MPI_Reduce()
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MPI $MPI_Allreduce
•! ierr = MPI_Allreduce(sendbuf,  recvbuf,  icount,  

    idatatype,  iop,  icomm); 
•! sendbuf :  
•! recvbuf :  iroot PE

 
     

•! icount :  
•! idatatype :   

•! MPI_2INT( )
MPI_2FLOAT ( )  
MPI_2DOUBLE( )  
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MPI $MPI_Allreduce
•! iop :  

•!MPI_SUM ( ) MPI_PROD ( )
MPI_MAX ( ) MPI_MIN ( )
MPI_MAXLOC ( ) MPI_MINLOC 
( ) 

•! icomm : PE

•! ierr :  
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MPI_Allreduce
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PE0 PE PE PE

iop

MPI_Allreduce() MPI_Allreduce() MPI_Allreduce() MPI_Allreduce()
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•!
•!

•!
•!MPI_Allreduce MPI_Reduce 

•!MPI_Allreduce 
•! MPI_Reduce 
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•! Block,
•! MPI  

•! MPI_Gather  
 
 
 

 
•! MPI_Scatter  
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A
A TA

a
bc

a b c

a b ca bbbb ca bbb a
bc

 
PE  

PE
 

   MPI_GatherV  
   MPI_ScatterV  
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MPI $MPI_Gather
•! ierr = MPI_Gather (sendbuf,  isendcount,  isendtype, 

            recvbuf,  irecvcount,  irecvtype,  iroot,  icomm); 
•! sendbuf :  
•! isendcount:  
•! isendtype :  
•! recvbuf :  iroot PE

 
•!

•! irecvcount:   
•! PE  
•! MPI_Gather PE  
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MPI $MPI_Gather
 

•! irecvtype :  

•! iroot : PE  
icomm  

•! icomm PE  

•! icomm : PE  

•! ierr :  
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MPI_Gather
MPI [ ]

PE0 PE PE PE

iroot
BA C D

A
B
C
D

MPI_Gather() MPI_Gather() MPI_Gather() MPI_Gather()
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MPI $MPI_Scatter
•! ierr = MPI_Scatter ( sendbuf,  isendcount,  isendtype,   

       recvbuf,  irecvcount,  irecvtype,  iroot,  icomm); 
•! sendbuf :  
•! isendcount:   

•! PE  
•! MPI_Scatter PE

•! isendtype :   
iroot PE

•! recvbuf :   
•!

•! irecvcount:   

MPI [ ]2016/7/7,8



MPI $MPI_Scatter
 

•! irecvtype :  

•! iroot : PE  
icomm  

•! icomm PE  

•! icomm : PE  

•! ierr :  

MPI [ ]2016/7/7,8



MPI_Scatter
MPI [ ]

PE0 PE PE PE

iroot
A
B
C
D

C DBA

MPI_Scatter() MPI_Scatter() MPI_Scatter() MPI_Scatter()
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MPI_Scatter

MPI [ ]

PE0 PE PE PE

iroot
A
B
C
D

C DBA

MPI_Scatter() MPI_Scatter() MPI_Scatter() MPI_Scatter()
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1.! MPI P.
2.! MPI  

 
http://accc.riken.jp/HPC/training/text.html  

3.! Message Passing Interface Forum 
http://www.mpi-forum.org/  

4.! MPI-J  
http://phase.hpcc.jp/phase/mpi-j/ml/  

5.!  
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MPI
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•! Hello/ 
•! Hello  
•! hello-pure.bash,  hello-hy16.bash : PJM  

•! Cpi/ 
•!  
•! cpi-pure.bash  PJM  

•! Wa1/ 
•!  
•! wa1-pure.bash  PJM  

•! Wa2/ 
•!  
•! wa2-pure.bash  PJM  

•! Cpi_m/ 
•!  
•! cpi_m-pure.bash  PJM  

MPI [ ]2016/7/7,8



•!  
 

•!  
1.! 0  
2.!  

