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1 Introduction

The MPJ programming interface has been defined by the Javed&farum to pro-
vide MPI-like message passing for Java applications. IbBIN& a pure-Java imple-
mentation of this interface, and delivers high-performeac@mmunication, while being
deployable on various platforms, from Myrinet-based d@tsto grids.

1.1 Virtual Topologies

Depending on the underlying algorithm, logical communaastructures like hyper-
cubes or graphs, may appear, called virtual topologies id.MPthe moment, virtual
topologies are not supported by Ibis MPJ. Only linear rankibering is supported.

1.2 Intercommunication

It is not possible, that two processes, both members ofrdifitegroups, can exchange
messages. lbis MPJ does not support MPI-like inter- comoatioin at the moment. To
achieve intercommunication, a new group, e.g. derived tlengroup oMPJ.WORLDCOMM
has to be constructed containing the processes that aresegpo communicate to
each other.

1.3 Derived Datatypes and Multidimensional Arrays

Since Java provides derived datatypes natively, by using d&jects, there is no
real need to implement derived datatypes in Ibis MPJ. Neetass contigous derived
datatypes are supported to obtain the functionality ofeldeice operationgPJ.MINLOC
and MPJ.MAXLOC which need at least a pair of values inside a given array.hat t
moment Ibis MPJ supports one-dimensional arrays. Multdfisional arrays may be
sent as an object, but in place receive is not possible irctss.

2 Compiling an example

The Sor example application for MPJ is provided with the MIRJ distribution, in the
examples directory, which also contains various other examples. déowenience,
the examples are already compiled.



If you change the example, you will need to recompile it. Treiguires the build
systemant 1. Runningant in the examples directory compiles the examples, and
rewrites the class files for use with Ibis MPJ.

If, for some reason, it is not convenient to ws® to compile your application, or
you have only class files or jar files available for parts ofryapplication, it is also
possible to compile your application to class files or jarsfilend then process those
using thempjc script. This script can be found in the Ibis MPJ bin directdtytakes
either directories, class files, or jar files as parameteat, @mncesses those, possibly
rewriting them. In case of a directory, all class files andijas in that directory or its
subdirectories are processed. The command sequence

$ cd $MPJ_HOME/examples
$ mkdir tmp
$ javac -d tmp -g \
-classpath ../lib/mpj-2.2.jar \
src/ =/ * . java
$ ../bin/mpjc -cp tmp tmp
$ mkdir lib
$ (cd tmp ; jar c . ) > lib/mpj-examples.jar
$ rm -rf tmp

creates dib directory and stores the resulting class files there, in-&l@acalled
mpj-examples.jar . The MPIHOMEenvironment variable must be set to the lo-
cation of the Ibis MPJ installation.

Runningmpjc is not obligatory, but it may improve serialization perf@nte, i.e.
the writing and reading of Java objects.

3 An Ibis MPJ run

Before discussing the running of an Ibis MPJ applicationywediscuss services that
are needed by the Ibis communication library.

3.1 The pool

A central concept in Ibis is thool. A pool consists of one or more Ibis instances, usu-
ally running on different machines. Each pool is generaldeup of Ibises running a
single distributed application. Ibises in a pool can comitate with each other, and,
using the registry mechanism present in Ibis, can searchtfar Ibises in the same
pool, get notified of Ibises joining the pool, etc. To cooatm Ibis pools a so-called
Ibis serveris used.

3.2 The |bis Server

The Ibis server is the Swiss-army-knife server of the Ibigjgnt. Services can be
dynamically added to the server. By default, the Ibis comigation library comes

with a registry service. This registry service managesgqaissibly multiple pools at
the same time.

Ihttp://ant.apache.org



In addition to the registry service, the server also alldwisds to route traffic over
the server if no direct connection is possible between twtaimces due to firewalls or
NAT boxes. This is done using the Smartsockets library ofbieproject.

The lbis server is started with timepj-server  script which is located in thiin
directory of the Ibis MPJ distribution. Before starting dislMPJ application, an Ibis
server needs to be running on a machine that is accessiredilanodes participat-
ing in the Ibis MPJ run. The server listens to a TCP port. The pomber can be
specified using the-port command line option to thepj-server  script. For a
complete list of all options, use thehelp  option of the script. One useful option is
the--events  option, which makes the registry print out events.

