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Contents of MPI-2 I

+» Extensions to the message-passing model
> Parallel I/O
> One-sided operations
> Dynamic process management

«» Making MPI more robust and convenient
C++ and Fortran 90 bindings

External interfaces, handlers

Extended collective operations

Language interoperability

MPI interaction with threads

Y VvV ¥V V V

Source : Reference : [4], [6], [11], [12],[24],[25], [26]
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MPI-2 An Overview

Remote Memory Access/Dynamic
Process Management

Source : Reference : [4], [6], [11],[12], [24],[25], [26]
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MPI-2: Introduction to Remote Memory Access

+ |ssues

» Windows

«» One-sided operations
« Synchronization

« A simple example
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MPI-2 : Introduction to Remote Memory Access I

Balancing efficiency and portability across a wide
class of architectures

> shared-memory multiprocessors

> NUMA architectures

> distributed-memory MPP’s, clusters

> Workstation networks

R

*

R

*

Retaining “look and feel” of MPI-1

Dealing with subtle memory behavior issues: cache
coherence, sequential consistency

Synchronization is separate from data movement.

R

*%

R

*%
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MPI-2 I
Remote Memory Access Windows and Window Objects I

Process O Process 1
- Get
\ PUt
window
Process 2 Process 3
= address spaces mil = Wi i
P = window object

- [l

C-DAC hyPACK-2013 Multi-Core Processors : MPI 2.0 Overview Part-l|



MPI-2 :Remote Memory Access Window Objects I

MPI Win create (base, size, disp unit,
info, comm, win)

» EXposes memory given by (base, size) to RMA
operations by other processes in comm.

» win IS window object used in RMS operations.

» Disp unit scales displacements:

»> 1 (noscaling) or sizeof (type), where window is an array
of elements of type type.

> Allows use of array indices.
> Allows heterogeneity
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MPI-2 :One-Sided Communications Calls I

MPI Put — stores into remote memory
MPI Get —reads from remote memory
MPI Accumulate — updates remote memory

All are non-blocking: data transfer is described, may
be even initiated, but may continue after call returns.

» Subsequent synchronization on window object Is
needed to ensure operations are complete.

vV V V VY
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MPI-2 : Put, Get, and Accumulate I

MPI Put( origin addr, origin count,
origin datatype, target addr,

target count, target datatype, window)
MPI Get(...)

MPI Accumulate(..., op, ...)

op IsaninMPI Reduce, but no user-defined
operations are allowed.
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MPI-2 : The Synchronization Issue I

< Which value iIs retrieved?

local stores

MPI_Get

\4

/

< Which value is retrieved?
«» MPI provides multiple forms
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MPI-2 : Synchronization I

Multiple methods for synchronizing on window objects:

¢ MPI Win fence — like barrier, supports BSP model
¢ MPI Win {start, complete, post, wait} —for
more scalable control, involves groups of processes

¢ MPI Win {lock, unlock} — provides part of remote-
memory model.
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MPI -2 : Remote Memory Access I

« Separates data transfer from synchronization
+ In message-passing, they are combined

Proc O Proc 1 Proc O Proc 1
store fence fence
send receive put
load fence fence
or Load
store
fence fence
load
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MPI-2 Advantages of Remote Memory Access Operations I

«» Can do multiple data transfer with a single synchronization
operation
> like BSP model
+ Bypass tag matching
> effectively precomputed as part of remote offset

« Significantly faster than send/receive on SGI Origin, for
example, provided special memory is used.

Source : Reference : [4], [6], [11], [12],[24],[25], [26]
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MPI- 2: Cpi with Bcast/Reduce I

n = 0;
while (!done) {
if (myid == 0) {

printf (“Ente
(Oquits) :”);
scanf (“sd”.

}
MPI Bcast(&n, 1,

r the number of intervals

&n) ;

MPI INT, O, MPI COMM WORLD) ;

/ (double) n;
0

i = myid + 1; 1 <= n; 1 += numprocs)

( (double)ili - 0.5);

1f (n == 0)
done = 1;
else {
h =1.0
sum = 0.0;
for (
X = h *
sum += f (x)
}
mypli = h * sum;

{
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MPI- 2: Cpi with Bcast/Reduce I

MPI Reduce (&mypi, &pi, 1, MPI DOUBLE,
MPI SUM, O,
MPI COMM WORLD) ;
if (myid == 0) {
printf (*pi is %$.16f, Error is %$.16f\n”,
pi, fabs(pi - PIZ5DT));