1.! ; 
2.! ; 
3.! 191 2 ; 
4.! ; 

•!  
•! myid- ID  
•! myid+ ID  

•! myid=0  
•! myid=p-  

MPI [ ]2016/7/7,8



 
MPI [ ]

CPU0 CPU CPU CPU

2016/7/7,8



 
C

MPI [ ]

void main(int argc, char* argv[]) { 
  MPI_Status istatus; 
!. 
  dsendbuf = myid; 
  drecvbuf = 0.0; 
  if (myid != 0) { 
     ierr = MPI_Recv(&drecvbuf, 1, MPI_DOUBLE, myid-1, 0, 
                 MPI_COMM_WORLD, &istatus); 
  } 
  dsendbuf = dsendbuf + drecvbuf; 
  if (myid != nprocs-1) { 
    ierr = MPI_Send(&dsendbuf, 1, MPI_DOUBLE, myid+1, 0,  
                MPI_COMM_WORLD); 
  } 
  if (myid == nprocs-1) printf ("Total = %4.2lf \n", dsendbuf); 
!. 
} 

 
ID myid-1
double

drecvbuf

 
ID myid+1
dsendbuf

double

2016/7/7,8



 
Fortran

MPI [ ]

       program main 
       integer  istatus(MPI_STATUS_SIZE) 
       !. 
       dsendbuf = myid 
       drecvbuf = 0.0 
       if (myid .ne. 0) then 
         call MPI_RECV(drecvbuf, 1, MPI_DOUBLE_PRECISION, 
   &  myid-1, 0, MPI_COMM_WORLD, istatus, ierr) 
       endif 
       dsendbuf = dsendbuf + drecvbuf 
       if (myid .ne. numprocs-1) then 
         call MPI_SEND(dsendbuf, 1, MPI_DOUBLE_PRECISION,  
   &          myid+1, 0, MPI_COMM_WORLD, ierr) 
       endif 
      if (myid .eq. numprocs-1) then 
         print *, "Total = ", dsendbuf 
       endif 
       !. 
       stop 
       end 

 
ID myid-1
double

drecvbuf

 
ID myid+1
dsendbuf  

double

2016/7/7,8



•!  
1.! k = ; 
2.! for (i=0;  i < log2(nprocs);  i++)  
3.! if ( (myid & k)  == k)   

•! (myid – k)  
•!  
•! k = k * 2; 

4.! else  
•! (myid + k)  
•!  

MPI [ ]2016/7/7,8



MPI [ ]

0 1 2 3 4 5 6 71  

1 3 5 7 

3 7og2  

0 1 2 3 4 5 6 7

1 3 5 7

3 7

7

2016/7/7,8



•!  
•!  
•! i  

myid & k   k   
•! k = 2^(i- )  
•! i  

 
•!  

myid + k 
•! (i- )  

•!  
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•!  
•! nprocs  

•!  
•!  

•!  
 

•!  
•! log2(nprocs)  

•!  
•!  

 
•!  
•!
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•!Oakleaf-FX/Oakbridge-FX 
•!  
•!  
•! [FX10 ]  

•!Reedbush-U 
•! Intel VTune Amplifier 
•! Web =>  

2016/7/7,8 MPI [ ]



1.!  
•! Wa1  

2.!  
•! Wa2  

3.!  
•! Cpi_m  

4.!  
5.! Hello  

•! MPI_Send 0  
Hello World!!  

•! MPI_Recv  

MPI [ ]2016/7/7,8



MPI
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1.! -  
2.! -  
3.!  
4.!  

MPI [ ]2016/7/7,8



•!  
•!  
•!  

•!  
•!  
•!  
•!  
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-
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•! C = A B

•!
•!
•!

1.!
2.!  

 
3.!
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!!  
 for (i=0; i<n;  i++)  
   for (j=0; j<n; j++)  
      for (k=0; k<n; k++)  
         C[i][j] += A[i][k] *B[k][j]; 
 

2016/7/7,8 MPI [ ]

C A B
i

j

i

k

k

j



•!

 

1.!  
•! -

2.!  
•!  
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n

k
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•!
•!

for(i=0;  i<n;  i++)  { 
   for(j=0;  j<n;  j++)  { 
      for(k=0; k<n; k++)  { 
           c[ i ][ j ] = c[ i ][ j ] + a[ i ][ k ] * b[ k][ j ]; 
      } 
   } 
} 
 

•!  
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Fortran
•!

•!
do i=1,  n 
   do j=1,  n 
      do k=1,  n 
           c( i ,  j ) = c( i,  j) + a( i , k ) * b( k ,  j ) 
      enddo 
   enddo 
enddo 
 

•!  
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•!  

