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Abstract: As we enter Zicentury, our dependency this to be practicable, these HPC systems needpo s
on the parallel or distributed computing to soleege ~ Port a single system image at any one or more ®f th
scientific problems is going to increase each deyis  following levels:

observation has inspired many researchers to invest * Hardware Level

their efforts into the development of efficienttfen e Operating System Level
independent Message Passing Interface. JMPF (A + Message Passing Interfaces Level
MessagePassing Framework for Cluster Computing e Language / Compiler Level

in Java) is one alternative interface developed in Java » Tools / Applications Level

Using JMPF, programmers can easily design and de- The above approaches for achieving unified acaess t
velop application programs for cluster computing. |  system resources have been discussed in the @per [
this paper, we describe the need of JMPF and JMPF |n this paper, we discuss a framework in Java, Whic
components, architecture, implementation, Applarati  provides a unified access to network at languagel,le
Programmer’s Interface, interaction between its eom and at the same time offers program portability and
ponents, and sample applications. allows heterogeneous computing.

1. Introduction Java has many features, as highlighted by its idefin

) tion [3], “Java: A simple, object-oriented, disutld,
High-speed network and improved microprocessor interpreted, robust, secure, architecture neupatt-
performance are making networks of workstations an aple, high-performance, multi-threaded, and dynamic
appealing vehicle for cost effective parallel arid-d  |Janguage”. Among these features, Java makes network
tributed computing [1]. By relying solely on commod programming easier by encapsulating connection
ity hardware and software, network of workstations functionality in socket classes [4]. Java is mosthed
(NOW) or cluster of workstations (COW) can offer in writing distributed computing programs becau$e o
parallel processing at low cost. A large networteiin its portability feature and it goes a lot furthean most
connects many computers from different vendors hav-languages to obtain not mainly just portability but

ing different machine architectures and runnindedif  identical program behavior on different platforms.
ent operating systems. In such a network of heterog

; In distributed computing, an application is mage u
neous systems, the programming model offered must >n )
be porta)tl)le. prog g of multiple jobs/tasks. Jobs execute on differesdes

in a NOW/COW and they communicate with other

To move into the real era of high performance com- jobs for sharing/distributing data and results.sloba
puting, the operating environment of these machinesdistributed application developed using genericaJav
must provide a unified system view or unified asces communicate with each other through sockets, which
to system resources, which is popularly called as aare basically a communication channel through which
Single System Image (SSI). The user need not awaremessages can be sent or received. But communicating
of the underlying system architecture to use threae  through sockets is complex and there is no guagante
chines effectively. The programmer must be provided that the sockets that are free in one platformadse
with the view of globalized file system, processesd  free in another platform and hence, socket specific
network. This allows the user to access system re-applications suffer from portability. Even if pragn-
sources such as memory, processors, network, etc.mer tries to overcome this by finding availableefre
transparently irrespective of whether they arelab®®  sockets at runtime, but managing them becomes very
locally or remotely. tedious task when an application is made up of imult
n Ple jobs. It is also difficult for programmers termem-

As stated above, high performance computing o ; . e
gn b pung ber socket numbers while developing an application.

commodity hardware is gaining wide acceptance. For



The above stated difficulties necessitated the re-tion running on network of computers. This should
quirement of a transparent message passing systenprovide the naming of ports and groups for communi-

which has led to the design of IMPRV@ssagdPass-

ing Framework for Cluster Computing dava. It pro-
poses the following: Instead of communicating tigtou
predefined sockets we can have a mechanism totdete
the available free socket in the host machine ratime

and name each socket by unique name. These name%l0

sockets,which we call as ports in JMRFare easy to
remember, manage, and operate. .
2. JMPF Architecture
In Java, message passing occurs when a Java progra,
executing in one address space (machine) communi-,
cates with another Java program executing in an en-,
tirely different address space.