3.2.1 Hubs

The lbis server is a single point which needs to be reachadne évery Ibis instance.
Since sometimes this is not possible due to firewalls, amthtihubscan be started to
route traffic, creating a routing infrastructure for thesIbPJ instances. These hubs
can be started by using mpj-server script with theub-only ~ option. In addition,
each hub needs to know the location of as many of the otherdmipsssible. This in-
formation can be provided by using thub-addresses option. See the-help
option of the mpj-server script for more information.

3.3 Running the example: preliminaries

When the Ibis server is running, the Ibis MPJ applicationlfitsen be started. There
are a number of requirements that need to be met before ustas Ibis MPJ) can
be started correctly. In this section we will discuss thesaeitail.

Several of the steps below require the usagsystem propertiesSystem prop-
erties can be set in Java using ik option of thejava command. Be sure to use
appropriate quoting for your command interpreter.

As an alternative to using system properties, it is alsoiplesso use a java prop-
erties file2. A properties file is a file containing one property per linsyaily of the

formatproperty = value . Properties of Ibis can be set in such a file as if they
were set on the command line directly.
Ibis and Ibis MPJ will look for a file nameibis.properties in the current

working directory, on the class path, and at a location sigelwith theibis.properties.file
system property.

3.3.1 Add jar files to the classpath

The Ibis MPJ implementation is provided in a single jar filepjjar, appended with
the version of Ibis MPJ, for instancepj-2.2.jar . Ibis MPJ interfaces to Ibis using
the Ibis Portability Layer, ofPL. Both Ibis MPJ and the IPL depend on various other
libraries. All jar files in $MPJHOME!/lib need to be on the classpath.

3.3.2 Configure Log4j

Ibis and Ibis MPJ use the Log4J library of the Apache projegtrint debugging infor-
mation, warnings, and error messages. This library mustibalized. A configuration

2http://java.sun.com/j2se/1.5.0/docs/api/java/util/P roperties.html



file can be specified using theg4j.configuration system property. For exam-
ple, to use a file namddg4j.properties in the current directory, use the follow-
ing command line option:Dlog4j.configuration=file:log4j.properties

For more info, see the log4j website

3.3.3 Set the location of the server and hubs

To communicate with the registry service, each lbis instameeds the address of the
Ibis server. This address must be specified by usinghtiseserver.address
system property. The full address needed is printed onwgbauf the Ibis server.

For convenience, it is also possible to only provide an afjrport number pair,
e.g. machine.domain.com:5435 or even simply a host, e.docalhost . In
this case, the default port number (8888) is implied. The& pomber provided must
match the one given to the lbis server with thgort  option.

When additional hubs are started (see Section 3.2.1), thatibns must be pro-
vided to the Ibis instances. This can be done usingiltleehub.addresses
property. Ibis expects a comma-separated list of addresdmsbs. Ibis will use the
first reachable hub on the list. The address of the Ibis sesveppended to this list
automatically. Thus, by default, the Ibis server itselfsed as the hub.

3.3.4 Setthe name and size of the pool

Each Ibis instance belongs to a pool. The name of this poot beugrovided using the
ibis.pool.name property. With the help of the Ibis server, this name is theedu
to locate other Ibis instances which belong to the same [®iote the Ibis server can
service multiple pools simultaneously, each pool must lzareique name.

It is possible for pools to have a fixed size. In these so-dallesed worldpools,
the number of Ibises in the pool is also needed to functionectly. This size must
be set using th#is.pool.size property. This property is normally not needed.
When it is needed, but not provided, Ibis will print an error.

3.3.5 The mpj-run script

To simplify running an lbis MPJ application,rapj-run  script is provided with the
distribution. This script can be used as follows

mpj-run java-flags class parameters

The script performs the first two steps needed to run an Ibid E#plication. It
adds all required jar files to the class path, and configur@4j.lot then rungava
with any command line options given to it. Therefore, anyitiolical options for Java,
the main class and any application parameters must be gebaislifiava was called
directly.