1.! (inner-product form) 
 

2.! (outer-product form) 
 

3.! (middle-product form) 
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•! (inner-product form
•! ijk,  jik
•! for (i=0;  i<n;  i++) { 

   for (j=0;  j<n;  j++) { 
       dc = 0.0; 
       for (k=0;  k<n;  k++){ 
          dc = dc + A[ i ][ k ] * B[ k ][ j ]; 
       } 
       C[ i ][ j ]= dc; 
    }  

    } 

2016/7/7,8 MPI [ ] 114 

A B 

!. 

%

 
    A, B

 
ijk



Fortran
•! (inner-product form

•! ijk,  jik
•! do i=1,  n 

   do j=1, n 
       dc = 0.0d0 
       do k=1, n 
          dc = dc + A( i , k ) * B( k , j ) 
       enddo 
       C( i , j ) = dc 
    enddo 

    enddo 
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A B 

!. 

%

 
    A, B

 
ijk



•! (outer-product form
•! kij, kji
•! for (i=0;  i<n;  i++) { 

   for (j=0;  j<n;  j++) { 
       C[ i ][ j ] = 0.0;   
   }  
} 
for (k=0;  k<n;  k++) { 
  for (j=0;  j<n;  j++) { 
     db = B[ k ][ j ]; 

         for (i=0;  i<n;  i++) { 
      C[ i ][ j ]= C[ i ][ j ]+ A[ i ][ k ]* db; 
     } 
  } 
} 
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A B 

%kji

!. 



Fortran
•! (outer-product form

•! kij, kji
•! do i=1,  n 

   do j=1,  n 
       C( i , j ) = 0.0d0  
   enddo 
enddo 
do k=1,  n 
  do j=1,  n 
     db = B( k ,  j ) 

         do i=1,  n 
        C( i , j ) = C( i , j )+ A( i , k ) * db 
      enddo 
  enddo 
enddo 
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A B 

%kji

!. 



C
•! (middle-product form

•! ikj, jki
•! for (j=0;  j<n;  j++)  { 

   for (i=0;  i<n;  i++) { 
      C[ i ][ j ] = 0.0;  
   } 
   for (k=0;  k<n;  k++) { 
     db = B[ k ][ j ]; 
     for (i=0;  i<n;  i++) { 
      C[ i ][ j ] = C[ i ][ j ] + A[ i ][ k ] * db; 
    } 

     } 
  } 
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A B 

%jki

. 

. 



Fortran
•! (middle-product form

•! ikj, jki
•! do j=1,  n 

   do i=1,  n 
      C( i , j ) = 0.0d0 
   enddo 
   do k=1,  n 
     db = B( k ,  j ) 
     do i=1,  n 
        C( i , j ) = C( i , j ) + A( i , k ) * db 
     enddo 

      enddo 
   enddo 
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A B 

%jki

. 

. 



•!  

•!

2016/7/7,8 MPI [ ]

