CSE 791

Message-Passing Libraries

CSE 791

Fall 1999

CSE 791

The Duality

l

Remember theduality between shared

memory and message passing

l

Shared memory programmingis more

natural,except�

u scientific computing has l ong used grid-

based de compo sition

u thr eads a nd synchron iza tion do n´t come

natura lly to scientists

u scalab ility

CSE 791

Message Passing l

Computers were built toreflect the computation structure

(meshes) l

But they weren´t the same l

machine-specific messaging l

need toknow exactly who you´re talking to l

ï longdevelopment time

CSE 791

Message Passing II

l

The Attack of theKiller Micros was

underway

l

The result would be distributed systems

l

We´ve lost the nice, regular structure of

parallel machines

l

What aboutclusters?

A crisis was imminent

CSE 791

Problems with Message Passing

l

Needto know exact location of each

sender/recipient

l

Needto write code to send/receive

messages

l

Needto manage queues of outstanding

messages (or send synchronously)

l

Needto manage heterogeneous data

types

CSE 791

Three Solutions l

Local Area Multicomputer (LAM) and

Trollius -- Greg Burns, Cornell/OSC/ND l

Parallel Virtual Machine (PVM) -- Vaidy

Sunderam (Emory), Al Geist (Oak

Ridge), et al.

l

Message Passing InterfaceStandard --

MPI Forum (http://www. mpi -forum.org)

CSE 791

LAM l

LAM provides a low-level message passing layer, designed to aggregate clusters of workstations l

Has both PVM andMPI interface layers available l

See http://www. mpi . nd . edu /lam

CSE 791

PVM

l

The firstlarge-scalesolution with high-level

messagingfunctions

l

NOT a standard

l

Essentially an interface and its

implementation (LAM decoupled this)

l

Includes dynamic process creation

l

No scheduling/placement

l http://www. epm . ornl . gov / pvm

CSE 791

MPI l

Learned from what PVM did l

Developed standard interfaces (MP I !)

l

No default implementation u LAM u MPICH u CHIMP l

No dynamic process creation l

No scheduling/placement

CSE 791

MPI ( cont .)

l

Many messagingsystems now provide

MPI implementations

u Legio n

u spe cific impl ementatio ns for fast message

pla tforms

l

MPI-2does definedynamic process

creation

CSE 791

Top 10 Reasons to Prefer MPI

over PVM (Greg Burns)

1. MPI has more tha n o ne fre ely availa ble,

qua lity implementation .

u There are at least LAM, MPICH and CHIMP. The

choice of development tools is not coupled to the

programming interface.

2. MPI define s a 3rd party pro filin g mecha nism.

u A tool builder can extract profile information from

MPI applications by supplying the MPI standard

profile interface in a separate library, without ever

having access to the source code of the main

implementation.

CSE 791

Top 10 (IV)

7. MPI can efficie ntl y prog ram MPP and cluste rs.

u A virtual topology reflecting the communication pattern of the application can be associated with a group of processes. An MPP implementation of MPI could use that information to match processes to processors in a way that optimizes communication paths.

8. MPI is to tal ly portabl e.

u Recompile and run on any implementation. With virtual topologies and efficient buffer management, for example, an application moving from a cluster to an

MPP could even expect good performance.

CSE 791

Top 10 (V)

9. MPI is fo rmally specified.

u Implementations have to live up to a published document of precise semantics.

10. MPI is a stan dard.

u Its features and behaviour were arrived at by consensus in an open forum. It can change only by the same process.

CSE 791

How to Use MPI:

Simple Master/Slave Skeleton

l

Process 0 becomes the master

u receives req uests

u distrib ute s work to slaves

u col lects re su lts

l

All other processes are slaves

u get work from master

u return result

u die wh en tol d to

l

Skeletonbecause we don´t do real work

CSE 791

Master/Slave Skeleton:

Common Code

#include < mpi .h> main( int argc , char * argv [])

{ int myrank ;

MPI_ Init (& argc , & argv ); /* initialize MPI */

MPI_Comm_rank(MPI_COMM_WORLD, /* always use this */

& myrank ); /* process rank, 0 */

/* thru N-1 */ if ( myrank == 0) { master();

} else { slave()

}

MPI_Finalize(); /* cleanup MPI */

}

CSE 791

Master Code:

Initialization

#define WORKTAG 1

#define DIETAG 2

master()

{

int ntasks , rank, work;

double result;

MPI_Status status;

MPI_Comm_size(MPI_COMM_WORLD, & ntasks );

/* find out #processes in application */

CSE 791

Master Code:

Seeding the Slaves

/*

* Seed the slaves.

*/

for (rank = 1; rank < ntasks ; ++rank) {

work = /* get_next_work_request */;

MPI_Send(&work, /* message buffer */

1, /* one data item */

MPI_INT, /* data item is an integer */

rank, /* dest . process rank */

WORKTAG, /* user chosen message tag */

MPI_COMM_WORLD);/* always use this */

}

CSE 791

Master Code: Cleanup

/*

* Tell all the slaves to exit.

*/ for (rank = 1; rank < ntasks ; ++rank) {

MPI_Send(0, 0, MPI_INT, rank, DIETAG,

MPI_COMM_WORLD);

}

} /* End of master() */

CSE 791

Slave Code:

Initialization

#define WORKTAG 1

#define DIETAG 2 slave()

{ double result;

int work;

MPI_Status status;

CSE 791

Slave Code: Main Loop

for (;;) {

MPI_ Recv (&work, 1, MPI_INT, 0, MPI_ANY_TAG,

MPI_COMM_WORLD, &status);

/*

* Check the tag of the received message.

*/

if (status.MPI_TAG == DIETAG) {

return;

}

result = /* do the work */;

MPI_Send(&result, 1, MPI_DOUBLE, 0, 0,

MPI_COMM_WORLD);

}

} /* End of Slave */