JMPF supports both Point-to-Point (one to one) and «
Group (one to many) communication. Point to point
communication allows one or multiple senders tadsen
messages to a single destination port. Group commun
cation allows a single sender to communicate taimul

ple destinations simultaneously. In group communica °

tion, the ports are assembled ifort Groups When a
message is sent to a port group, all the membettseof
group receive it. Port groups can be created and de
stroyed dynamically. Ports can be inserted to er re
moved from a port group. Also, a port can be a mem-
ber of more than one port group at the same time.

The architectural view of théM PF is shown in Fig-
ure 1. This architecture is the fundamental bugddin
block for all the classes that will involve in tives-
sage Passing Framework. The rest of this sectitn ou
lines the features and design of JMPF as portrayed
the Figure 1.
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Figure 1. Architectural view of the system

The main function of the JMPF server should be to
serve the clients in the network, who wish to commu
nicate with each other, by providing informatioroab
the jobs, tasks, groups, and ports needed for cariamu
cation.

cation, manipulate the ports/groups and providenmea

for communication through ports using point to poin

and group communication mechanism.

Cl'he services port management and port communica-

n offered by JMPF are discussed below:

Port Management Functions allows to

create a port by the given name

locate a port by the given nhame

delete a port by the given nhame

create a group by the given name

locate a group by the given name

delete a group by the given name

add a member port to the specified group
remove a member port from the specified group
show the status of the specified group

Port Communication Functions allows to

e create the DatalnputStream and PrintStream, to

and from the specified port.

send the messages through the specified port or

through the Output Stream.

* receive the message through the specified port or
through the Input Stream.

« send the messages to the specified group synchro-
nously

The message-passing mode cansyx&chronous or
asynchronous. In synchronous mode of communica-
tion, the senderblocks until the receiver receives the
message and theceiverblocks until the sender does a
send, whereas in asynchronous mode of communica-
tion, the sender does not block. If there is nzeineer
to receive the message, the message is queuedfor bu
ered. The receiver blocks and waits for message ar
val when there is no queued or buffered message.

3. Design of JIMPF

The main components of JMPF ai®l PF Server
andJM PF user stub (client interface). The stub resides
on the client machine and the Server on any oribeof
host machines in the network. Table 1 shows the var
ous services that are supported by the JMPF in co-
ordination with and JMPF Server services.

JMPF Server stores all the information about differ-
ent jobs of an application running in the networld a
its ports and groups for facilitating communication
among them. Depending on the client request the
server responds to the client, which helps in ngessa
passing among distributed jobs.

JMPF user stub is a Java class containing methods,
which allows creation and management of named

The JMPF user stub should provide the transparéntggciets. |t also allows application tasks to comimun
means for message passing among tasks of an applica.ate each other transparently.



JMPF User Stub JMPF Server
public int CreatePortGroup(String) Jobs
public int CreatePort(string) Tasks
public int LocatePortGroup(String) Groupg
public int LocatePortGroup(String,boolean) Ports

public int LocatePort(String)

public int LocatePort(String, boolean)
public int DeletePortGroup(String)

public int DeletePort(String)

public int AddMember(String, int)

public int RemoveMember(String, int)
public Vector ShowStatus(String)

public PrintStream CreatePS(int)

public DatalnputStream CreateDIS(int)
public int SyncSendGroup(String, String)
public int SyncSendGroup(String, int)
public int SyncSendGroup(String, char [ ])
public int Send(PrintStream, String)
public int Send(PrintStream, int)

public int Send(PrintStream, char[ ])
public int Send(int, String)

public int Send(int, int)

public int Send(int, char[])

public String BlockReceiveString(int)
public int BlockReceivelnt(int)

public char[ ] BlockReceiveCharArray(int)
public String ReceiveString(int)

public int Receivelnt(int)

public char[ ] ReceiveCharArray(int)
public String ReceiveString(DatainputStrean
public int Receivelnt(DatalnputStream)
public char[ ] ReceiveCharAr-
ray(DatalnputStream)

public void ClosePorts( )

=

Table 1: IMPF class and JM PFServer services

When the client wishes to communicate with other
clients, it accesses appropriate service from the
JMPFServer. This is achieved by invoking a suitable
method of the stub object (which is an instanc¢hef
client stub class) and then the stub object peaime
requested operation in cooperation with the server.