!
=

=
n

k
kjikij BAC

1

~~~ n
pn /

pn /

=ijC
~

1
~
iA
! 

piA
~ jB1

~
! 

jpB~



•!
1.!  
2.!

•!

1.!  
•! A B

Cannon
2.!  

•! A B
Fox
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!
•! FX10 Reedbush
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•!#define  N      1000  
 

 
•!#define  DEBUG  0 
   -

 
•!MyMatMat  

•! N"N
"  

MPI [ ]2016/7/7,8



Fortran

•!
 

mat-mat.inc 
•!   
integer  NN 
parameter (NN=1000) 
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•!MyMatMat  
•!#define  N      MPI  
•!#define  DEBUG  1 

 
•!  

"  
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•!
-

 
 
•!  
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•!  
 
 
 
 
 
 
 
 
 

•!  
•! -
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PE0

PE2

PE

PE3

PE0PE

/4

N

PE0

PE2

PE

PE3

/4

N

PE2PE3

  



MPI

•!SPMD 
•! mat-mat  

•!  
•!  

  
•!  

•!  
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MPI
•!  
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mat-mat mat-mat mat-mat mat-mat

mpirun  mat-mat



•!  
•!  

 
 
 
 

•!myid MPI_Init()  

MPI

2016/7/7,8 MPI [ ]

N N N N N N N N

myid = 0 myid = myid = 2 myid = 3



PE
•!  
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PE0

/4

N

PE

N

PE2

N

PE3

N

PE0 PE PE PE



TIPS
•!myid,  numprocs  

•!myid (= ) numprocs(=
) MyMatVec

 
•!myid, numprocs 

 
•!MyMatMat myid 
numprocs
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-

•!SIMD  

2016/7/7,8 MPI [ ]

for ( j=0;  j<n; j++)  
   { ( j, i ) }

PE0

for ( j=0;  j<n/4;  j++)  { ( j, i ) }

PE

for ( j=n/4;  j<(n/4)*2; j++) { ( j, i ) }

PE2

for ( j=(n/4)*2;  j<(n/4)*3; j++) { ( j, i ) }

PE3

for ( j=(n/4)*3;  j<n; j++) { ( j, i ) }

 
 

n

n



- Fortran

•!SIMD  

2016/7/7,8 MPI [ ]

do j=1, n  
    ( j, i ) 
enddo

PE0

do  j=1, n/4 
    ( j, i ) 
enddo

PE

do j=n/4+1, (n/4)*2 
    ( j, i ) 
enddo

PE2

do j=(n/4)*2+1, (n/4)*3 
    ( j, i ) 
enddo

PE3

do  j=(n/4)*3+1,  n 
    ( j, i )  
enddo

 
 

n

n



1.! PE A N"N N
 

2.! PE  
 

•!  
n numprocs  

ib = n / numprocs; 
for ( j=myid*ib;  j<(myid+ )*ib;  j++)  { ! } 

3.! PE  
 

•!  
 for ( j=0;  j<ib;  j++)  { ! } 
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Fortran
1.! PE A N"N N

 
2.! PE  

 
•!  

n numprocs  
ib = n / numprocs 
do j=myid*ib+ ,  (myid+ )*ib   !.   enddo 

3.! PE  
 

•!  
 do  j= ,  ib  !.  enddo 

2016/7/7,8 MPI [ ]



•!  
2  

 
 
 
 

•!for (i=i_start;  i<i_end;  i++) { 
    ! 
    ! 
} 

MPI [ ]2016/7/7,8



MPI ( ) 
( )
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1.! -  
 

2.!  
3.!  
4.!  

MPI [ ]2016/7/7,8



 
-
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!
•! FX10 Reedbush
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•!#define  N      384  
•!  

•!#define  DEBUG   
•! -

 
•!MyMatMat  

•! N/NPROCS "N  
N" N/NPROCS  

N/NPROCS)"  
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Fortran

•!
 

mat-mat-d.inc 
•!   
integer  NN 
parameter (NN=384) 

MPI [ ]2016/7/7,8



2
•!MyMatMat  

•!  
#define  N   MPI  

 
 

•!  
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•!  
4PE  

 
 
 
 
 
 
 
 

•!  
•!  

2016/7/7,8 MPI [ ]

PE0

PE2

PE

PE3

PE
0

/ 
NPROCS

N

PE0

PE2

PE

PE3

/ 
NPROCS

N

PE PE
2

PE
3

/NPROCS

N



MPI [ ]

PE0

PE2

PE

PE3

N / 
NPROCS

N

PE0

PE2

PE

PE3

PE
0

N / 
NPROCS

N

PE PE
2

PE
3

N / NPROCS

N

!! 4PE  
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•!  
•!  

 
 
 
 
 
 

 
 

•! PE -  
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[i][j] B[i][j]
C[i][j]

0 N-1
0

N/NPROCS-1

j

i

0

N-1

j

0
N/NPROCS-1

i

0

N/NPROCS-1
i

0
j

N-1



Fortran
•!  
•!  

 
 
 
 
 
 
 

•! PE -  
 

2016/7/7,8 MPI [ ]