}
MPI Finalize();

return 0;

J
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MPI-2 Cpi With One-sided Operations I

int n, numprocs, muid, 1i;
double mypi, pi, h, sum, X;
MPI WIN nwin, piwin;

MPI Init (&argc, &argv);
MPI_Comm_site(MPI_COMM_WORLD,&numprocs);
MPI Comm rank (MPI COMM WORLD, &myid) ;
1f (myid == o) {
MPI Win create(&n, sizeof(int), 1, MPI INFO NULL,
MPI COMM WORLD, &nwin);
MPI Win create (&pi,sizeof (double),1,MPI INFO NULL,
MPI COMM WORLD, &piwin);
}

else/{
MPI_Win_create(MPI_BOTTOM, o, 1, MPI INFO NULL,

MPI COMM WORLD, &win);
MPI Win create (MPI BOTTOM, 0, 1, MPI INFO NULL,
MPI COMM WORLD, &piwin);

}
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MPI-2 One-sided cpi - 2 I
while (1) {

if (myid ==) {
printf (“Enter the number of intervals: (0 quits)

\\) .
14

MPI Win fence (0, nwin);
if (myid ! = 0)

MPI_Get(&n, 1, MPI INT, o, 0, 1, MPI INT, nwin) ;
MPI Win fence (0, nwin);

if (n == 0)
break;
else
h =1.0 / (double) n;
sum = 0.0;
for (1 = myid + 1; i <=n; 1 += numprocs) {
X = h * ((double)i - 0.5);

C-DAC hyPACK-2013 Multi-Core Processors : MPI 2.0 Overview Part-l|



MPI-2 One-sided cpi - 3 I

sum += (4.0 / (1.0 + x*x));

}

mypl = h * sum;

MPI Win fence( 0, piwin);

MPI Accumulate (&mympi, 1, MPI DOUBLE, O,
MPI DOUBLE, MPI SUM, piwin);

MPI Win fence (0, piwin);

1f (myid ==

printf (“pi is %.16f, Error is %$.l16f\n’
(

pi,

}

)

fabs (pi — PI25DT));

MPI Win free (&nwin);
MPI Win free (&piwin);

MPI Finalize();
return 0;

0,

4
14

1,
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MPI-2 RMA Advanced Topics I

« Exchanging boundary data
« Allocating special memory for one-sided operations
« Alternate synchronization methods

+ Fetch and increment operation
» datatypes
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Introduction to Dynamic Process Management in MPI I

« Standard way of starting processes in PVM
+ Not so necessary in MPI
« Useful in assembling complex distributed applications
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Dynamic Process Management I
+ |ssues

> maintaining simplicity, flexibility, and correctness

> Interaction with operating system, resource manager, and
process manager

» connecting independently started processes

«» Spawning new processes is collective, returning an
Intercommunicator.
> Local group is group of spawning processes.
> Remote group is group of new processes.
> New processes have own MPI COMM WORLD
>

MPI Comm get parent lets new processes find parent
communicator
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Intercommunicators I

» Contain a local group and a remote group

» Point-to-point communication is between a process in
one group and a process in the other.

« Can be merged into a normal (intra) communicator
+ Created by MPI Intercomm createin MPI-1.

« Play a more important role in MPI-2, created in multiple
ways.

Source : Reference : [4], [6], [11], [12], [24],[25], [26]
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MPI Inter-communicators I

Local group

Remote group
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)

Any

Spawning New Processes I

In parents

>

MPI_Comm_spawn

communicator

New intercommunicator

In children

MPI_Init
4

<>

MPI_Comm_world

Parent intercommunicator

\

>

>

/
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Spawning Processes I

MPI Comm spawn (command, argv, numprocs, 1info,

root, comm, intercomm, errcodes)

Tries to start numprocs process running command,
The operation is collective over comm.

Spawnees are in remote group of intercommn.

Errors are reported on a per-process basis in
errcodes.

Info used to optionally specify hostname, archname
wdir, path, file, softness.
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Spawning Multiple Executables I

< MPI Comm spawn multiple (...)

« Arguments command, argv, numprocs, info all
become arrays,.

< Still collective
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In the Children I

+ MPI Init (only MPI Programs can be spawned)

¢ MPI COMM WORLD IS processes spawned with one
call to MPI_Comm_spawn.

¢ MPI Comm get parent obtains parent
Intercommunicator.

