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.ǳǘΧ

ÅUsers need more computing power:

ïUsing more than one core for execution

ïOr even more than one site for execution

ÅUsers need to interact with the application:

ïMonitoring the output of the app

ïOr even changing the behavior of the app while it 
is running
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Parallel Jobs

ÅtŀǊŀƭƭŜƭ Ƨƻōǎ ǳǎŜ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ŎƻǊŜΧ Ƙƻǿ ǘƻ 
use all the cores efficiently?

ïShared memory: all cores access a common data 
area 

ïMessage Passing: cores interchange messages 
with the data

ÅMPI (Message Passing Interface) provides a 
standard interface for programming parallel 
jobs  
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MPI

ÅDefines uniform and standard API (vendor neutral) for 
message passing

ÅAllows efficient implementation
ÅProvides C, C++ and Fortran bindings
ÅSeveral MPI implementations available:
ïCǊƻƳ ƘŀǊŘǿŀǊŜ ǇǊƻǾƛŘŜǊǎ όL.aΣ ItΣ {DLΧΦύ ƻǇǘƛƳƛȊŜŘ ŦƻǊ ǘƘŜƛǊ 

systems
ïAcademic implementations

ÅMost extended implementations:
ïMPICH (from ANL/MSU), includes support for a wide range of 

devices (even using globusfrom communication)
ïOpen MPI (join effort from FT-MPI, LA-MPI, LAN/MPI and PACX-

MPI developers): modular implementation that allows the use 
of advanced hardware during runtime
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MPI-1 & MPI-2

ÅMPI-1 standardincludes:
ïPointto point communication
ïCollectiveoperations
ïProcessgroupsandtopologies
ïCommunicationcontexts
ïDatatypeManagement

ÅMPI-2 adds:
ïDynamicProcessManagement
ïFile I/O
ïOneSidedCommunicactions
ïExtensionof CollectiveOperations
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Processes

ÅEveryMPI job consistof N processes

ï1 <= N  , N == 1 isvalid

ÅEachprocessin a Job couldexecutea different
binary

ïIn general it's alwaysthe samebinarywhich
executesdifferent codepath basedon the process
number

ÅProcessesare includedin groups
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groupX

Groups

ÅA groupisanorderedset of processes

ÅEveryprocessin a grouphas anuniquerank
insidethe group

ïFrom0 to #PROCS -1

ïProcessescan havedifferent ranksin different
groups

ÅGroupsare definedwith MPI Communicators
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HelloWorld

#include <mpi.h > /* for MPI functions */

#include <stdio.h > /* for printf */

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

int rank = 0, size = 0;

MPI_Init (&argc , &argv ); MPI_Comm_size(MPI_COMM_WORLD, &size ); 
MPI_Comm_rank(MPI_COMM_WORLD, &rank );

printf (" Hello my rank is %i of %i \ n", rank , size );

MPI_Finalize ();

return 0;

} 
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Compiling

ÅBasics
ïC programshaveto includempi.h

ïFortranprogramsincludempif.h

ïAll MPI functions/symbolsprefixedwith άatLψέ

ÅCompiling/Linkingis implementationsspecific
ïMost of them providewrappercompilers

ïmpicc, mpicxxΣ ƳǇƛŦфлΧ addrequiredflagsand
libraries

ïJustuse mpiccinsteadof gcc:

mpicc Ƶo hello hello.c
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HelloWorld

ÅMPI_Init
ïinitializethe MPI system

ïmustbe calledbeforeanyother MPI functioncan be called

ÅMPI_Comm_size
ïreturn the numberof processesin the processesgroup

ïMPI_COMM_WORLDisa defaultgroupwith all processes

ÅMPI_Comm_rank
ïreturn the rankof the currentprocessin the group

ÅMPI_Finalize
ïShutdownthe MPI system

ïAfter this callMPI mustnot be called
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HelloWorld

#include <mpi.h > /* for MPI functions */

#include <stdio.h > /* for printf */

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

int rank = 0, size = 0;

MPI_Init (&argc , &argv ); MPI_Comm_size(MPI_COMM_WORLD, &size ); 
MPI_Comm_rank(MPI_COMM_WORLD, &rank );

printf (" Hello my rank is %i of %i \ n", rank , size );

MPI_Finalize ();

return 0;

} 
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Hello my rank is 2 of 5
Hello my rank is 1 of 5
Hello my rank is 0 of 5 
Hello my rank is 4 of 5
Hello my rank is 3 of 5



Communicationbetweenprocesses

ÅTwotypesof processescommunication:
ïPoint-to-point: the sourceprocessknowsthe rank

of the destinationprocessandsendsmessage
directedto it.

