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What is MPI?
● Message Passing Interface
● A standard, not a product

● First published 1994, MPI-2 published 1997
● De facto standard for distributed-memory 

parallel programming
● Many implementations:

● Open MPI – MPICH – LAM-MPI –  
– MVAPICH – others – 

● Fortran, C and C++ bindings in standard
● Python, Ocaml, .NET & others exist 



  

Hello, Parallel World!
#include "mpi.h"
#include <stdio.h>

int main( int argc, char *argv[] )
{
    MPI_Init( &argc, &argv );
    printf( "Hello, Parallel World!\n" );
    MPI_Finalize();
    return 0;
}
...but MPI does not guarantee that each process 
can write to stdout!

hello_mpi.c



  

Building and Running
(with Open MPI at ACEnet)

$ which mpicc
/usr/local/openmpi/bin/mpicc
$ mpicc hello_mpi.c -o hello
$ mpirun -np 2 hello
Hello, Parallel World!
Hello, Parallel World!
$ 

Integration between Open MPI and Sun Grid Engine means 
“-np 2” is unneeded inside a job script.  Process count is set by 
parallel environment “qsub -pe ompi 2 ...”

hello_mpi.c



  

Concepts

● Single-program, multiple-data (SPMD)
● MPMD also supported but rarely used

● Point-to-point communications
● MPI_Send, MPI_Recv

● Collective communications
● MPI_Reduce, MPI_Bcast, MPI_Scatter...

● “Communicators”
● MPI_COMM_WORLD

● Parallel I/O



  

Process rank and count
  program myrank
  implicit none
  include 'mpif.h'
  integer iError,myRank,nProcs

  call MPI_Init(iError)
  call MPI_Comm_Rank(MPI_COMM_WORLD,myRank,iError)
  call MPI_Comm_Size(MPI_COMM_WORLD,nProcs,iError)
  write(*,*) 'This is process ',myRank,' of ',nProcs
  call MPI_Finalize(iError)

  end

MPI_Comm_Rank returns different rank for each process
MPI_Comm_Size returns total number of processors

rank.f



  

MPI_Send & MPI_Recv
 
 if (myRank != 0) { 
    sprintf( msg, "Hello from process %d\n", myRank);
    MPI_Send( msg, NCHARS, MPI_CHAR,                  
                     0,
                     TAG, MPI_COMM_WORLD );
 }
 else {
    for (source=1; source<nProcs; source++) {
       MPI_Recv( msg, NCHARS, MPI_CHAR,
                 source,
                 TAG, MPI_COMM_WORLD, &status );
       printf( "%s", msg );
    }
    printf( "...and hello from rank %d.\n", myRank );
 }

receiver rank

sender rank

rank.c



  

Point-to-point communication

● Every MPI_Send must match an  MPI_Recv
● Message “envelope” consists of

● Sender rank
● Receiver rank
● Tag (arbitrary integer)
● Data



  

Who does what?
if (myRank != 0) {   // WORKER
  sprintf(&msg,“%d\n”,myRank); 
  MPI_Send(msg, NCHARS,
           MPI_CHAR, 0, TAG,
           MPI_COMM_WORLD);
}
else { // myRank == 0
  for (src=1; src<n; src++) {
      MPI_Recv(msg, NCHARS,
           MPI_CHAR, src, TAG, 
           MPI_COMM_WORLD,
           &status);
      printf( "%s", msg );
   }
   printf("...and hello from   
           rank 0.\n");
}

if (myRank != 0) {
  sprintf(&msg,“%d\n”,myRank); 
  MPI_Send(msg, NCHARS,
           MPI_CHAR, 0, TAG,
           MPI_COMM_WORLD);
}
else {               // MASTER
  for (src=1; src<n; src++) {
      MPI_Recv(msg, NCHARS,
           MPI_CHAR, src, TAG, 
           MPI_COMM_WORLD,
           &status);
      printf( "%s", msg );
   }
   printf("...and hello from   
           rank 0.\n");
}