> same as intercommunicator returned by MPI Comm spawn
In parents.

> Remote group is spawners.
> Local group is those spawned.
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Manager-Worker Example I

« Single manager process decides how many workers
to create and which executable they should run.

« Manager spawns n workers, and addresses them as
0,1, 2,...,n-1, Inview intercomm.

« Workers address each otheras 0, 1, ...n-1In
MPI COMM WORLD, address manager as O in parent
Intercomm.

« One can find out how many processes can usefully
be spawned (MPI_UNIVERSE SIZE attribute of
MPI_COMM_WORLD)
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Parallel File Copy I

Source : Reference : [4], [6], [11], [12], [24],[25], [26]
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Parallelism in Distributing Files I

All processes writing in parallel

Message-passing in parallel (assume scalable
Implementation of MPI_Bcast)

Pipeline parallelism with blocks from the file
Use syntax adopted from cp:

L)

0‘0

R

%

o
*%

>

R

%

Pcp 0-63 /home/progs/cpi /tmp/cpi
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More Info on Info I

« An extensible list of key=value pairs

« Used in I/O, One-sided, and Dynamics to package
variable, optional types of arguments that may not be

standard

« Example use in Fortran, for MPI_Spawn:

Numslaves =

call MPI INFO CREATE( spawninfo, ierr)

call MPI INFO SET( spawinfo, ‘host’, ‘home.mcs.anl.gov’,lerr)
call MPI INFO SET( spawinfo, ‘path’, ‘/homekosh/progs’,ierr)
call MPI INFO SET( spawinfo, ‘wdir’, ‘/homekosh/tmp’,ierr)
call MPI COMM SPAWN( ‘slave, MPI ARGV NULL, numslaves, &

spawinfo, 0, MPI COMM WORLD, &
slavecomm, MPI ERRCODES IGNORE, ilerr)

Call MPI INFO FREE( spawinfo, ierr )
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Code for pcp Master - 1I

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>
#define BUFSIZE 250*1024
#define CMDSIZE 80
int main( int argc, char *argv[] )
{
int num hosts, mystatus, allstatus,
done, numread;
int infd, outfd;
char outfilename (MAXPATHLEN),
controlmsg [CMDSIZE] ;
char buf [BUFSIZE];
char soft 1imit[20];
MPI Info hostinfo;
MPI Comm pcpslaves, all procs;
MPI Init( &argc, é&argv );
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pcp Master - 2 I

makehostlise( argv[l], “targets”,

MPI Info create( &hostinfo );

&num hosts );

MPI Info set( hostinfo, “file”, Y“targets” );
sprintf ( soft limit, “0:%d”, num hosts );
MPI-Info set( hostinfo, “soft”, soft limit );
MPI Comm spawn( “pcp slave”, MPI ARGV NULL,

num hosts,

hostinfo, 0, MPI COMM SELF,

&pcpslaves,

MPI ERRCODES IGNORE ) ;

MPI Info free( &hostinfo );
MPI Intercomm merge( pcpslaves, O,

14

&all procs );
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pcp Master - 3 I

strcpy( outfilename, argv[3] );
if ( (infd = open( argv([2], o RDONLY ) ) == -1 )

fprintf ( stderr, “%s doesn’t exist\n”, argv[2]

sprintf ( controlmsg, “exit );

MPI Bcast( controlmsg, CMDSIZE, MPI CHAR, O,
all procs );

MPI Finalize();

return -1 ;

}

else {
sprintf ( controlmsg, “ready” );
MPI Bcast( controlmsg, CMDSIZE, MPI CHAR, O,

all procs );

{

) ;

Multi-Core Processors : MPI1 2.0 Overview Part-II
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pcp Master -4 I

MPI Bcast( outfilename, MAXPATHLEN, MPI CHAR, O,
all procs );

1if ( (oufd = open( outfilename,
O CREAT|O WRONLY|O TRUNC, S IRWXU ) ) == -1 )
mystatus = -1;
else

mystatus = 0;
MPI Allreduce( &mystatus, &allstatus, 1, MPI INT,
MPI MIN, all procs );

if ( allstatus( stderr, “Output file %s not opened\n”,

outfilename ) ;
MPI Finalize();
return 1;
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done = 0;
while (!done) {
numread = read (

MPI Bcase( &numread, 1, MPI INT, 0O, all procs );

1f (numread > 0
MPI Bcast) Db

all procs );
write( outfd

}

else {
close( outfd
done = 1;