ïCollective: all the processesin the groupare 
involvedin the communication.

ÅMost functionsare blocking. Thatis: the
processwaitsuntil it has receivedcompletely
the message.
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Point-to-point

ÅMPI_Send:

int MPI_Send(void * buf , int count , MPI_Datatype datatype , 
int dest , int tag , MPI_Commcomm)

ïWhenMPI_Sendreturn it meansthat the usercan safelyre-use 
the buffer, but not that the sendoperationalreadycompletedof
even that the remote processreceivedthe data

ÅMPI_Recv:

int MPI_Recv(void * buf , int count , MPI_Datatype datatype , int source , i
nt tag , MPI_Commcomm, MPI_Status *status)

ïWhenMPI_Recvreturn the data has beenreceivedinto the specified
buffer (check status for possibleerrors)
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Point-to-point: ring example

#include <mpi.h >

#include <stdio.h >

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

MPI_Status status ;

MPI_Request request ;

int rank = 0, size = 0;

int next = 0, prev = 0;

int data = 0;

MPI_Init (&argc , &argv ) ;

MPI_Comm_rank(MPI_COMM_WORLD, &rank ) ;

MPI_Comm_size(MPI_COMM_WORLD, &size ) ;

prev = ( rank + (size­1)) % size ;

next = ( rank + 1) % size ;

MPI_Send(&rank , 1, MPI_INT, next , 0, MPI_COMM_WORLD);

MPI_Recv(&data, 1, MPI_INT, prev , 0, MPI_COMM_WORLD, &status);

printf ("%i received %i \ n", rank , data); 

MPI_Finalize (); 

return 0;

}

0 1 2
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Point-to-point

ÅNon blocking:

ïMPI_Isend/MPI_Irecv

Åreturn as fastas possible,
ïOperationalreadyfinished

ïOperationison going

ïOperationnot even started

Åreturn a requestto be usedfor testingof the
completionof the operation

int MPI_Isend (void * buf , int count , MPI_Datatype datatype , int dest , int
tag , MPI_Commcomm, MPI_Request * request ) ;

int MPI_Irecv (void * buf , int count , MPI_Datatype datatype ,
int source , int tag , MPI_Commcomm, MPI_Request * request );
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Point-to-point

ÅCheckingstatus:

ïMPI_Wait: return whenthe operationiscomplete

ïMPI_Test: non-blockingversionof MPI_Wait

int MPI_Wait(MPI_Request * req , MPI_Status * st )

int MPI_Test (MPI_Request * req , int * flag ,  MPI_Status * st )

MPI_Send(next,Χύ
MPI_Recv(prev,Χύ

MPI_ISend(next,Χύ
MPI_IRecv(prev,Χύ
MPI_Wait
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CollectiveOperations

ÅMPI providesseveralcollectiveoperations

ïAll processesof a communicatorshaveto call it

ïRapidsoftware development

ÅUserdoesnot haveto implementthe algorithmsagain

ïBetterperformance

ÅAllowsthe implementationto exploitsystemspecific
features

ÅTheimplementationcan selectthe best possible
algorithmfor the operation
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CollectiveOperations
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CollectiveOperations: Reduce

ÅMPI_Reduce:

ïAppliesoneOP on the input buffer of all processes
andstoresresult in the output buffer on the root
processes

ïPredefinedoperations

ÅMPI_MIN/MPI_MINLOC/MPI_MAX/MPI_MAXLOC

ÅMPI_SUM/MPI_PROD

ÅMPI_LAND

ÅΧ

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

int n, myid, numprocs, i ;
double mypi, pi , h, sum, x;