Rank 1, 2, 3, ... Rank 0



  

Slow motion replay
MPI_Send( )
  done

Rank 0
MPI_Recv(..1)
  processes 1

MPI_Recv(..2)
  processes 2

MPI_Recv(..3)
  processes 3

MPI_Send( 
  waiting
  ...
  ...
  waiting
  ...
  )
  done

MPI_Send(
  waiting
  ..
  )
  done

Rank 1 Rank 2 Rank 3

--------- ---  Tim
e  ---- -------- >

Look at all that time spent waiting!



  

Collective communication

● Call same function from all processes
● Allows implementation to organize 

communications efficiently
● ...and save the programmer some work

● Examples
● MPI_Bcast (broadcast)
● MPI_Reduce (global summation)
● MPI_Scatter (distribute an array)
● MPI_Gather (collect an array) ...



  

Numerical integration
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Numerical integration, parallel

limit
0
                                                                limit

1

Proc 0

Δ

Proc 1

Proc 2

Proc 3

∫ f(x) ≈ ∑
i
 f(x

i
)*Δ

x



  

Overlapping communication
send to 0
done

Rank 0
recv from 1
add

recv from 2
add

done

send to 2
done

recv from 3
add

send to 0
done

Rank 1 Rank 2 Rank 3

--------- ---  Tim
e  ---- -------- >

● Tree structure
● O(log n) time
● Let MPI do this for you!  



  

Broadcast & Reduce
    if (myRank == root) {
        ReadParams( limits ); }

    MPI_Bcast( limits, 2, MPI_REAL, root,
               MPI_COMM_WORLD );

    width = (limits[1]-limits[0])/nProcs;
    myLimits[0] = limits[0] + width*myRank;
    myLimits[1] = myLimits[0] + width;
    mySum = Integrate( myLimits, nIntervals );

    MPI_Reduce( &mySum, &globalSum, 1, MPI_REAL,
                MPI_SUM, root, MPI_COMM_WORLD );

    if (myRank == root) {
        printf( "sum is: %f\n", globalSum ); }

integrate.c



  

Scatter & Gather
Rank 0

Rank 1

Rank 2

Rank 3



  

Communicators

● Only seen MPI_COMM_WORLD so far
● MPI_COMM_WORLD is the set of all 

processes in this MPI job
● Can define subsets called “communicators”
● Can do collective communications within 

subset



  

Parallel Input/Output

● Each process can open and close its own 
files in Open MPI

● This is “normal” input/output (I/O)
● Different MPI procs accessing the same file 

at the same time is “Parallel I/O”



  

Timing

● Standard time functions in C and Fortran 90 
have shortcomings

● MPI_Wtime not guaranteed to be 
synchronized between processes

double starttime, endtime;
starttime = MPI_Wtime();
// ... stuff to be timed ...
endtime = MPI_Wtime();
printf(“That took %f seconds”,
   endtime-starttime);



  

The real world (sort of)
● Numol, “Numerical Molecules”, quantum chem

– A. D. Becke & R. M. Dickson, J. Chem. Phys. 92, 3610 (1990)

● ParNum, “Parallel Numol” (unpublished) uses 
eleven MPI functions:

● plus 7 constants and one communicator, MPI_COMM_WORLD

MPI_Init, MPI_Finalize, 
MPI_Comm_Rank, MPI_Comm_Size,
MPI_Send, MPI_Recv,  
MPI_Bcast, MPI_Reduce, MPI_Barrier,
MPI_Wtime, MPI_Get_processor_name
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Example code

● On ACEnet clusters...
● courtenay
● fundy
● glooscap
● placentia

● ...in /home/rdickson/public/MPI_demo.tar
● “tar xf /home/rdickson/public/MPI_demo.tar”

● http://wiki.ace-net.ca for local documentation

http://wiki.ace-net.ca/
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