}
}
MPI Comm free( &pc
MPI Comm free( &al
MPI Finalize();
return ) ;

}

pcp Master - 5 I

infd, buf, BUFSIZE );

) A
uf, numread, MPI BYTE, O,

, buf, numread );

) ;

pslaves );
lprocesses ) ;

C-DAC hyPACK-2013

Multi-Core Processors : MPI1 2.0 Overview Part-II

37



pcp Slave - 1

#include “mpi.h”

#include <stdio.h>

#include <sys/types.h>

#include <sys/stat.h>

#include <fcntl.h>

#define BUFSIZE 256*1024
#define CMDSIZE 80

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

{

int mystatus, allstatus, done,numread;

char outfilename (MAXPATHLEN), controlmsg[CMDSIZE];
int outfd;

char buf [BUFSIZE];

MPI Comm slavecomm, all processes;
MPI Init( &argc, &argv );

MPI Comm get parent ( &slavecomm );
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pcp Slave - 3

/* at this point all files have been successfully opened */

done = 0;

while ( !done ) {
MPI Bcast( &numread, 1, MPI INT, 0O, a;; rpocesses );
if ( numread > 0) {

MPI Bcast( buf, numread, MPI BYTE, 0, all procs );

write (
}
else {
close (
done =

}

outfd, buf, numread );

outfd );
1;

MPI Comm free( &slavescomm ) ;
MPI Comm free( &all processes );

MPI Finalize();
return 0O;
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Establishing Connections I

« Two sets of MPI processes may wish to establish
connections, e.g.,

Two parts of an application started separately.

A visualization tool wishes to attach to an application.

A server wishes to accept connections from multiple clients.

Both server and client may be parallel programs.

« Establishing connections is collective but asymmetric
(“Client/Server”).

< Connection results in an intercommunicator.

>
>
>
>
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Establishing Connections Between Parallel Programs I

In server In client

> >

MPI_Accept MPI_Connect

> >

7

New intercommunicator
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Connecting Processes I
« Server:

> MPI Open port( info, port name )
System supplies port_name
Might be host:num; might be low-level switch#

> MPI Comm accept( port name, info, root, comm,
intercomm )

Collective over comm
Returns intercomm; remote group is clients

< Client:

> MPI Comm connect( port name, info root, comm,
intercomm )

Remote group is server
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Extended Collective Operations I

» In MPI-1, collective operations are restricted to ordinary
(intra) communicators.

» In MPI-2, most collective operations apply also to
iIntercommunicators, with appropriately different
semantics.

» E.g, Bcast/Reduce in the intercommunicator resulting
from spawning new processes goes from/to root In
spawning processes to/from the spawned processes.

» In-place extensions
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External Interfaces I

«» Purpose: to ease extending MPI by layering new
functionality portably and efficiently

«» Alds integrated tools (debuggers, performance analyzers)

« In general, provides portable access to parts of MPI
Implementation internals.

+» Already being used in layering I/O part of MPI on multiple
MPI implementations.
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Components of MPI External Interface Specification I

Generalized requests

» Users can create custom non-blocking operations with an
interface similar to MPI'’s.

> MPI_Waitall can wait on combination of built-in and user-
defined operations.

» Naming objects
> Set/Get name on communicators, datatypes, windows.
« Adding error classes and codes
« Datatype decoding
« Specification for thread-compliant MPI

>
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Threads and MPI in MPI-2 I

« MPI-2 specifies four levels of thread safety
> MPI_THREAD_SINGLE: only one thread

> MPI_THREAD_FUNNELED: only one thread that makes MPI
calls

> MPI_THREAD_SERIALIZED: only one thread at a time makes
MPI calls

> MPI_THREAD_MULTIPLE: any thread can make MPI calls at
any time

» MPI_Init_thread( ..., required, &provided) can be used
Instead of MPI_Init

Source : Reference : [4], [6], [11],[12],[24],[25], [26]
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Language Interoperability I

Singleton MPI_Init

Passing MPI Objects between languages
Constant values, error handlers

Sending in one language; receiving in another
Addresses

Datatypes

Reduce operations

o

L)

o

L)

o

o

o

o

o
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Summary I

+» MPI-2 provides major extensions to the
original message-passing model targeted
by MPI-1

+» MPI-2 can deliver to libraries and

applications portablility across a diverse
set of environments.

Source : Reference : [4], [6], [11],[12],[24],[25], [26]
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Thank You

Any questions ?
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