MPI_Init (&argc ,& argv );
MPI_Comm_size(MPI_COMM_WORLD,& numprocs);
MPI_Comm_rank(MPI_COMM_WORLD,& myid);

n = 10000; /* default # of rectangles */

MPI_Bcast (&n, 1, MPI_INT, 0, MPI_COMM_WORLD);

h = 1.0 / ( double ) n;
sum = 0.0;
for ( i = myid + 1; i <= n; i += numprocs) {

x = h * (( double)i - 0.5);
sum += 4/(1+ x* x);

}
mypi = h * sum;

MPI_Reduce(&mypi, & pi , 1, MPI_DOUBLE, MPI_SUM, 0, MPI_COMM_WORLD);

if ( myid == 0) {
printf (" pi is approximately %.16f \ n", pi );

}

MPI_Finalize ();
return 0;

}



MPI-2

ÅParallel I/O
ïAllows several process to access data (read or write) 

from a common file

ïHigh performance

ÅDPM (Dynamic Process Management)
ïSupports the creation of new processes during 

runtime and communicate with them

ÅOne sided operations
ïRemote Memory Access

ïCan provide good performance on hardware 
paltforms with this kind of communication 
(Infiniband, Myrinet)
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PacxMPI

ÅMiddlewareto run MPI applicationson a network
of parallelcomputers
ïStartsMPI jobsin eachcluster
ïPACX mergesthem into a bigger/uniqueMPI job

ÅPACX conformsto the MPI standard
ïApplicationsjust needto be recompiled!
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PacxMPI communication

ÅPacx-MPImapsthe MPI ranksof the big job to the MPI 
processes runningon eachcluster 

ÅPacx-MPImaps2 additionalάhiddenέ ǇǊƻŎŜǎǎŜǎ on the
local MPI jobsfor externalcommunication
ïRank0 of the local MPI jobsisalwaystheάoutέ daemon

ïRank1 of the local MPI jobsisalwaystheάinέ daemon

Grids & e-Science 2009. UIMP. Santander 28
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Pacx MPI communication

ïInternalCommunication
ÅCommunicationbetweenprocesses runninginsidethe samelocal 

cluster isperformedvia the local, optimizedMPI implementation

ïExternalCommunication
ÅSendmessageǘƻ άoutέ daemonusinglocal MPI
Åάoutέ daemonsendmessageto destinationhostover the network

usinga protocol(TCP)
ÅTheάinέ daemonsendmessageto destinationusinglocal MPI
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Executing MPI (on the Grid)

Å There is no standard way of starting an MPI application
ï No common syntax for mpirun, mpiexecsupport optional

Å The cluster where the MPI job is supposed to run doesn't have a shared 
file system
ï How to distribute the binary and input files? 
ï How to gather the output?

Å Different clusters over the Grid are managed by different Local Resource 
aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳǎ όt.{Σ [{CΣ {D9ΣΧύ
ïWhere is the list of machines that the job can use?
ïWhat is the correct format for this list?

Å How to compile MPI program?
ï How can a physicist working on Windows workstation compile his code 

for/with an Itanium MPI implementation?

30
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MPI-START

ÅSpecifiesa uniqueinterfaceto the upperlayerin the
middlewareto describe MPI jobs

ÅSupportbasicfile distributions
ÅImplemented as portable shell scripts
ÅExtensible via user hooks and plugins at the site level
ÅUser specifies the job characteristics using env 

variables 
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MPI-START variables

ÅInterface Intra Cluster MPI:

ïI2G_MPI_APPLICATION: 

ÅThe executable

ïI2G_MPI_APPLICATION_ARGS: 

ÅThe parameters to be passed to the executable

ïI2G_MPI_TYPE: 

ÅThe MPI implementation to use (e.gopenmpi, ...)

ïI2G_MPI_VERSION: 

ÅSpecifies which version of the the MPI implementation 
to use. If not defined the default version will be used
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MPI-START variables

ÅInterface Intra Cluster MPI
ïI2G_MPI_PRECOMMAND
ÅSpecifies a command that is prependedto the mpirun(e.g. 

time).

