More MPI
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 Review of last week

— 6 Basic MPI Calls

— Data Types

— Wildcards

— Using Status
 Probing
« Asynchronous Communication
 Collective Communications
« Advanced Topics

— "V" operations

— Derived data types

— Communicators
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Review: Six Basic MPI Calls

e MPI_Init

— Initialize MPI
« MPI_Comm_Rank

— Get the processor rank
« MPI_Comm_Size

— Get the number of processors
« MPI_Send

— Send data to another processor
e MPI_Recv

— Get data from another processor
« MPI_Finalize

—  Finish MPI
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Simple Send and Receive Program

#i ncl ude <stdi o. h>
#i ncl ude <npi . h>
int main(int argc, char *argv[])

{
int nyid, nunprocs, tag, source, destination,count, buffer;
MPI _St at us st at us;
VPl _Init(&argc, &rgv) ;
VPl Cormm si ze( MPlI _COVM WORLD, &nunpr ocs) ;
VPl Cormm r ank( MPlI _COVM WORLD, &mnyi d) ;
tag=1234; source=0; destination=1; count=1;
I f(nmyid == source){
buf f er =5678;
VPl _Send( &uf fer, count, MPl _I NT, desti nati on, tag, MPl _COVM WORLD) ;
printf("processor %d sent %\n",nyid, buffer);
}
I f(nmyid == destination){
MPI Recv(&buffer, count, MPl I NT, source,tag, MPl _COW WORLD, &st at us) ;
printf("processor %d got %\ n",nyid, buffer);
}
MPI _Finalize();
}
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MPI Data Types

« MPI has many different predefined data types
— All your favorite C data types are included

« MPI data types can be used in any
communication operation
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MPI| Predefined Data Types in C

C MPI Types
MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int
MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int
MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float
MPI_DOUBLE double
MPI_LONG_DOUBLE long double
MPI_BYTE -
MPI_PACKED -
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Wildcards

« Enables programmer to avoid having to specify a

tag and/or source.
« Example:
MPI St atus st at us;
i nt buffer[5];
I nt error;
error = MPI _Recv(&uffer[0], 5, MPI _INT,

MPI _ANY SOURCE, MPI _ANY TAG
MPI _COVM WORLD, &st at us) :

« MPI_ANY_SOURCE and MPI_ANY_TAG
are wild cards

e status structure is used to get wildcard values
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Status

« The status parameter returns additional
iInformation for some MPI routines

— additional error status information

— additional information with wildcard parameters
« C declaration : a predefined struct

= MPI _Status status;
 Fortran declaration : an array is used instead

= | NTEGER STATUS( MPI _STATUS Sl ZE)
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Accessing Status Information

e The tag of areceived message

— C : status.MPIl_TAG

— Fortran : STATUS(MPI_TAG)
« The source of areceived message

— C : status.MPl_SOURCE

— Fortran : STATUS(MPI_SOURCE)
e The error code of the MPI call

— C : status.MPl _ERROR

— Fortran : STATUS(MPI_ERROR)
e Other uses...
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MPI| _Probe

« MPI Probe allows incoming messages to be
checked without actually receiving them.

— The user can then decide how to receive the data.

— Useful when different action needs to be taken
depending on the "who, what, and how much"
Information of the message.
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MPI| _Probe

. C

= MPI _Probe(source, tag, conm &status)

e Fortran

= MPI _PROBE( SOURCE, TAG COWWM STATUS, | ERROR)

e Parameters

CS 596

— Source: source rank, or MPI_ANY_SOURCE
— Tag: tag value, or MPI_ANY_TAG

— Comm: communicator

— Status: status object
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MPI _Probe Example

#i ncl ude <stdio. h>

#i ncl ude <npi . h>

#i ncl ude <mat h. h>

/* Program shows how to use probe and get count to find the

size */

/* of an inconm ng nessage */

i nt mai n(argc, argv)

I nt argc;

char *argv[];

{
i nt myid, nunprocs;
MPlI St atus status;
int i,nytag,ierr,icount;
MPI I nit(&argc, &rgv) ;
MPI _Comm si ze( MPI _COVM WORLD, &hunpr ocs) ;
MPI _Comm r ank( MPI _COMM WORLD, &nyi d) ;

[* print out ny rank and this run's PE size*/
printf("Hello from %\ n", nyi d);
printf("Nunprocs is %\ n", nunprocs);
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MPI_Probe example (cont.)

myt ag=123;
| =0;
| count =0;
i f(nmyid == 0) {
| =100;
| count =1;

i err=MPI _Send(& ,icount, MPl _INT, 1, nytag, MPl _COVM WORLD
);
}
i f(myid == 1){
| err=MPI _Probe(0, nytag, MPIl _COMM WORLD, &st at us) ;
i err=MPI _Get count (&status, MPl | NT, & count) ;
printf("getting %\ n",icount);
lerr =
MPI Recv(& ,icount, MPl I NT, O, nytag, MPl _COVM WORLD,
stat us);
printf("i=9%\n",i);
}
MPI _Finalize();
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MPI|_Barrier

e Blocks the caller until all members in the
communicator have called it.