JMPF hides all the low-level networking issues and

offers a simple and transparent means for messags

passing.

Communicating with IMPFServer

To access services of the server, the user stidrtsbj
should know the address of the host machine winere t
server is running in the network. The IP addresthef
host machine where the server object is running is
stored in the fil§ ava. hpc. Prior to creating a stub
object for message passing, every client readdRhe
address of the server from this file, for estalitigh
communication path with the Server.

4. JMPF Implementation

The three components of JMPF are: JMPF server,
JMPF client interface/stub, and JMPF clients (which
are distributed tasks of an application).

JMPF Server

JMPF Server is designed as a multithreaded seover s
that it can serve multiple client requests simwdtan
ously. It extends the standard JaMar ead class to
achieve this, so that for every client requesthraad
object can be created to serve client requests.

JMPF allows execution of multiple applications of
the same or different type simultaneously. This is
achieved by creating a separate object space fr ea
job, which maintains task objects, group objectd an
port objects for that job. The Hash Table datacttme
is chosen to store these objects as it allowsrggaof
objects of different classes with a unique key itito

JMPEF Client Interface

JMPF client interface methods allow to create &,por
locate a port, and to communicate over a por€Crle-
atePort() and CreatePort G oup(), the port
name and group name respectively, are bound to sock
ets which are automatically selected. These dedads
maintained in the local hash table of a task angaiti

and also in JMPF server for global access. When a
client other than owner of a communicator object
(which is an instance of client stub) wishes to oam
nicate to some other client, it establishes comgaini
tion path with another client by accessing inforiomat
maintained in the JMPF server. Once communication
path is established, both clients communicate with
each other directly without interacting with the\se.

JMPF Class Specification

The specification of the class@8PF, G oupSocket
and Por t Socket and their components such as data
members, constructors, methods, etc. are showmvbelo

Class JMPF

£ Data members:

Hashtable Groupids;
Hashtable Portids;
PrintStream ToServer;
Datal nputStream FromServer;
int Jobld;
String Hostname;
int Hostld;
String Servername;

Constructor :
JMPF(int job_id, int task_id);

Methods :
public void InitComm( );
public String ReadHostname( );
public int CreatePortGroup(String GroupName);
public int CreatePort(String PortName);
public int LocatePortGroup(String GroupName);
public int LocatePortGroup(String GroupName, booldag)E
public int LocatePort(String PortName);
public int LocatePort(String PortName, boolean Flag);
public int DeletePortGroup(String GroupName);
public int DeletePort(String PortName);
public int AddMember(String GroupName, int PortNo);
public int RemoveMember(String GroupName, int PortNo);
public Vector ShowStatus(String GroupName);
public PrintStream CreatePS(int PortNo);
public DatalnputStream CreateDIS(int PortNo);




public int SyncsendGroup(String GroupName, String Me3sage
public int SyncsendGroup(String GroupName, int Message)
public int SyncsendGroup(String GroupName, char [ ] islgsg
public int Send(PrintStream PS, String Message);

public int Send(PrintStream PS, int Message);

public int Send(PrintStream PS, char [ ] Message);

public int Send(int PortNo, String Message);

public int Send(int PortNo, int Message);

public int Send(int PortNo, char [ ] Message);

public String BlockReceiveString(int PortNo);

public int BlockReceivelnt(int PortNo);

public char [ ] BlockReceiveCharArray(int PortNo);

public String ReceiveString(DatalnputStream DIS);

public int Receivelnt (DatalnputStream DIS);

public char [ JReceiveCharArray(DatalnputStrear I

public String ReceiveString(int PortNo);

public int Receivelnt(int PortNo);

public char [ JReceiveCharArray(int PortNo);

public void ClosePorts();

public int createport_group(String HostnameHiostld, String
name, int Groupld)

public int createport(String Hostname, int Hhstring name, int
Portld)

public int add_member(String GroupName, int oyt

public int locateport_group(String name)

public int locateport(String name)

public Vector show_status(String GroupName)

public int deleteport_group(String GroupName)

public int deleteport(String PortName)

public int remove_member(String GroupName, o)

public String where_to_send(int PortNo)

class Tasks

Data members:
String TaskName;
int Taskld,;

