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Using MPI
@ Scatter and Gather

@ parallel summation algorithm
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parallel summation

Consider the addition of 100 numbers
on a distributed memory 4-processor computer.

100

For simplicity of coding: S = _i.

i=1

Parallel algorithm to sum 100 numbers:

© Distribute 100 numbers evenly among the 4 processors.
© Every processor sums 25 numbers.

© Collect the 4 sums to the manager node.

© Add the 4 sums and print the result.
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scattering data

Scattering an array of 100 number over 4 processors:

data
Py

B 1
L I

——
Po P1 P2 P3
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gathering results

Gathering the partial sums at the 4 processors to the root:

sums
0

N

——
Po P1 P2 P3
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Using MPI

a Scatter and Gather

@ collective communication: MPl _Scat t er and MPI _Gat her
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Scatter data with MPI _Scat t er

To scatter data from one member to all members of a group:

MPI _SCATTER( sendbuf, sendcount , sendt ype,
recvbuf, recvcount, recvt ype, r oot, conm

where the arguments are

sendbuf . address of send buffer

sendcount : number of elements sent to each process
sendtype : datatype of send buffer elements

r ecvbuf . address of receive buffer

recvcount : number of elements in receive buffer
recvtype : datatype of receive buffer elements

r oot :rank of sending process

comm . communicator
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Gathering data with MPI _Gat her

To gather data from all members to one members in a group:

MPI _GATHER( sendbuf , sendcount, sendt ype,
recvbuf, recvcount, recvtype, r oot, conm

where the arguments are

sendbuf . starting address of send buffer
sendcount : number of elements in send buffer
sendtype : data buffer of send buffer elements

r ecvbuf . address of receive buffer

recvcount : number of elements for any single receive
recvtype : data type of receive buffer elements

r oot . rank of receiving process

comm : communicator
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Using MPI

Q Scatter and Gather

@ code for a parallel summation
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startof paral l el _sumc

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <npi. h>

#define v 1 /+ verbose flag, output if 1,
no output if 0 */

int main ( int argc, char xargv[] )
{
int nyid,j,*data, tosunf25], suns[4];

MPI I nit(&argc, &rgv);
MPI _Comm_r ank( MPI _COVM WORLD, &nyi d) ;
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scattering data from the root

i f(nyid==0) /+ manager all ocates
and initializes the data x/

{
data = (int=*)calloc(100, sizeof(int));
for (j=0; j<100; j++) data[j] =] +1;
i f(v>0)
{
printf("The data to sum: ");
for (j=0; j<100; j++) printf(" %", data[j]);
}
}

WPl _Scatter(data, 25, MPl _I NT, t osum 25, MPl _I NT, O,
MPI _COVM WORLD) ;
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summing and gathering the sums

if(v>0) /+ after the scatter,
every node has 25 nunbers to sum */

{
printf("Node %d has nunbers to sum:", nyid);
for(j=0; j<25; j++) printf(" %", tosunij]);
printf("\n");

}

suns[ nyid] = 0;

for(j=0; j<25; j++) suns[nyid] += tosunfj];

if(v>0) printf("Node % conputes the sum %\ n",
nmyi d, suns[ nyi d]);

MPI _Gat her (&suns[ nyid], 1, MPl _I NT, suns, 1, MPl _I NT, O,
MPI _COVM WORLD) ;
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after the gather

i f(myid==0) /+ after the gather,
sums contains the four suns */

{
printf("The four sunms : ");
printf("%l", suns[0]);
for(j=1; j<4; j++) printf(" + %", suns[j]);
for(j=1; j<4; j++) sums[0] += suns[j];
printf(" = %, which should be 5050.\n"

suns[ 0] );

}

MPI _Finalize();

return O;
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Using MPI

9 Send and Recv

@ squaring numbers in an array
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squaring numbers

Example of an input and output sequence:
Input 2, 4, 8, 16,
Output : 4, 16, 64, 256,

Instead of squaring,
we could apply a difficult function y = f(x) to an array of values for x.

$ mpirun -np 4 /tnp/parallel_square
The data to square : 2 4 8 16

Node 1 will square 4

Node 2 will square 8

Node 3 will square 16

The squared nunbers : 4 16 64 256
$
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a parallel squaring algorithm

To square p numbers:

© The manager sends p — 1 numbers xq,Xo, ... , Xp—1 to workers.
Every worker receives: the i-th worker receives x; in f.

The manager copies Xg to f: f = Xg.
@ Every node (manager and all workers) squares f.

© Every worker sends f to the manager.
The manager receives x; from i-th worker, i =1,2,...,p — 1.

The manager copies f to Xp: Xg = f, and prints.