 Used as a synchronization tool.
e C
= VPl _Barrier(comm)

e Fortran
= Call MPI _BARRI ER(COW | ERROR)

e Parameter

— Comm: communicator (often
MPI_COMM_WORLD)
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Asynchronous Communication

« Asynchronous send: send call returns
Immediately, send actually occurs later

« Asynchronous receive: receive call returns
Immediately. When received data is needed, call a
wait subroutine

« Asynchronous communication used to overlap
communication with computation.

e Can help prevent deadlock (but beware!)
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Asynchronous Send with MPI_Isend

e C
= VPl Request request
= MPI _|send(&buffer, count, datatype,
dest,tag, comm
& equest)
 Fortran
= | nteger REQUEST

= MPI | send( BUFFER, COUNT, DATATYPE, DEST,

TAG, COW|
REQUEST, | ERROR)

« Request is a new output parameter

« Don't change data until communication is
complete
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Asynchronous Receive w/ MPI_Irecv

e C
= MPI _Request request;

= int MPl _lrecv(&buf, count, datatype, source,
t ag,
comm request)

e Fortran

= | nteger request

= MPI _|recv(BUFFER, COUNT, DATATYPE, SOURCE,
TAG
COW REQUEST, | ERROR)

« Parameter changes
— Request: communication request
— Status parameter is missing
« Don't use data until communication is complete
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MPI_Wait Used to Complete Communication

 Request from Isend or Irecv iIs input

— The completion of a send operation indicates that
the sender is now free to update the data in the
send buffer

— The completion of a receive operation indicates
that the receive buffer contains the received
message

« MPI_Wait blocks until message specified by
"request" completes
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MP|_ Wait Usage

e C
= MPI Request request;
= MPI St atus stat us;
= MPI Wit (& equest, &status)

e Fortran

" | nteger request
* | nteger status(MPl _STATUS Sl ZE)
= VPI WAl T( REQUEST, STATUS, | ERROR)

« MPI Wait blocks until message specified
by "request” completes
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MPI_Test

e Similar to MPIl_Wait, but does not block

« Value of flags signifies whether a message has
been delivered

e C
= int flag
= int MPlI_Test (& equest, & | ag, &stat us)

e Fortran
= LOd CAL FLAG
= VPl _TEST(REQUEST, FLAG STATUS, |ER
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Non-Blocking Send Example

call MPI Isend (buffer, count, datatype, dest,
tag, comm request, ierr)
10 conti nue
Do other work ...

call MPlI _Test (request, flag, status, ierr)
I1f (.not. flag) goto 10
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Asynchronous Send and Receive

 Write a parallel program to send and receive data
using MPI_Isend and MPI _Irecv

— Initialize MPI
— Have processor 0 send an integer to processor 1

— Have processor 1 receive and integer from
processor O

— Both processors check on message completion
— Quit MPI
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#1 ncl ude <stdi o. h>
#i ncl ude "npi . h"
#i ncl ude <mat h. h>

/************************************************************

This is a sinple isend/ireceive programin Ml

************************************************************/

i nt mai n(argc, argv)
I nt argc;
char *argv[];
{
i nt nyid, nunprocs;
I nt tag, source, destination, count;
I nt buffer;
MPlI St atus status;
MPI Request request;
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CS 596

MPI I nit(&argc, &rgv);

MPI _Comm si ze( MPI _COVM WORLD, &nhunpr ocs) ;
MPlI _Comm r ank( MPI _COVM WORLD, &nyi d) ;
tag=1234;

sour ce=0;

desti nati on=1;

count =1;

request =MPl _REQUEST NULL,;
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I f(myid == source){
buf f er =5678;
MPI | send( &uffer, count, MPl I NT, destination,tag,
MPI _COWM WORLD, &r equest) ;
}
i f(nmyid == destination){
MPlI Irecv(&buffer,count, MPl I NT, source,tag,
MPI _ COWM WORLD, &r equest) ;
}
MPI Wit (&request, &t at us) ;
i f(myid == source){
printf("processor % sent %\ n",nyid, buffer);
}
I f(nmyid == destination){
printf("processor %d got %\n",nyid, buffer);

}
MPI _Finalize();
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Broadcast Operation: MPl_Bcast

 All nodes call MPI_Bcast

* One node (root) sends a message all others
receive the message
e C

= MPI Bcast (&buffer, count, datatype, root,
conmuni cat or) ;

e Fortran

= call MPI _Bcast (buffer, count, datatype,
root, conmunicator, ierr)

« Root is node that sends the message
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Broadcast Example

 Write a parallel program to broadcast data using
MPI_Bcast

— Initialize MPI
— Have processor O broadcast an integer

— Have all processors print the data
— Quit MPI
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/************************************************************

