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processors and processes

A parallel program is a collection of concurrent processes.
A process (also called a job or task) is a sequence of instructions.

Usually, there is a 1-to-1 map between processes and processors.
If there are more processes than processors,
then processes are executed in a time sharing environment.

We use the SPMD model: Single Program, Multiple Data.

Every node executes the same program.

Every node has a unique identification number (id)
— the root node has number zero —

and code can be executed depending on the id.

The root node is the manager, the other nodes are workers.
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MPI = Message Passing Interface

MPI = Message Passing Interface
is a standard specification for interprocess communication
for which several implementations exist.

Start a C program with
#i ncl ude <mpi . h>

to use the functionality of MPI.

Open MPI is an open source implementation
of all features of MPI-2.

In this lecture we use MPI in simple interactive programs, e.g.:
as npi cc and npi r un are available on laptop computers.
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@ hello world!

o = = = = ©OHACe
Introduction to Supercomputing (MCS 572) Basics of MPI



running npi _hell o_worl d

We use a makef i | e to compile, and then run with 10 processes:

$ make npi _hello world

nmpicc nmpi _hello_world.c -o /trp/npi _hello_world

$ npirun -np 10 /tnp/ mpi _hello_world

Hell o worl d from processor
Hell o worl d from processor
Hell o worl d from processor
Hell o worl d from processor
Hell o worl d from processor
Hell o worl d from processor
Hell o worl d from processor
Hello worl d from processor
Hello worl d from processor
Hello worl d from processor
$
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npi _hello world.c

#i ncl ude <stdio. h>
#i ncl ude <npi . h>

int main ( int argc, char xargv[] )

{
int i,p;
MPl I nit(&argc, &rgv);
MPI _Comm si ze( MPI _COVM WORLD, &p) ;
MPl _Cormm r ank( MPI _COVM WORLD, &i ) ;
printf("Hello world fromprocessor % out of %l.\n",
i, p);
VPl _Finali ze();
return O;
}
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initializing and cleaning up

#i ncl ude <npi . h>

int min ( int argc, char xargv[] )
{

MPl I nit(&argc, &rgv);

MPI _Finalize();

return O;

}

The MPI _I ni t processes command line arguments:
© ar gc is the number of arguments,

@ ar gv contains the arguments,
ar gv[ 0] is the name of the program.

MPI _Fi nal i ze() cleans up the environment.
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the universe

MPI _COVM WORLDis a predefined named constant handle
to refer to the universe of p processors with labels fromOtop — 1.

@ MPI _Comm si ze returns the number of processors.
@ MPI _Conm r ank returns the label of a node.

For example:
int i,p;

MPl _Conm si ze( MPl _COVM WORLD, &p) ;
MPl _Conm r ank( MPl _COVM WORLD, & ) ;
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broadcasting an integer

Many parallel programs follow a manager/worker model.

As an example, we broadcast an integer:
© Node with id 0 (manager) prompts for an integer.

@ The integer is broadcasted over the network:
— the number is sent to all processors in the universe.

© Every worker node prints the number to screen.

Application: broadcast dimension of data before sending the data.
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running the program

$ neke broadcast_integer
npi cc broadcast _integer.c -o /tnp/broadcast _integer

$ nmpirun -np 3 /tnp/broadcast_integer
Type an integer nunber. ..
123

Node 1 wites the nunber n
Node 2 wites the nunmber n
$

123.
123.
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MPI _Bcast

An example of the MPl _Bcast command:

int n;
MPI _Bcast (&n, 1, MPl _I NT, 0, MPI _COVM WORLD) ;

There are five arguments:
© address of the element(s) to broadcast,
@ number of elements that will be broadcasted,
@ type of all the elements,
© message label,
@ universe.
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headers and subroutine declarations

#i ncl ude <stdio. h>
#i ncl ude <npi . h>

voi d manager ( intx n );
[+ code executed by the manager node O,
* pronpts the user for an integer number n =/

void worker ( int i, int n);

[+ code executed by the i-th worker node,
* who wWill wite the integer nunber n to screen =/
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the main program

int mmin ( int argc, char xargv[] )