Thempj-run script needs the location of the Ibis MPJ distribution. Trisst be
provided using the MPBHOME environment variable.

Shttp://logging.apache.org/log4



3.4 Running the example on Unix-like systems

This section is specific for Unix-like systems. In particulhe commands presented
are for a Bourne shell or bash.

We will now run the example. All code below assumes the MIME environ-
ment variable is set to the location of the Ibis MPJ distiitout

First, we will need an Ibis server. Start a shell and runntipg-server  script:

$ $MPJ_HOME/bin/mpj-server --events

By providing the--events  option the server prints information on when Ibis
instances join and leave the pool.

Next, we will start the application two times. Run the foliogg command in two
different shells:

$ CLASSPATH=$MPJ_HOME/examples/lib/mpj-examples.jar \
$MPJI_HOME/bin/mpj-run \
-Dibis.server.address=localhost \
-Dibis.pool.size=2 -Dibis.pool.name=test \
sor.Sor 512

This sets the CLASSPATH environment variable to the jar filéhe application,
and calls mpj-run. You should now have two running instarafegour application.
One of them should print:

Running 512 x 512 SOR
SOR took 14.050 seconds
Used 1190 iterations, diff is 0.001645, allowed diff is 0.00 1646

or something similar.

As said, the mpj-run script is only provided for conveniernberun the application
without mpj-run, the command below can be used. Note thatdhly works with
Java 6. For Java 1.5, you need to explicitly add all jar file$MPJIHOME/lib to the
classpath.

$ java \
-cp \
$MPJ_HOME/lib/"  *":3MPJ_HOME/examples/lib/mpj-examples.jar \
-Dibis.server.address=localhost \
-Dibis.pool.name=test -Dibis.pool.size=2 \
-Dlog4j.configuration=file:3MPJ_HOME/log4j.properti es \
sor.Sor 512

3.5 Running the example on Windows systems

We will now run the example on a Windows XP system. All codeobedssumes the
MPJHOME environment variable is set to the location of the IbiBMlistribution.

To set environment variable on Windows, right-click on tMy’Computer’ icon,
'Properties’, ’Advanced’ tab, 'Environment Variables'than. There, you can add vari-
ables to either the User variables or the System variables.

First, we will need an Ibis server. Start a command promptain and run the
mpj-server  script:

C:\DOCUME " 1\Temp> "%MPJ_HOME%"\bin\mpj-server --event S



Note the quoting, which is needed when MROME contains spaces.

By providing the--events  option the server prints information on when Ibis
instances join and leave the pool.

Next, we will start the application two times. Run the foliogg commands in two
different shells:

C:\\DOCUME™1\Temp> cd %MPJ_HOME%\examples

C:....> set CLASSPATH=lib\mpj-examples.jar

C:....> "%MPJ_HOME%"\bin\mpj-run
"-Dibis.server.address=localhost"
"-Dibis.pool.size=2" "-Dibis.pool.name=test"
sor.Sor 512

This sets the CLASSPATH environment variable to the jar ffléhe application,
and calls mpj-run. You should now have two running instarafegour application.
One of them should print:

Running 512 x 512 SOR
SOR took 14.050 seconds
Used 1190 iterations, diff is 0.001645, allowed diff is 0.00 1646

or something similar.

As said, the mpj-run script is only provided for convenieriberun the application
without mpj-run, the commands below can be used. Note thsitotly works with
Java 6. For Java 1.5, you need to explicitly add all jar file%oMPJIHOME%\lib to
the classpath.

C:\DOCUME™1\Temp> cd %MPJ_HOME%\examples

C:...> java
-cp "%MPJ_HOME%%\lib\ *";lib\mpj-examples.jar
-Dibis.server.address=localhost
-Dibis.pool.name=test -Dibis.pool.size=2
-Dlog4j.configuration=file:"%MPJ_HOME%"\log4j.prope rties
sor.Sor 512

4 Further Reading

The Ibis web pagéttp://www.cs.vu.nl/ibis lists all the documentation and
software available for Ibis, including papers, and slidiegresentations.