( i,  j ) B 
( i,  j )

C( i,  j )

1 N
1

N/NPROCS

j

i

1

N

j

1
N/NPROCS

i

1

N/NPROCS
i

1
j

N



•! PE B
B  

•!  
•!  
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PE0

PE2

PE

PE3

PE
0

PE0

PE2

PE

PE3

PE PE
2

PE
3

 
-

 



•!  
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PE0

PE2

PE

PE3

PE
0

PE0

PE2

PE

PE3

PE PE
2

PE
3

 
 

 

PE
3

PE
0

PE PE
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•! 3 
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PE0

PE2

PE

PE3

PE
3

PE
0

PE PE
2

 
 

 

PE
2

PE
3

PE
0

PE

 
-

PE0

PE2

PE

PE3



•! MPI_Send  
 
 

•! MPI_Send  
•!  
•!  

•!  
•!  

•! MPI_Send(); 
•! MPI_Recv(); 

•!  
•! MPI_Recv(); 
•! MPI_Send(); 
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•!  
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PE
3

PE
0

PE PE
2
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MPI $MPI_Recv (1/2)
•! ierr =  MPI_Recv(recvbuf,  icount,  idatatype,  isource,  

itag,  icomm,  istatus); 
 
•! recvbuf :  
•! icount :  
•! idatatype :  

•! MPI_CHAR ( ) MPI_INT ( )  
MPI_FLOAT ( ) MPI_DOUBLE( ) 

•! isource : PE  
 

•! PE MPI_ANY_SOURCE  

2016/7/7,8 MPI [ ]



MPI $MPI_Recv (2/2)
•! itag :   

•! MPI_ANY_TAG  
 

•! icomm :  PE  
 

•! MPI_COMM_WORLD  
•!  istatus :  MPI_Status

 
•! MPI_STATUS_SIZE  
•! istatus[MPI_SOURCE]  

istatus[MPI_TAG]   
•!  ierr( ) :  

2016/7/7,8 MPI [ ]



•! (itag)  
•!MPI_Send(), MPI_Recv() itag

int  
•! 0

 
•! MPI_Send() MPI_Recv()

 
•! iloop

iloop+NPROCS
 

MPI [ ]2016/7/7,8
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1.! -  
2.! B[][]

B_T[][]  
3.! B_T[][] -

B[][]  
4.! -  

*myid
N

0  
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•!  
 
 
 
 
 

2016/7/7,8 MPI [ ]

ib = n/numprocs; 
for (iloop=0;  iloop<NPROCS;  iloop++ )  { 
     - C = A * B;  

if (iloop != (numprocs-1) ) { 
       if (myid % 2 == 0 ) { 
           MPI_Send(B, ib*n, MPI_DOUBLE, isendPE, 
                  iloop, MPI_COMM_WORLD); 
           MPI_Recv(B_T, ib*n, MPI_DOUBLE, irecvPE, 
                  iloop+numprocs, MPI_COMM_WORLD, &istatus); 
       } else { 
           MPI_Recv(B_T, ib*n, MPI_DOUBLE, irecvPE, 
                  iloop, MPI_COMM_WORLD, &istatus); 
           MPI_Send(B, ib*n, MPI_DOUBLE, isendPE, 
                  iloop+numprocs, MPI_COMM_WORLD); 
       } 

B[ ][ ] B_T[ ][ ]  
     } 
  }



•! -  
 
 
 
 
 

2016/7/7,8 MPI [ ]

jstart=ib*( (myid+iloop)%NPROCS ); 
for (i=0;  i<ib;  i++) { 
   for(j=0;  j<ib;  j++) { 
       for(k=0;  k<n;  k++) { 
          C[ i ][ jstart + j ] += A[ i ][ k ] * B[ k ][ j ]; 
        } 
     } 
 }



Fortran
•!  
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ib = n/numprocs 
do iloop=0,  NPROCS-1 
     - C = A * B 

if (iloop .ne. (numprocs-1) ) then 
       if (mod(myid, 2)  .eq. 0 ) then 
           call MPI_SEND(B, ib*n, MPI_DOUBLE_PRECISION,  isendPE, 
&                  iloop, MPI_COMM_WORLD,  ierr) 
           call MPI_RECV(B_T,  ib*n,  MPI_DOUBLE_PRECISION,  irecvPE, 
&                  iloop+numprocs, MPI_COMM_WORLD,  istatus,  ierr) 
       else  
           call MPI_RECV(B_T,  ib*n,  MPI_DOUBLE_PRECISION,  irecvPE, 
&                  iloop,  MPI_COMM_WORLD,  istatus,  ierr) 
           call MPI_SEND(B,  ib*n,  MPI_DOUBLE_PRECISION,  isendPE, 
&                  iloop+numprocs,  MPI_COMM_WORLD,  ierr) 
       endif 

B B_T  
     endif 
  enddo



Fortran
•! -  
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imod = mod( (myid+iloop), NPROCS )  
jstart = ib* imod 
do i=1, ib 
   do j=1, ib 
       do k=1, n 
          C( i , jstart + j ) = C( i , jstart + j ) +  A( i , k ) * B( k , j ) 
        enddo 
     enddo 
 enddo
