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� Collective Communication

� Dynamic Process Management

� User defined datatypes, communicators, and topologies

� MPI-2

� Remote Memory operations/Synchronization
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Introduction to MPI
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MPI  Basics - Review

�

���

� � ��

�

��� �	�

��

MPI _I ni t  -  st ar t  usi ng MPI

MPI _Comm_si ze -  get  t he number  of  t asks

MPI _Comm_r ank -  t he uni que i ndex of  t hi s 
t ask

MPI _Send -  send a message

MPI _Recv -  r ecei ve a message

MPI _Fi nal i ze -  st op usi ng MPI
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      MPI_Init(&argc, &argv);

    /*  Get my process rank and size* /
    MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);
    MPI_Comm_size(MPI_COMM_WORLD, &p);

    h = (b-a)/n;    /*  h is the same for all processes * /
    local_n = n/p;  /*  So is the number of trapezoids * /

    /*  Length of each process' interval of
     *  integration = local_n*h.  So my interval
     *  starts at: * /
    local_a = a + my_rank* local_n*h;
    local_b = local_a + local_n*h;
    integral = Trap(local_a, local_b, local_n, h);

    /*  Add up the integrals calculated by each process * /
    if (my_rank == 0) {
        total = integral;
        for (source = 1; source < p; source++) {
            MPI_Recv(&integral, 1, MPI_FLOAT, source, tag,
                MPI_COMM_WORLD, &status);
            total = total + integral;
        }
    }  else {   
        MPI_Send(&integral, 1, MPI_FLOAT, dest,
            tag, MPI_COMM_WORLD);
    }

    

   /*  Print the result * /
    if (my_rank == 0) {
        printf("With n = %d trapezoids, our estimate\n",
            n);
        printf("of the integral from %f to %f = %f\n",
            a, b, total);
    }

    /*  Shut down MPI * /
    MPI_Finalize();
}  /*   main  * /
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float Trap(
          float  local_a   /*  in * /,
          float  local_b   /*  in * /,
          int    local_n   /*  in * /,
          float  h         /*  in * /) {

    float integral;   /*  Store result in integral  * /
    float x;
    int i;

    float f(float x); /*  function we're integrating * /

    integral = (f(local_a) + f(local_b))/2.0;
    x = local_a;
    for (i = 1; i <= local_n-1; i++) {
        x = x + h;
        integral = integral + f(x);
    }
    integral = integral*h;
    return integral;
}  /*   Trap  * /

float f(float x) {
    float return_val;
    /*  Calculate f(x). * /
    /*  Store calculation in return_val. * /
    return_val = x*x;
    return return_val;
}  /*  f * /
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   void Get_data(float*   a_ptr, float*   b_ptr,
         int*  n_ptr,  int  my_rank, int     p  ) {

    int source = 0;    /*  All local variables used by * /
    int dest;          /*  MPI_Send and MPI_Recv       * /
    int tag;
    MPI_Status status;

    if (my_rank == 0){
        printf("Enter a, b, and n\n");
        scanf("%f %f %d", a_ptr, b_ptr, n_ptr);
        for (dest = 1; dest < p; dest++){
            tag = 0;
            MPI_Send(a_ptr, 1, MPI_FLOAT, dest, tag,
                MPI_COMM_WORLD);
            tag = 1;
            MPI_Send(b_ptr, 1, MPI_FLOAT, dest, tag,
                MPI_COMM_WORLD);
            tag = 2;
            MPI_Send(n_ptr, 1, MPI_INT, dest, tag,
                MPI_COMM_WORLD);
        }
    }  else {

 tag = 0;
        MPI_Recv(a_ptr, 1, MPI_FLOAT, source, tag,
            MPI_COMM_WORLD, &status);
        tag = 1;
        MPI_Recv(b_ptr, 1, MPI_FLOAT, source, tag,
            MPI_COMM_WORLD, &status);
        tag = 2;
        MPI_Recv(n_ptr, 1, MPI_INT, source, tag,
                MPI_COMM_WORLD, &status);
    }
}  /*  Get_data * /
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Last worker starts after process 0 sends 7 messages!
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void Get_data1(...

  if (my_rank == 0){
        printf("Enter a, b, and n\n");
        scanf("%f %f %d", a_ptr, b_ptr, n_ptr);
    }  

    for (stage = 0; stage < Ceiling_log2(p); stage++)
        if (I_receive(stage, my_rank, &source))
            Receive(a_ptr, b_ptr, n_ptr, source);
        else if (I_send(stage, my_rank, p, &dest))
            Send(*a_ptr, *b_ptr, *n_ptr, dest);
}  /*  Get_data1*/

- Creates a log(p) stage tree to exchange data
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int I_receive(int   stage,int   my_rank, 
        int*   source_ptr  /*  out * /) {
    int   power_2_stage;

    /*  2^stage = 1 << stage * /
    power_2_stage = 1 << stage;
    if ((power_2_stage <= my_rank) && 
            (my_rank < 2*power_2_stage)){
        *source_ptr = my_rank - power_2_stage;
        return 1;
    }  else return 0;
}  /*  I_receive * /

int I_send(int   stage, int   my_rank, 
        int   p, int*   dest_ptr ) {
    int power_2_stage;