Constructor :
public Tasks(String name, int id)

Class Groups

class GroupSocket

Data members:
String GroupName;
int Groupld;
Server Socket Group_socket;

Data members:
Hashtable Portlds;
String Hostname;
int Hostld,;

String GroupName;
int Groupld,;

Constructor :

Constructor :
public Groups(String Hostname, int Hostld, Striage, int gpno)

public GroupSocket(String GroupName, int Groupld, S&weket sk);

Class PortSocket

Data members:
String PortName;
int Portld;
Server Socket Port_socket;

Methods :
public int addportid(String PortName, int PortNo)
public int removeportid(String PortName)

class Ports

Constructor :
public PortSocket(String PortName, int PortNo, ServerSaaiket

JMPFServer Class Specification

The specification of the class@sPFServer, Con-
nection, Jobs, Tasks, Goups, Ports and

Data members:
String PortName;
int Portld;
String Hostname;
int Hostld,;

Constructor :

public Ports(String Hostname, int Hostld, Striagne, int PortNo)

5. JMPF Components Interaction

their components such as data members, COnstructorsrhe JMPF components interaction along with stepwise

methods, etc. are shown below.

class JMPFServer

Data members:
Server Socket Server_socket;
InetAddress Address;
Hashtable Joblds;
String Hostname;

Constructor :
public IMPFServer();

Method :
public void run();

class Connection

Data members:
Socket NetClient;
Datal nputStream FromClient;
PrintStream ToClient;
Hashtable Joblds;
String Hostname;
InetAddress Address;

Constructor :
public Connection(Socket client, Hashtable job)

Methods :
public void run();
public Jobs GetJobObject(int job_id);

operations when method€r eat ePort Group(),
Send(), and Recei ve() are invoked is shown in
Figure 2, 3, and 4 respectively.

Creat ePort Group() Method

. Client
» | User stub
> < public int
4 CreatePor tGroup
5 String
JVM
Node 1
A
v

class Jobs
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Data members:
Hashtable Tasklds
Hashtable Grouplds
Hashtable Portlds
int Jobld;
String JobHostname;
int JobHostlId;

Constructor :
public Jobs(int job_id)

Methods :
public int addtask(String Hostname, int Hostld)
public int removetask(String Hostname, int Hbstl

Figure 2: JMPF componentsinteraction when
CreatePortGroup() isinitiated

* publicint CreatePortGroup (String);

1. Send the request “LocatePortGroup” to the server
to find out if any group already exists with the
specified name.



2. Server will process the request. Recei ve() Method
if (Group is not existing by the specified nhame)

then return -1 public String BlockReceiveString (int);

* public String ReceiveString (int);

else
return the Groupld of the existing group by 1. if( the Receiver is the owner of the socket ) then
the specified name Open ServerSocket connection
3. Send the response to the requester. else
4. Proceed according to the received response. a. Send the request to the server.
If( received response > 0 ) then b. Process the request in the server.
Groupld = -1; c. Send the hostname of the owner.
else 2. Open Socket or ServerSocket connection to the
get free port in the host machine; sender.