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Cannon
•!

•!

•!PE 2  
•! PE A B C  

•! A B
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)0,0(P

)1,0( !pP

! 

)0,1( !pP
! 

)1,1( !! ppP



•!  
•!  
•! MPI_Send MPI_Recv  
•!  

•!  
•!

 
•! MPI_Bcast  
•!  
•!  
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Cannon
•!

•!

 

•!
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A B

A B

 

 
-

 
-



Cannon
•!

•!
•!
•! PE  

•!

2016/7/7,8 MPI [ ] 169 



Fox
•!

•!

 

•!
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A B

A B
PE  

 



Fox

•!
•!
•! PE

•!
Cannon
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•!
1.!

A B C Block
2.!

B PE
•! B

•!
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a
bc

a b c

! 

a
bc

a b c



•!
•! B

•! B
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SUMMA PUMMA 
•!
1.! SUMMA Scalable Universal Matrix

Multiplication Algorithm  
"! R.Van de Geijin 1997  
"!

2.! PUMMA Parallel Universal Matrix
Multiplication Algorithms  

"! Choi 1994  
"!  

Fox
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SUMMA 
•!

•!

 
 

•!
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A B

A B



SUMMA 
•!

•! MPI_Bcast

•!SUMMA
MPI_Isend

•!
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A B A B

!

 



PUMMA 
•!

•!  
Fox

•!ScaLAPACK

•!
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A A
PE

PE



Strassen
•!
•!Strassen
•!  

•!

•!
•!  
•!
•!

2016/7/7,8 MPI [ ] 178 

3n 3)1( !n
7logn



Strassen
•!

•!
 

•!  
•!PE Strassen PE
SUMMA  

•!

Strassen
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PUTTY
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/

4.!  
$ cat  id_rsa.pub 
  
 

5.! “ssh-rsa !”  
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PuTTY  
2007/06/03 Version 0.60-jp20070603 

•!  
http://hp.vector.co.jp/authors/VA024651/
PuTTYkj.html 

•!putty-0.60-jp20070603.zip  
zip  
•! Zip  

Lhaplus 
http://www.vector.co.jp/soft/win95/util/
se169348.html 

2016/7/7,8 MPI [ ]



 
2007/06/03 Version 0.60-jp20070603 

•!PuTTY puttygen.exe 
 

•! Generate  
•!  

•!  
 

•! “Key passphrase”
 

•!  
 

•! “Save private key”  
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2007/06/03 Version 0.60-jp20070603 
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FX10
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FX10  
2007/06/03 Version 0.60-jp20070603 

•! “puttyjp.exe”  
•! IP N  

•!oakleaf-fx.cc.u-tokyo.ac.jp 

•! SSH  

 
•!  
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FX10  
2007/06/03 Version 0.60-jp20070603 

•! FX10  
 

•!  
•! login as:  

 
•!Authenticating with public key ”rsa-key-20080820“ 

Passphrase for key ”rsa-key-20080820“  

 
 

•!
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oakleaf-fx.cc.u-tokyo.ac.jp

FX10       
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2007/06/03 Version 0.60-jp20070603

MPI [ ]

 

 

2016/7/7,8



FX10  
2007/06/03 Version 0.60-jp20070603 

•!  
FX10  

 
 

•!  
•!  

•!  
 

•!  
•!  
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FX10 SSH
"!  

$ ssh oakleaf-fx.cc.u-tokyo.ac.jp -l  tYYxxx 
-l  
tYYxxx  

tYYxxx  
"! yes  
"!  

 
 

"!  

MPI [ ]2016/7/7,8



WinSCP
•!  

http://winscp.net/eng/download.php 
•!  
•!  

 
•!  

•! oakleaf-fx.cc.u-tokyo.ac.jp 
•!  
•!  
•! SCP  

•!  
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TeraTerm Pro  
Putty

•! UTF-8 TeraTerm Pro with TTSSH2 
 

 http://sourceforge.jp/projects/ttssh2/ 
1.! UTF-8 TeraTerm Pro with TTSSH2  

 
2.! 4.56 teraterm_utf8-4.56.exe  
3.! !

 
4.!

 
5.!

MPI [ ]

putty ppk  
ssh-keygen
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TeraTerm Pro  

•!TeraTerm Pro
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