    /*  2^stage = 1 << stage * /
    power_2_stage = 1 << stage;  
    if (my_rank < power_2_stage){
        *dest_ptr = my_rank + power_2_stage;
        if (*dest_ptr >= p) return 0;
        else return 1;

    }  else return 0;

}  /*  I_send * /            

/* * ** ** * ** * ** ** /
void Send(float  a ,float  b , int    n,  int    dest) {

    MPI_Send(&a, 1, MPI_FLOAT, dest, 0, MPI_COMM_WORLD);
    MPI_Send(&b, 1, MPI_FLOAT, dest, 1, MPI_COMM_WORLD);
    MPI_Send(&n, 1, MPI_INT, dest, 2, MPI_COMM_WORLD);
}  /*  Send * /

/* * ** ** * ** * ** ** * ** ** * ** * ** ** * ** * ** ** * * /
void Receive(float*   a_ptr , 
        float*   b_ptr, int*     n_ptr,  int     source ) {
    
MPI_Status status;
    MPI_Recv(a_ptr, 1, MPI_FLOAT, source, 0, 
        MPI_COMM_WORLD, &status);
    MPI_Recv(b_ptr, 1, MPI_FLOAT, source, 1, 
        MPI_COMM_WORLD, &status);
    MPI_Recv(n_ptr, 1, MPI_INT, source, 2, 
        MPI_COMM_WORLD, &status);
}  /*  Receive * /
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void Get_data2(float*   a_ptr,float*   b_ptr , int*  n_ptr, int  my_rank) {

    if (my_rank == 0) {
        printf("Enter a, b, and n\n");
        scanf("%f %f %d", a_ptr, b_ptr, n_ptr);
    }
    MPI_Bcast(a_ptr, 1, MPI_FLOAT, 0, MPI_COMM_WORLD);
    MPI_Bcast(b_ptr, 1, MPI_FLOAT, 0, MPI_COMM_WORLD);
    MPI_Bcast(n_ptr, 1, MPI_INT, 0, MPI_COMM_WORLD);
}  /*  Get_data2 * /

�

�

���
� ����� �

���

�

���
� ��  !� � �

�

"

 � � �  �

#

�

$ �

�

$

�

#
%

� � �&

�('

�

#

�� �

�

)

 

#

�

�

��  & � � �

*

+

� �

$

�  �

,

& � �

# #

+��

�� � � � ��

� �

 

#

+
�� � � �

-

��.

. .



High Per formance Comput ing In it iat ive

Reduction Revisited

�

���

�

���

�  � �

	 	

� �




�
�

� � � � ��




�

� �� � � � � � �

�

� �

�




� �

�

�

i nt  MPI _Reduce( voi d * sendbuf ,  voi d * r ecvbuf ,  i nt  count ,  
MPI _Dat at ype dat at ype, MPI _Op op,  i nt  r oot , Mpi _comm 
comm) ;

MPI _REDUCE( sendbuf , r ecvbuf , count , dat at ype, op, r oot , comm,  
i er r or )

<t ype>sendbuf ( * ) , r ecvbuf ( * )

i nt eger  count , dat at ype, op, r oot , comm, i er r or

voi d MPI : : I nt r acomm: : Reduce( const  voi d*  sendbuf ,  voi d*  
r ecvbuf ,  i nt  count ,  const  Dat at ype& dat at ype,  const  
Op& op,  i nt  r oot )  const
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f loat Serial_dot(float  x[], float  y[] , int  n) {

    int    i;
    float  sum = 0.0;

    for (i = 0; i < n; i++)
        sum = sum + x[i]*y[i];
    return sum;
}  /*  Serial_dot * /

float Parallel_dot(float  local_x[]  float  local_y[],int  n_bar) {

    float  local_dot;
    float  dot = 0.0;
    float  Serial_dot(float x[], float y[], int m);

    local_dot = Serial_dot(local_x, local_y, n_bar);
    MPI_Reduce(& local_dot, &dot, 1, MPI_FLOAT,
        MPI_SUM, 0, MPI_COMM_WORLD);
    return dot;
}  /*  Parallel_dot * /

Note: you may not make the first and second arguments to reduce the same! 
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i nt  MPI _Scat t er ( voi d*  sndbuf ,
   i nt  sndcount ,  MPI _Dat at ype sndt ype,  voi d*  r cvbuf ,
   i nt  r cvcount ,  MPI _Dat at ype r cvt ype,
   i nt  r oot ,  MPI _Comm comm) ;
 
voi d MPI : : Comm: : Scat t er ( . . . )
MPI _SCATTER( . . . )
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MPI _Gat her ( voi d*  sndbuf ,
   i nt  sndcount ,  MPI _Dat at ype sndt ype,
   voi d*  r cvbuf ,
   i nt  r cvcount ,  MPI _Dat at ype r cvt ype,
   i nt  r oot ,
   MPI _Comm comm) ;  
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/ * Assumes n i s  di vi s i bl e by p * /
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voi d Read_vect or (

         char *   pr ompt      / *  i n  * / ,

         f l oat   l ocal _x[ ]   / *  out  * / ,

         i nt     l ocal _n    / *  i n  * / ,

         i nt     my_r ank    / *  i n  * / ,

         i nt     p          / *  i n  * / )  {

    i nt    i ;

    f l oat  t emp[ MAX_ORDER] ;

    i f  ( my_r ank == 0)  {

        pr i nt f ( " %s\ n" ,  pr ompt ) ;

        f or  ( i  = 0;  i  < p* l ocal _n;  i ++)

            scanf ( " %f " ,  &t emp[ i ] ) ;