This is a sinple broadcast programin Ml

************************************************************/

i nt mai n(argc, argv)

I nt argc;

char *argv[];

{
int i,nyid, nunprocs;
| nt source, count;
int buffer[4];
MPlI St atus status;
MPI Request request;

MPI _Init(&argc, &rgv) ;

MPI _Comm si ze( MPI _COVM WORLD, &unpr ocs) ;
MPI _Comm r ank( MPI _COMM WORLD, &nyi d) ;
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sour ce=0;
count =4;
| f(nmyid == source){
for(i=0;i<count;i++)
buffer[i]=i;
}

MPlI _Bcast (buf fer, count, MPl _| NT, sour ce, MPl _COVM WORLD)

for(i=0;i<count;i++)
printf("% ",buffer[i]);

printf("\n");

MPI _Finalize();
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Reduction Operations

 Used to combine partial results from all
processors

 Result returned to root processor
o Several types of operations available
« Works on single elements and arrays
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MP| Reduce

. C

— int MPlI _Reduce(&sendbuf, &recvbuf, count,
dat at ype, operation,root, conmmuni cator)

e Fortran

— call MPlI _Reduce(sendbuf, recvbuf, count,
dat at ype, operation,root, communi cator,
lerr)

e Parameters

CS 596

— Like MPI1_Bcast, a root is specified.
— Operation is a type of mathematical operation
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CS 596

Operations for MPl_Reduce

MPI_MAX
MPI_MIN
MPI_PROD
MPI_SUM
MPI_LAND
MPI_LOR
MPI_LXOR
MPI_BAND
MPI_BOR
MPI_BXOR
MPI_MAXLOC
MPI_MINLOC

M aximum

Minimum

Product

Sum

Logical and

Logical or

Logical exclusive or

Bitwise and

Bitwise or

Bitwise exclusive or
Maximum value and location
Minimum value and location
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Global Sum with MPI_Reduce
—

doubl e sum partial, sum gl obal;
sumpartial = ...;
lerr = MPl _Reduce(&sum partial, &sum gl obal,
1, MPI _DOUBLE PRECI SI ON,
MPI _SUM r oot ,
VPl COVM WORLD) ;
Fortran
doubl e precision sumpartial, sum gl obal
sumpartial = ...
call MPI _Reduce(sum partial, sum gl obal,
1, MPI _DOUBLE PRECI SI ON,
MPI _SUM r oot ,
MPI COVM WORLD, ierr)
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Global Sum Example with MPI_Reduce

 Write a program to sum data from all processors
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#i ncl ude <npi. h>
#i ncl ude <stdi o. h>
#1 ncl ude <stdlib. h>

/*
I This program shows how to use MPI _Scatter and
MPlI _Reduce

I Each processor gets different data fromthe root
processor

I by way of npi _scatter. The data is summed and then
sent back

l to the root processor using MPI _Reduce. The root
processor

I then prints the gl obal sum
*/

[* gl obals */

I nt numodes, nyi d, npi _err;

gdefine npi _root Nk se el A\ 3 )Y 3

/* end gl obals */



void init _it(int *argc, char ***argv);

void init_it(int *argc, char ***argv) {
npi _err = MPI _Init(argc,argv);
mpi _err = MPI _Comm si ze( MPI _COMM WORLD, &nummodes );
npi _err MPI _Comm r ank( MPI _COVMM WORLD, &nyid);

}

int main(int argc, char *argv[]){
I nt *nyray, *send_ray, *back_r ay;
I nt count;
I nt size,nysize,i,k,j,total, gtotal;

init_it(&argc, &rgv);

/* each processor will get count elenents fromthe root */
count =4;
nmyray=(i nt*)mal | oc(count *si zeof (int));
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/|* create the data to be sent on the root */
I f(myid == npi _root){
si ze=count * nutmodes;
send ray=(int*)mall oc(size*sizeof(int));
back ray=(int*)mall oc(numodes*si zeof (int));
for(i=0;i<size;i++)
send ray[i]=i;
}
/* send different data to each processor */
npi _err = MPlI _Scatter(send ray, count, MPl _INT, nyray,
count ,
MPlI I NT, npi _root,
MPI _COVM WORLD) ;
/| * each processor does a local sum */
t ot al =0;
for(i=0;i<count;i++)
total =total +nyray[i];
printf("myid= % total= %\n ", nyid,total);
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/* send the | ocal suns back to the root */
mpi _err = MPlI _Reduce(&total, &gtotal, 1, MPI | NT,
MPlI _ SUM
npi _root, MPI _COVM WORLD) ;
/* the root prints the global sum*/
I f(nmyid == npi _root){
printf("results fromall processors= % \n
",gtotal);

}
mpi _err = NPl _Finalize();

CS5% SAN DIEGO STATE UNIVERSITY 38