{
i nt nyid, nunbprocs, n;
MPI _I ni t (&argc, &rgv);
MPI _Comm si ze( MPI _COVM WORLD, &unbpr ocs) ;
MPI _Comm r ank( MPI _COVM WORLD, &nyi d) ;
if (myid == 0) manager (&n);
MPI _Bcast (&n, 1, MPl _I NT, 0, MPI _COVM WORLD) ;
if (myid !'= 0) worker(nyid,n);
MPI _Finali ze();
return O;
}
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code for the subroutines

void manager ( int* n)

{
printf("Type an integer nunber... \n");
scanf (" %", n);
}
void worker ( int i, int n)
{
printf("Node %d wites the nunber n = %d.\n",i,n);
}
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before broadcasting the dimension

Before broadcasting the dimension n to all nodes
on a 4-processor distributed memory computer.

0o
n (3] ni]

nJ | |nO
T R T
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before array allocation

Before allocating an array of 3 doubles
on a 4-processor distributed memory computer.

Pl [pa] [ [ps

n (3] n (3] n (3] n (3]

A S
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after array allocation

After allocating an array of 3 doubles
on a 4-processor distributed memory computer.

Pl [pa] [ [ps

n (3] n (3] n (3] n (3]

T
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before the broadcast

Before broadcasting an array of 3 doubles
on a 4-processor distributed memory computer.

Pl [pa] [ [ps

n (3] n (3] n (3] n (3]
d d d d
D |92 | |2 | |°F

2.0
3.0
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after the broadcast

After broadcasting an array of 3 doubles
on a 4-processor distributed memory computer.

Pl [pa] [ [ps

n (3] n (3] n (3] n (3]

dE dE dE d@

. . . 1.0
2.0 2.0 2.0 2.0
3.0 3.0 3.0 3.0
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headers and subroutine declarations

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

voi d define_doubles ( int n, double *d );
[+ defines the values of the n doubles in d */

void wite_doubles ( int nmyid, int n, double *d );
[+ node with id equal to nyid
writes the n doubles in d */

We include st dl i b. h for memory allocation.
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broadcasting the dimension

int main ( int argc, char xargv[] )
{

i nt nyid, nunbprocs, n;

doubl e *dat a;

MPI _I nit(&argc, &rgv);
MPI _Comm si ze( MPI _COVM WORLD, &nunbpr ocs) ;
MPI _Conmm_r ank( MPI _COVM WORLD, &nyi d) ;

if (myid == 0)

{
printf("Type the dinmension ...\n");
scanf (" %", &n) ;

}

MPI _Bcast (&n, 1, MPI _I NT, 0, MPI _COVM WCRLD) ;
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allocating memory
The main program continues:
data = (doubl ex)cal |l oc(n, si zeof (doubl e));
Every node must allocate memory!
if (nyid == 0) define_doubl es(n, data);
MPI _Bcast (dat a, n, MPl _DOUBLE, 0, M°PI _COVM WORLD) ;
if (nyid !=0) wite_doubl es(nyid,n,data);

MPI _Finalize();
return O;
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subroutine definitions

voi d define_doubles ( int n, double *d )

{
int i;
printf("defining % doubles ...\n", n);
for(i=0; i <n; i++) d[i] = (double)i;
}

void wite_doubles ( int nmyid, int n, double *d )
{

int i;

printf("Node % wites % doubles : \n", nyid, n);
for(i=0; i <n; i++) printf("%Wf\n",d[i]);
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Summary + Exercises

Visit ht t p: / / www. npi - f orum or g/ docs/

the MPI book is available at
http://ww. netlib. org/utk/ papers/npi-book/ npi-book. ht n

Exercises:

© Adjust hello world so that after you type in your name once,
when prompted by the manager node, every node salutes you,
using the name you typed in.

© We measure the wall clock time using t i me npi r un in the
broadcasting of an array of doubles. To avoid typing in the
dimension n, either define n as a constant in the program or
redirect the input from a file that contains n. For increasing number
of processes and n, investigate how the wall clock time grows.
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