This can be achieved by invoking method 3. Open the i/p and o/p streams to it.
ServerSocket(0), which will search for a 4. Read the message through the i/p stream.
free port and reserve it as the server socket.5.  Write the status of receiver into the o/p stream of

The ServerSocket details will be maintained the sender.
in GroupSocket and Grouplds HashTable 6. Return the received message to the called program
objects.
5. Store this GroupName, Groupld information in the ) Chia
server. - B Ug_liub
6. Return the Groupld to the called program. e
(int)
A
Send() Method
y
Client JVM
User stub |~ Node 2
G public Send B 4 4
(int,String)
‘\“ ‘ v A

y
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JVM VM Figure 4. JMPF componentsinteraction when
Node 1 Node 2 Receive() is executed
ﬂ‘ ﬂ‘ Note: Any one of the Entities involved in point-to-goin
w‘ w‘ communication must be the owner of a port/group.
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6. JMPF API
Figure 3: JMPF componentsinteraction when The various methods (application programming inter-
Send() is executed face-API) that the user stub supports along witjuar
«  public Send (int, String): ments, usage, functioning, and values it is retgire

discussed below.
1. if( the Sender is the owner of the socket) then

Open ServerSocket connection The methods of JMPF have to be accessed through

else an instance of the JMPF class. The JMPF class €an b
a. Send the request to the server instantiated by supplying job and task identifioati
b. Process the response (hostname of the codes as follows:
receiver) from the server. _ JMPF Obj = new JMPF(job_id, task_id);
c.Send the hosthame of the receiver to the _ i
d public int CreatePortGroup (String)
senaer. . Usage int Groupld = Obj.CreatePortGroup (String Group-
2. Open Socket or ServerSocket connection to the Name)
; Function Creates the group specified by the GroupName
receiver. . . Returning values  Groupld <0 if group is not created
3. Open the i/p and o/p streams to the receiver. Groupld >0 if group is successfully created.
4. Write the message into the o/p stream of the re- _ :
. public int LocatePortGroup (String)
celver. . . Usage int Groupld = Obj.LocatePortGroup (String Group-
5. Read the status of receiver through the i/p stream Name)
from the receiver. Function Locates the group specified by the GroupName
. Returning values  Groupld <0 if group is not located
6. Return the status of receiver to the called program Groupld > 0 if group is successfully located.




public int
Usage

Function

LocatePortGroup (String, boolean)
int Groupld = Obj.LocatePortGroup (String Group-
Name, boolean Flag)
Locates group by the given name and value of flag.
If Flag == true then

Wait until the specified group is located successfu

Else Send the status of location
Returning values  Groupld <0 if group is not located
Groupld >0  if group is successfully located.
public int DeletePortGroup (String)
Usage int Groupld = Obj.DeletePortGroup (String Group-
Name)
Function Deletes the group specified by the GroupName

Returning values  Groupld <0 if group is not deleted
Groupld >0 if group is successfully deleted.
public int CreatePort (String)
Usage int Portld = Obj.CreatePort (String PortName)
Function Creates the port specified by the PortName

Returning values  Portld <0 if port is not created
Portld >0  if port is successfully created.
public int LocatePort (String)
Usage int Portld = Obj.LocatePort (String PortName)
Function Locates the port specified by the PortName

Returning values  Portld <0 if port is not located
Portld >0 if port is successfully located.
public int LocatePort (String, boolean)
Usage int Portld=0Obj.LocatePort(String portname, boolea
Flag)
Function Locates port by the given name and the valuegf flg

If Flag == true then

Wait until the specified port is located successfully.

Else Send the status of location.
Returning values  Portld <0 if port is not located
Portld >0 if port is successfully located.
public int DeletePort (String)
Usage int Portld = Obj.DeletePort(String PortName)
Function Deletes the port specified by the PortName

Returning values  Portld <0 if port is not deleted
Portld >0 i port is successfully deleted.
public int AddMember (String, int)
Usage int Status = Obj.AddMember(String GroupName, int
Portld)
Function Adds member port to the specified group

Returning values  Status <0 if port is not successaaed
Status >0  if port is successfully added to the gro
public int RemoveMember (String, int)
Usage int Status = Obj.RemoveMember(String GroupNam|
int Portld)
Function Removes member port from the specified group

Returning values

Status < 0 if port is not successfully rethove
Status > 0 if port is successfully removed from grou|

ly.