ïI2G_MPI_PRE_RUN_HOOK
Åtƻƛƴǘǎ ǘƻ ŀ ǎƘŜƭƭ ǎŎǊƛǇǘ ǘƘŀǘ Ƴǳǎǘ Ŏƻƴǘŀƛƴ ŀ άpre_run_hookέ 

function. 

ÅThis function will be called before the parallel application is 
started (usage: compilation of the executable) 

ïI2G_MPI_POST_RUN_HOOK
ÅLike I2G_MPI_PRE_RUN_HOOK, but the script must define a 
άpost_run_hookέ ǘƘŀǘ ƛǎ ŎŀƭƭŜŘ ŀŦǘŜǊ ǘƘŜ ǇŀǊŀƭƭŜƭ ŀǇǇƭƛŎŀǘƛƻƴ 
finished (usage: upload of results). 
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MPI-START invocation

[imain179@i2g-ce01 ~]$ cat test2mpistart.sh
#!/bin/sh
# Thisisa script to show how mpi-start iscalled

# Setenvironmentvariablesneededbympi-start
export I2G_MPI_APPLICATION=/bin/ hostname
export I2G_MPI_APPLICATION_ARGS=
export I2G_MPI_NP=2
export I2G_MPI_TYPE=openmpi
export I2G_MPI_FLAVOUR=openmpi
export I2G_MPI_JOB_NUMBER=0
export I2G_MPI_STARTUP_INFO=/home/imain179
export I2G_MPI_PRECOMMAND=time
export I2G_MPI_RELAY=
export I2G_MPI_START=/opt/i2g/ bin/ mpi-start

# Execute mpi-start
$I2G_MPI_START

[imain179@i2g-ce01 ~]$ cat test2mpistart.sh.o114486
Scientific Linux CERN SLC release 4.5 (Beryllium)
Scientific Linux CERN SLC release 4.5 (Beryllium)
lflip30.lip.pt
lflip31.lip.pt

[imain179@i2g-ce01 ~]$  qsub -S /bin/bash -pe openmpi 2  -l 
allow_slots_egee=0 ./test2mpistart.sh

[lflip31] /home/imain179 > cat test2mpistart.sh.e114486
Scientific Linux CERN SLC release 4.5 (Beryllium)
Scientific Linux CERN SLC release 4.5 (Beryllium)
real    0m0.731s
user    0m0.021s
sys     0m0.013s

The submission (in SGE):

The StdOut:

The StdErr:

The script:

ÅMPI commands are transparent to the user
ïNo explicit mpiexec/mpirun instruction

ïStart the script via normal LRMS submission
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SubmittingMPI app to the Grid

Å Definition of the job requirements
ï Need for JDL extensions that allow the user to express their job characteristics

Å Check if the site supports the MPI implementation
ï Usually published in the site-BDII (lcg-info magic)
ï Need a service that checks this transparently for the user 

Å Select and use resources from different administrative domains
ï No reservation or control over the resources
ï Need a service that handles automatically co-allocation and selects the best 

resources

Å Start the job on the sites
ï Find MPI-START or download to the site, set properly the variables
ï Need a service that is able to do this for the user (and allows advanced users 

to enhance it)
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CrossBroker

ÅCrossBrokeris a metaschedulerthat provides 
automaticexecution of interactiveand parallel
applications on grid (gLitebased) environments

ïTransparent

ïFlexible modular components

ÅLeverages existing developments:

ïFork from EDG-RB + gLiteWMS

ïCondor

ïC++, perl, python and shell script
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CrossBrokerarchitecture

CrossBroker

User
Interface

Information
Index

Replica
Location
Service

Computing 
Element

Scheduling 
Agent

Resource 
Searcher

Application
Launcher

Job
Starter

Interactive
Agent

Selection Policies: 
ÅClose to files resources
ÅBest Fit policy for intra-cluster
ÅSets with smaller number of 

resources for inter-cluster

ÅAsynchronously updated
ÅSeveral sources of 

information
ÅConsiders jobs and

resources characteristics

Provide flexible start up for jobs
Written as a shell script
Easily modified for new 
applications
MPI-START is automatically used
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