Introduction to Supercomputing (MCS 572) Using MPI 20 January 2012 16/31



Using MPI

@ Send and Recv

@ point-to-point communication: MPl _Send and MPl _Recv
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sending data with MPlI _Send

The blocking send operation has the syntax:
MPI _SEND( buf , count, dat at ype, dest, t ag, conm)

where the arguments are

buf . initial address of the send buffer
count . number of elements in send buffer
dat atype : data type of each send buffer element
dest . rank of destination

tag . message tag

comm : communication
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receiving data with MPl _Recv

The syntax of the blocking receive operation:
MPI _RECV( buf, count, dat at ype, source, t ag, conm st at us)

where the arguments are

buf . initial address of the receive buffer
count . number of elements in receive buffer
dat atype : datatype of each receive buffer element
source . rank of source

t ag :  message tag

conm . communication

stat us . status object
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Using MPI

9 Send and Recv

@ code for a parallel square
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start of paral | el _square.c

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <mpi . h>

#define v 1 /+ verbose flag, output if 1,
no output if 0 */
#define tag 100 /+ tag for sending a nunber */

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

int p,nmyid,i,f,*x;

MPI St at us st at us;

MPI _I nit(&argc, &rgv);
MPI _Conm si ze( MPI _COVM WORLD, &p) ;
MPI _Comm r ank( MPI _COVM WORLD, &nyi d) ;
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first p even numbers

if(myid == 0) /* the manager all ocates
and initializes x x/
{
x = (int*)calloc(p,sizeof(int));
x[0] = 2;
for (i=1; i<p; i++) x[i] = 2«x[i-1];
i f(v>0)
{
printf("The data to square : ");
for (i=0; i<p; i++)
printf(" %", x[i]); printf("\n");
}
}
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every MPI _Send is matched by a MPl _Recv

if(myid == 0) /* the manager copies x[0] to f =/
{ /* and sends the i-th element to
the i-th processor =*/
f = x[0];
for(i=1; i<p; i++)
MPlI _Send(&x[i],1, MPl INT,i,tag,
MPI _COVM WORLD) ;
}
el se /= every worker receives its f fromroot =/
{
MPI _Recv(&f, 1, MPl _INT, 0, tag, MPl _COVM WORLD,
&st at us) ;
i f(v>0)
printf("Node % will square %d\n", nyid,f);
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squaring and sending results to root

f =1, /* every node does the squaring =*/

if(myid == 0) /* the manager receives f in x[i]
fromprocessor i */
for(i=1; i<p; i++)
MPl _Recv(&x[i],1, MPl INT,i,tag,
MPI _COVM WORLD, &st at us) ;
el se /= every worker sends f to the manager =/
MPI _Send( &f, 1, MPI _I NT, O, t ag, MPI _COVM WORLD) ;
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printing the results

if(myid == 0) /* the nanager prints results */
{
x[0] = f;
printf("The squared nunbers : ");
for(i=0; i<p; i++) printf(" %", x[i]);
printf("\n");

}
MPI _Finalize();
return O;
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Using MPI

@ Reducing the Communication Cost

@ measuring wall time with MPI _W i ne
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measuring wall time with MPI _W i ne

To measure the communication cost,
we run our parallel program without any computations.

MPI _W i me() returns a double containing the elapsed time in
seconds since some arbitrary time in the past.

Example usage:
doubl e startwti ne, endwti ne, tot al wti ne;
startwtinme = MPI _Wine();
/* code to be timed */

endwtime = MPI_Wime();

totalwine = endwmine - startwine;
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Using MPI

@ Reducing the Communication Cost

@ sequential versus fan out
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seqguential versus fan out broadcast

Consider the broadcast of one item over 8 processors:

a sequential broadcast a fan out broadcast
[o}+{0] [o}~1]
——a_
—13] 2
0, ¥
c
time time
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algorithm for fan out broadcast

Algorithm: at step k, 2k—1 processors have data, and execute:

for j from 0 to 2K—1 do
processor j sends to processor j + 2k—1:
processor j 4+ 2K~ receives from processor j.

The cost to broadcast of one item
@ is O(p) for a sequential broadcast,
@ is O(log,(p)) for a fan out broadcast.

The cost to scatter n items
@ is O(p x n/p) for a sequential broadcast,
@ is O(log,(p) x n/p) for a fan out broadcast.
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Summary + Exercises

We covered five more commands of MPI.
the MPI book is available at

http://ww. netlib. org/utk/ papers/npi-book/ npi-book. ht n
Exercises:

© Adjust the parallel summation to work for p processors where the
dimension n of the array is a multiple of p.

@ Rewrite the program to sum 100 numbers using MPl _Send and
MPI _Recv instead of MPl _Scatt er and MPl _Gat her .

© Rewrite the program to square p numbers using MPl _Scat t er
and VPl _Gat her.

© Show that a hypercube network topology has enough direct
connections between processors for a fan out broadcast.

Homework will be collected on Friday 27 January at noon.
Bring your answers to the problems of lectures 4 and 5 to class.
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