    }

    MPI _Scat t er ( t emp,  l ocal _n,  MPI _FLOAT,  l ocal _x,  l ocal _n,  
MPI _FLOAT,

        0,  MPI _COMM_WORLD) ;

}   / *  Read_vect or  * /
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voi d Pr i nt _mat r i x(

         char *            t i t l e      / *  i n * / ,

         LOCAL_MATRI X_T  l ocal _A    / *  i n * / ,

         i nt              l ocal _m    / *  i n * / ,

         i nt              n          / *  i n * / ,

         i nt              my_r ank    / *  i n * / ,

         i nt              p          / *  i n * / )  {

    i nt    i ,  j ;

    f l oat  t emp[ MAX_ORDER] [ MAX_ORDER] ;

    MPI _Gat her ( l ocal _A,  l ocal _m* MAX_ORDER,  MPI _FLOAT,  t emp,

         l ocal _m* MAX_ORDER,  MPI _FLOAT,  0,  MPI _COMM_WORLD) ;

    i f  ( my_r ank  == 0)  {

        pr i nt f ( " %s\ n" ,  t i t l e) ;

        f or  ( i  = 0;  i  < p* l ocal _m;  i ++)  {

            f or  ( j  = 0;  j  < n;  j ++)

                pr i nt f ( " %4. 1f  " ,  t emp[ i ] [ j ] ) ;

            pr i nt f ( " \ n" ) ;

        }

    }

}   / *  Pr i nt _mat r i x  * /
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MPI _Al l gat her ( voi d*  sndbuf ,
   i nt  sndcount ,  MPI _Dat at ype sndt ype,
   voi d*  r cvbuf ,
   i nt  r cvcount ,  MPI _Dat at ype r cvt ype,
   i nt  r oot ,
   MPI _Comm comm) ;  
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MPI _Al l t oal l ( voi d*  sndbuf ,
   i nt  sndcount ,  MPI _Dat at ype 

sndt ype,
   voi d*  r cvbuf ,
   i nt  r cvcount ,  MPI _Dat at ype 

r cvt ype,
   MPI _Comm comm) ;  
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MPI _Al l r educe( voi d*  sendbuf ,
   voi d*  r ecvbuf ,
   i nt  count ,
   MPI _Dat at ype dat at ype,
   MPI _Op op,
   MPI _Comm comm)
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� MPI _Bar r i er ( MPI _Comm comm) ;

� MPI : : Comm: : Bar r i er ( )

� MPI _BARRI ER( COMM,  I ERROR)

� I NTEGER COMM,  I ERROR

� Each task calling MPI _Bar r i er  will stop until all tasks 
in the communicator have called MPI _Bar r i er
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Communication Modes
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MPI _Bsend( buf ,  count ,  dat at ype,  dest ,  t ag,  
MPI _COMM_WORLD) ;
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MPI _Ssend( buf ,  count ,  dat at ype,  dest ,  t ag,  
MPI _COMM_WORLD) ;
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MPI _Rsend( buf ,  count ,  dat at ype,  dest ,  t ag,  
MPI _COMM_WORLD) ;
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Standard Mode
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Buffered Mode
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MPI _Buf f er _at t ach( buf f er ,  s i ze) ;

MPI _Buf f er _det ach( buf f er _addr ,  s i ze) ;

� Send returns as soon as message is copied into 
buffer

� Completion of send does not imply message 
delivered
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Synchronous Mode
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Ready Mode
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Semantics
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Non-Over taking Messages
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Fairness
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L imited System Resources
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Mat r i x Vect or

Task 0 

Task 2 

Task 1 

Task 3 

Mat r i x Vect or

Task 0 

Task 2 

Task 1 

Task 3 

#2

#3

Tasks  must  exchange 
bl ocks of  vect or  
“ N”  t i mes,  cr eat i ng 
par t i al  sums
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Cont act  Dan St anzi one at  t he addr ess 
above wi t h any r equest s or  pr obl ems

, Remot e access t o al l  syst ems i s 
t hr ough t he secur e shel l  ut i l i t y 
" ssh"  ( no t el net ,  r sh,  f t p,  et c)

- ssh i s  f r eel y avai l abl e f or  al l  
pl at f or ms ( wi ndows c l i ent s avai l abl e 
on t he web page,  or  sear ch f or  
“ put t y” ) .

. ssh t hymi ne. par l . c l emson. edu

. ssh - l  <user name> thymine.parl.clemson . edu 