up
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public Vector ShowStatus (String)
Usage Vector vector = Obj.ShowStatus ( String GroupName)
Function This function will accept GroupName as input argu
ment and returns the list of members of that group.
Returning value Vector the list of membershefspecified
group.
public PrintStream CreatePS (int)
Usage PrintStream PS = Obj.CreatePS ( int Portld)
Function Creates PrintStream to the specified port.
Returning value PrintStream Makes connection to a recainad
returns PrintStream to the program.
public DatalnputStream CreateDIS (int)
Usage DatalnputStream DIS = Obj.CreateDIS (int Pprtld
Function Creates DatalnputStream to the given port.
Returning value DatalnputStream  Makes connection teghder
and return DafaltStream.
public int SyncsendGroup (String, String)
Usage int Status = Obj.SyncsendGroup ( String GroupName,

String Message)

public int SyncsendGroup (String, int)
Usage int Status = Obj.SyncsendGroup ( String GroupName,
int Message)
public int SyncsendGroup (String, char [ ])
Usage int Status = Obj.SyncsendGroup ( String GroupName,
char [ ] Message)
Function This function will accept GroupName and message as

input argument and returns the status of sending.

Returning values  Status = -1 if receiver hasnt reckitle message
properly.
Status = 1 if receiver has received the message
properly.
[ public int Send (int, String)
| Usage int Status = Obj.Send (int PortNo, String Message)
public int Send (int, int)
Usage int Status = Obj.Send (int PortNo, int Message)
public int Send (int, char [])
Usage int Status = Obj.Send ( int PortNo, char[ ] Message
Function This function will accept PortNo and message as input

argument and returns the status of sending.

Returning values  Status = -1 if receiver hasnt reckitie message
properly.
Status = 1 if receiver has received the message
properly.
public int Send (PrintStream, String)
Usage int Status = Obj.Send ( PrintStream ps, String Mes-
sage)
public int Send (PrintStream, int)
Usage int Status = Obj.Send ( PrintStream ps, int Message)
public int Send (PrintStream, char [])
Usage int Status = Obj.Send ( PrintStream ps, char [ } Mes
sage)
Function This function will accept PrintStream, which i®atty

for
and

made The connection and opened the PrintStrean)
writing into it and Message as input arguments
returns the status of sending.

Returning values  Status = -1 if receiver hasnt reckitie message
properly.
Status = 1 if receiver has received the message
properly.
public String BlockReceiveString (int)
Usage String Message = Obj.BlockReceiveString (int PortiNo)
public int BlockReceivelnt (int)
Usage int Message = Obj.BlockReceivelnt (int PortNo)
public Char[] BlockReceiveCharArray (int)
Usage char message[ ] = Obj.BlockReceiveCharArray (int
PortNo)
Function This function will accept PortNo as input argunaerd

returns the received message of type String.

Returning values  Null if receiver has not hezd message
properly
message if receiver has received the message
properly
public String ReceiveString (int)
Usage String Message = Obj.Receive (int PortNo)
public int Receivelnt (int)
Usage int Message = Obj.Receive (int PortNo)
public Char[] ReceiveCharArray (int)
Usage char Message[ ] = Obj.Receive (int PortNo)
Function This function will accept PortNo as input argunserdt

Returning values

returns the received message.

Null if receiver has naereed the message
properly.
if receiver has received the message
properly.

Message

public

int Receivelnt (DatalnputStream) \

Usage

int message = Obj.Receivelnt (DatalnputStream dié)

public

String ReceiveString (Datalnput-
Stream)

Usage

String message = Obj.ReceiveString(DatalnputStream
dis)

public

Char [] ReceiveCharAr-
ray(DatalnputStream)

Usage

char message[ ] = Obj.ReceiveCharArray (Datinp



Stream dis)

This function will accept DatalnputStream, whicts
already made the connection and opened the Dataln-
putStream for reading from it as input arguments and
returns the received message.

Function

Returning values  Null if receiver has not nese the message
properly.
message if receiver has received the message
properly.
public Void ClosePorts()
Usage Obj.ClosePorts( )

Function This function will close all the groups and pohat {|
the current task has created and remove this task

JMPFEServer.

rom

7. Sample Applications of JMPF

In this section, we discuss four sample application
that demonstrate the usability and suitability BRF

for cluster computing. The first application invebs
implementation of Fast Fourier Transformation (FFT)
algorithm. This implementation is useful in Polyriam
Arithmetic. The second application involves imple-
mentation of sorting. The third application invave
distributed matrix multiplication. The fourth apa-
tion involves solving N queens problem and showing
its output in GUI using Applets.

All the four implementations use the Master-Worker
model [5, 6]. The master will communicate with the
workers and distribute the data and the intermediat
results to the workers. The workers in turn recehe
data from the master, perform the required com-
putation and send the results back to the master.

FFT Algorithm

FFT is one of the oldest and most useful algorithms
used extensively in a wide variety of applications.
Hence, we selected this as one of the potentialican
date for parallelisation.

FFT of an N vector X is a linear transformationXof
defined by Y = F*X, where F is an N X N matrix with
i, j entry is (w)Mi.j for 0 <= i, j < N and w is di@ed as
the Nth primitive root of unity. An N point FFT cdre
computed in log(N) steps.

The following are the steps involved in the imple-
mentation:

[a] Each X is input into a node on (logR)level by
employing decimation technique. The decimation
technique involves entering the inputirto the
row numbered by the reversal of i, reverse (i).

[b] At each node (a, j), multiply the input from higher
numbered row (row with a 1 in j+1 position) by
wA(i*27)) and adds the result to the input from
lower numbered row, where i is the integer con-
sisting of logN-j least significant bits of a. Heae

is the row number in the butterfly network. These

values are computed during step logN - j and are

then output the level j - 1 node. level 0 nodes are
the final output nodes.

The FFT algorithm is useful in convolution compu-
tation and polynomial arithmetic. It is also useful
integer multiplication of numbers of large size.

The implementation of this algorithm uses the func-
tions available in the communication class of the
framework. The master and the workers communicate
through the message-passing interface. This imerfa
called the server, creates and manages the communi-
cation ports for the master and the worker. Theedpe
of computation can be made very fast provided the
network speed is high.

Sorting Algorithm

Sorting of data is one of the most vital applicasion
databases. Herein, a large pool of data usualtedto
files in flat-file structure or relational databasehe
current implementation accepts two data files asitin
sorts each file simultaneously on a different cotapu
system in the cluster and finally merges the twaesb
data files. It can easily be extended to a singtgd

file whose data can be broken up into a set of lemal
and easily sortable modules, which can then be
merged. Thus effectively reducing the time requiieed
sort a large file into the time required to sorsraall
data module and the merging process. The ovenad! ti
saved raises exponentially with size of data to be
sorted.

Matrix multiplication

When we closely observe matrix multiplication opera
tion, C = A * B, it can be noticed that every elethef
resultant matrix C, can be computed independetitly.
can also be observed that each row of matrix @de-i
pendent of other rows and hence, we can simultane-
ously compute each row elements by distributing ma-
trix A and B elements to different nodes in thewaek

and then gathering the computed results to forml+es
tant matrix C.

To implement this application we used master
worker model of computation. In this we accept the
square matrices A and B and distribute each row in
matrix A to each nodes using the method Send(int
PortNo, String message) and whole matrix B toladl t
nodes working for this job, using method Syncsend-
Group(String GroupName, String message) in the user
stub. Then each worker programs working in each
node will compute each row in matrix C simultane-
ously and send the results back to the master anogr
Master program will collect all the results front thle
worker nodes and formulates the resultant matrix C.
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9. Availability

The JMPF is available in the public domain by resnot
FTP access. Access the sitetp://www.fit.qut.edu.au/
~rajkumar/jmpf.html which displays the abstract of
this paper. Click on Download JMPF for downloading
this message passing system. The JMPF source files
are stored in the filgmpf.tar, by using thear utility.
Suggestions for further improvements of this worlk a
welcome and they can be mailed to the authors.



